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Abstract. After introducing soft defence techniques as an
alternative to hard defence techniques, the need is emphasized
to consider the coastal areaasan integral system. By recalling
the main driving factors for coastal management: conflict
resolution, resilience and sustainability, we logically arrive at
the concepts of ecological engineering and ecotechnol ogy,
which areincreasingly acknowledged as possible solutions to
achieve sustainable use of coastal space as aresource. In this
context, werefer to the principles of self design and of ecosys-
tem conservation.

In order to deal with real situations we are in need of
fundamental ‘tools’ for the application of the soft intervention
technology approach. We therefore introduce the concept of
physiographic units and develop an initial elaboration for a
coastal stretch and for coastal wetlands. The latter deserve
more attention because of the already established practices of
ecotechnology, at least as far as water and soil quality are
concerned, but certainly also concerning morphology, espe-
cialy in the future. We conclude by briefly discussing how
activities undertaken in two research projects currently being
conducted under the framework of the Marine Science and
Technology Program of the Commission of the European
Communities are expected to contribute to the conceptsintro-
duced here.

Keywords: Coastal wetland; Conflict resolution; Ecologica
engineering; Ecotechnology; Physiographic unit; Sustainability.

Introduction

The coastal zoneterritory isgreatly affected by long
and continuous human occupation. This has resulted in
acontinuous loss of ‘natural areas’ and in the artificia-
lization of ‘natural processes (particularly dueto urban
and agricultural developments). Thishasin many cases
created situations that are difficult to sustain.

Of course this has been the result of the dominant
culture of the last decades that favours short-term ex-
ploitation of natural resources, in which we include the
‘coastal space’. For a number of reasons, not the least
historical and legidlative reasons, coastal space was for

alongtime seen asa‘low cost’ resource. The adoption
of hard engineering practices, heavily involving con-
creteand steel structures, has caused complete artificial-
ization of forcing factors and boundary conditions, fur-
ther aggravating the problem.

Reflection on these developments has led to the
present tendency of devel oping ‘ soft defencetechniques
as a more appropriate tool to be used in Integrated
Coastal Zone Management. Amongst these techniques,
periodic shore nourishment isnowadayswidely regarded
as an environmentally acceptable method of beach and
dune protection and restoration for short-term urgencies
(viz. storm-induced erosion) as well as for long-term
issues(viz. structural erosionandrelativesea-level rise).
The expected lifetime and effectiveness of the initial
nourishment and of subsequent maintenance nourish-
ments are of major importance in the decision making
process.

Moregenerally thereisagrowing need for ‘ ecologi-
cal engineering’ and ‘ ecotechnology’, in order to coun-
teract and compensate for the continuous | oss of natural
ecosystems to urban and agricultural development, not
only inland but particularly close to the coastline. Eco-
logical engineering and ecotechnology are based on the
recognition of the ‘value of natural systems', arecogni-
tionthat isanecessary prerequisitefor their ‘ sustainable
utilization’. Like other forms of engineering and tech-
nology, ecological engineering and ecotechnology use
the basic principles of science (in this case mainly the
multifaceted sciences of ecology and geomorphology)
to improve living conditions for human society. Unlike
other forms of engineering and technology, ecological
engineering is based on the ‘design of human society
together with its natural environment’, instead of the
‘short-term economic exploitation of nature’. Unlike
conventional engineering, the application of ecological
engineering to the coastal areaincludesin the develop-
ment of itstoolbox all the morphological features, eco-
systems, communities, and organisms that the coastal
area has to offer and it makes use of them and of their
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natural dynamics. The concept will be better introduced
and explained later in the paper.

Ecotechnology involves the acceptance of the con-
cept of aself-designing capability of geomorphol ogical
and ecological systems. In this context one may not
recogniese the power of natural systems shifting and
adapting as individual species and as morphological
patterns, and ultimately designing themselves to be
ideally suited to the environment and to the boundary
conditions that are superimposed. There is a self-de-
signing capability which is recognized as a significant
feature in ecological engineering, because it allows
nature to do some of the ‘engineering’. Humans par-
ticipate asthe choi ce generator and facilitate the match-
ing of the environment and the boundary conditionsto
the natural system, but nature should do the rest using
its own energy and dynamics.

In order to design soft protection interventions, by
translating the above-mentioned principle into concep-
tual terms and while discussing the state of the art on
available modelling approaches, we focus on the prob-
lem of an evaluation of the ‘conditions of change’ for
the generation of choices. The discussion will proceed
towards the definition of the possible ‘toolbox’ for soft
protection interventions in the coastal area.

The coastal area asan integral system

In the coastal area we basically distinguish natural
areas, rural areas, and urban areas, respectively charac-
terised by an increasing degree of influence of human
forcing factors and a decreasing degree of influence of
natural forcing factors. In defining the ‘ degree of influ-
ence’ we follow a structura or landscape-based ap-
proach (landscape characteristics) and a functional or
process-based approach (dynamics characteristics).

In association with characterization, it is necessary
to tackle the difficult subject of delineation. Defining
the precise limits of a certain areais a rather complex
task. We advocate a geographic definition which com-
plicates this task even further. Both traditional and
modern geography considers the definition of land
areas and their position on the basis of a series of
criteriaboth natural (annotated as physical geography)
and artificial (annotated as human geography). The
complexity stemsfrom the very nature of geographical
areas as countless features can be found on a single
piece of land. Following a ‘physiographic unit’ ap-
proach we will however tackle the problem in a prag-
matic way by identifying those areas which are subject
to similar (natural as well as anthropogenic) forcing
factors and boundary conditions from a number of
perspectives (see for instance Capobianco & Stive
1996). In doing so, we incorporate the concept that

there exists a coupling between the temporal and spa-
tial scales of both the considered forcing conditions
and the system’ s dynamics.

The landscape, especialy in the dynamic coastal
area, is strongly affected by anthropogenic influences
and therefore, reconstructing potential conditionsis par-
ticularly difficult. These impacts are the result of long
and continuous human occupation of the coastal terri-
tory, involving deforestation and overgrazing and, more
profoundly, dredging, reclamation and alteration of the
hydrological cycle. Thishasgivenriseto agreat wedth
of endemic species (van der Maarel & van der Maarel-
Versluys 1996) but also to a continuous loss of ‘ natural
ecosystems' (particularly due to urban and agricultural
developments).

An important factor here has been played by the
dominant culture of the last decades that favours short
term exploitation of the natural resources, where, as a
resource, wealso consider ‘ coastal space’. For anumber
of reasons, not lastly historical and legislative reasons,
coastal space was for a long time seen as a ‘low cost’
resource. The adoption of hard engineering practices,
involving concrete and stedl structures, and causing a
complete artificialization of forcing factors and bound-
ary conditions, further aggravated the problem. In many
cases it appears that the most valuable and fragile eco-
systems are the ones that we have been and till are
losing, at avery rapid rate.

These developments have stimul ated the adoption of
soft intervention techni ques. Amongst thesetechniques,
periodic artificial shore nourishment is regarded today
as an environmentally acceptable method of beach and
dune protection and restoration for short-term urgencies
(viz. storm-induced erosion) aswell aslong-term issues
(viz. structural erosion and sea-level risg). The expected
lifetime and effectiveness of the initid nourishment and
subsequent mai ntenance nourishmentsare of major impor-
tance in the decision making process to adopt such soft
interventions. Answers to these questions are far from
being established and existing engineering toolsto predict
morphodynamic behaviour of such systems are il very
simplified and consequently yield unreliable results.

We should emphasize that judging the quality and
integrity of existing coastal zones and of possible im-
pacts and influences of new interventions is more and
more a prerequisite for the implementation of coastal
Zone management strategies. In this context, werefer to
the concept of resilience of the coastal system, which
seems to be a naturally and universally accepted con-
cept. Intuitively, it refersto the capability of the coastal
system to withstand external pressure.

Our long-term objectiveisto contributeto the devel -
opment of aframework applicableasatool in Integrated
Coastal Zone Management to assess the integrated re-
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sponse of the coastal system to different forcing condi-
tions either due to actual conditions or to management
options.

The presence of feedback mechanisms

Since the beginning of scientific research in the
environmental field, vegetation and, more generally,
ecosystems, have been considered as one of the ele-
ments of the ‘landscape’ indicating the ‘conditions’ in
each type of environment. Vegetation is aclear indica-
tor of both climatic and loca geomorphological and
hydrological conditions. Recently vegetation has aso
been used as an indicator of the nutrient and pollution
load of acertain area.

The ecologica system represents the first ‘layer of
use’ of the physical system (the hydrological and the
geomorphological system). Human-inducedimpactswill
affect the ecological components of the coastal system.
In the present context, we are most interested in those
ecological changes which will induce a change in mor-
phology and vice versa (see for instance Capobianco et
al. 1993). Changes in sediment budgets are a critical
issue as they will affect the state of coastal ecosystems,
which in turn influences sediment retention and coastal
geomorphology. The role of coastal biota in trapping
and affecting the cohesiveness of sediments has often
been ignored. There is aneed to focus on the interaction
of magor ecosystem types with the sedimentary and
geomorphic environment, aswell as ng the impli-
cations of ecosystem perturbations on coastal stability.

Conflict resolution, resilience and sustainability

Policy consistency and conflict management

A generic problem in natural resource management
isthat of conflicting laws and policies— each with their
own political champions, institutions and funding ar-
rangements. The coastal zone is no exception. There
exists a large body of legislation and policy which
attempts to protect the natural environment. Today this
is very much within the context of sustainable develop-
ment, in particular that aspect of sustainable develop-
ment, a stated goal of the European Community, which
is concerned with maintenance of our biosphere. This
legidation and policy is generally science-based. There
is also a substantial — and generally more powerful —
body of law and policy which exists to promote and
facilitate economic devel opment. Often these two areas
arein conflict and generally economicimperativesdomi-
nate. However, the conflictsare a so often of arelatively
minor nature and may even be unintended. Examples

here are the unintended effects of many regulations or
pricing policies, which can be corrected.

In practice, it is often very difficult to simply ‘cor-
rect’ deficiencies due to the organisational interests at
stake, budgetary arrangements, training and mission of
staff, and other interconnections which might be ad-
versely impacted by change. Because societies gener-
aly pursue multiple objectives, conflicts between them
are inevitable, at least part of the time. Therefore, the
most redlistic objective isto develop ways of managing
the conflict, rather than attempting to eliminate it.

Precautionary principle

The mgjor policy approach to scientific uncertainty
isthe precautionary principle (O’ Riordan 1992; Dovers
& Handmer 1995) —if the possible outcomes of acertain
human action may lead to serious adverse consequences
we implement precautionary policies in the absence of
complete scientific knowledge. Since complete know-
ledge about natural systems appearsanimpossible goal,
precautionary principles are implicit to most environ-
mental decision making. However, more explicit ac-
ceptance of the precautionary principle moves us away
from defending the status quo and into a more flexible
approach —but it does not by itself constitute a devel op-
ment towardstreatment of underlying causes. Neverthe-
less, moving into that direction could imply avalue shift
rather than a new operationa technique. If this hap-
pened it might bevery costly for some sectors. A second
shortcoming inherent in the precautionary principle is
that one cannot alwaysforesee and predict environmen-
tal damage (Dovers & Handmer 1995). These are two
additional reasons why there is interest in building a
capacity for resilient management of natural systems.

Resilience and resilient management

Resilienceisconventionally defined asthe ability of
bouncing back, or as elasticity asaresponseto pressure
or disturbance. Such definitions are not hel pful without
tempora and spatial scales being defined. In human
societies resilience management is about defining strat-
egiesthat preserve and prepare society for awide range
of possible futures. It is precautionary to combine inte-
grated anaytical techniques for management with the
consideration of resilience. In contrast, vulnerahility,
instead of looking at the strength of communities or
systems facing stress, looks at their weaknesses.

Handmer & Dovers (1996) identified three types of
societal resilience:

* Resistance and maintenance — where no change is
allowed and the statusquoismaintained if at all possible
(e.g. seawalls at any cost, representing historical prac-
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ticesin The Netherlands and much of Britain);

¢ Change at the margins — where the underlying as-
sumptions are kept but symptoms are treated (e.g. the
new policy of localised managed retreat);

¢ Openness and adaptability — where the underlying
assumptions change and fundamental problems are
treated (e.g. coastal abandonment and migration of the
population to a more suitable location).

Whiletraditionally most human responses have been
based on resistance and maintenance, thereisincreasing
interest in policies that work with nature (i.e. change at
the margins, openness and adaptability).

In terms of resilience management, auseful analogy
is provided by research and policy experience in the
field of hazard and disaster management. Herethe start-
ing assumption is that there is always significant ‘re-
sidual risk’, for which preparations must be made. Even
given perfect integrated understanding, aspects of the
future would remain uncertain, such as the timing of
extreme events, theamount of climate change and many
socio-economic factors. When critical system variables
are well understood, typically preventive or other haz-
ard alleviation strategies are adopted and the residual
risk may be small. However, when the understanding is
low, or perhaps more normally, when we are unsure
about the extent of our understanding, then most of the
hazard will fall within the residual risk category.

Thegeneral attributes of coastal management strate-
gieswhichareresilient would include adaptability, flex-
ibility, and the ability to ‘learn’ from experience (espe-
cialy from mistakes from the past). A key aspect of
such strategieswould betheir ability to incorporate new
knowledge as it inevitably emerges.

Ecological engineering and ecotechnology

Thereisagrowing needfor ‘ ecological engineering’
and ‘ecotechnology’ to counteract the continuous loss
of natural ecosystems due to urban and agricultural
development, both inland and close to the coastline.
Mitsch & Gosselink (1993) developed this approach in
relation to freshwater wetland ecosystems, but we can
easily extend this to coastal wetlands by introducing
some more dynamic geomorphological processes.

Like other forms of engineering and technology,
ecol ogical engineering and ecotechnology usebasic prin-
ciplesof science—inthiscase mainly ecology —to design
better living conditions for human society. In addition,
ecological engineering aims at designing human society
with its natural environment, instead of the short-term
economic exploitation of nature. The application of eco-
logical engineering to thecoastal areaincludesall ecosys-
tems, communities and organisms the coastal areahasto
offer. It isredly ‘building with nature’ .

Ecological engineering and ecotechnology involvea
partnership of humans and natural ecosystems. A sys-
temsview and the use of models are necessary if we are
to ‘manipulate’ whole ecosystems to provide public
service functions. Ecosystems are flexible and adaptive
systems, with self-design capabilities that by far exceed
the design capabilities of the most innovative and ex-
pensive engineering technologies. Particularly when
dealing with long-term and large-scal e effects we need
to know the ecosystems' relationships with both the
hydrological and the geomorphological systemsand the
human system. The capability to serve as a decision
support tool for ecotechnology interventionsinthe coastal
areawill follow as a natural outcome of the integrative
knowledgethat must eventually be devel oped within yet
to be conducted halistic, interdisciplinary research pro-
grammes. Fig. 1 summarizes the balance between soft
and hard intervention technologies in the coastal zone.

The principle of ‘self design’

Ecotechnology is based on the self-designing capa-
bility of ecosystems. Even polluted ecosystems have a
certain regeneration power by substituting and adapting
species and reorganizing food chains and energy fluxes.
We participate in generating choices and facilitating the
matching ecosystemswith their environments, but nature
‘doestherest’. By trandating such a principle into con-
ceptual terms and modelling approaches and while con-
firming theimportance of the evaluation of the dynamics,
model s should focus on the eval uation of the ‘ conditions
of change'. It is our philosophical hypothesis that the
understanding and the prediction of integrative phenom-
ena would benefit much from the understanding and
prediction of the conditionsthat determine such changes.

The principle of ‘ ecosystem conservation’

Inthe same way asan engineer depends on toolsand
raw material to design and build products and processes,

The Culture of
Environmental Conservation Dominates

Natural Morphodynamic

Natural Ecological
Processes

Processes

"Soft"
Technologies

The Culture of

“Sustainable Development" "Ecotechnologies"

"Hard"
Technologies

Coastal
Structures

Uncontrolled
Coastal Space Utilisation

The Culture of
(Short Term) Environmental Exploitation Dominates

Fig. 1. ' Soft’ versus ‘hard’ technologies.
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the ecologica engineer depends on species and ecosys-
tems. It would be counterproductiveto diminate, drain, or
even disturb natura ecosystems unless absolutely neces-
sary. Thesearethesystemsinwhich biologicd diversity is
preserved which may be required by the ecological
engineer one day or another.

This means that the ecotechnology approach will
|ead to more environmental conservation than has been
realised up to now. It has been noted, for example, that
as soon as wetlands were recognized for their abiotic
importancefor flood control and water quality enhance-
ment — this in addition to the long understood (and
exploited) valuesashabitat for fish and wildlife—wetland
protection efforts gained amuch wider degree of accept-
ance and even enthusiasm. Recognition of ecosystem
valuesisafundamental requirement for ecosystem con-
servation.

Toolsfor application of soft intervention technology

Physiographic units

Anintegrated spatial landscape model could be based
onacell division of the study area. Each cell inthe grid
would contain a copy of individual unit models. Unit
model equations will need to be integrated into the
spatial grid. Different levelsof aggregation of these unit
models can be evaluated to determine an optimal com-
promise between accuracy and manageability. Such cell
models will naturally interface with grid-based Geo-
graphical Information Systems.

There are, however, situationsfor which cell models
areinappropriate, or inefficient at least, and larger-scale
unit based models should be considered. For example, if
we are basicaly interested in integrated systems or
activities, such as lagoons, river branches, fisheries or
settlements which are localized in space while interme-
diate, internal featuresare of no concern, acell approach
would require a considerable amount of data which are
in fact not used. This more integral approach may aso
be promoted by the fact that it is only at a more aggre-
gated level that we can identify areas which are subject
to similar (natural as well as anthropogenic) forcing
factors and boundary conditions. Because of the link
which exists between the temporal and spatial scales of
both the considered forcing conditions and the system’s
dynamics, we logically arrive at more aggregated
physiographic units. Alternatively, we can consider geo-
metric data models that include point features, linear
features and areal features: each feature being defined
by sets of coordinates.

These above-mentioned arguments imply that we
should define and use interacting objects that represent

real-world physiographic units (see Capobianco & Stive
1996 for an application to deltaic areas). These objects
can correspond to physica entities at various levels of
aggregation, where each entity is characterized by state,
behaviour and identity, and where these properties are
manifested through attributes (those properties of an
object that are accessible to other objects), operations
(thosefunctionsor transformationsthat may be applied to
an object by another object), associations (relationships
between two objects), generalizations (rel ationships be-
tween a class of objects and one or more refined or
specialized versionsof it). Such physiographi c unit-based
models naturally interface with vector-based Geographic
Information Systems.

The physiographic unit will implicitly define the
scales of concern; variables correspond to state and
attributes; processes are further distinguished into be-
haviour (the internal dynamics) and operations, gener-
alizations and associations (the integrative dynamics).
Physical/ecological interactions and feedbacks have to
be especially emphasized. The objective is to predict
major changes in habitat distribution within the area,
including losses of habitat to open water and changesin
habitat dueto community succession. Asmoredetails of
the system are defined within the model, the model
becomes more data-demanding.

The definition of regimes (for water, sediment and
salinity) represents a ssmple way to summarize the
conditions to which a site is exposed during a certain
period of time(e.g. during ayear). Asfar asmodellingis
concerned, the definition of classes allows for the for-
mulation of models; the character of the forceisstrictly
related to the formulation of the description of the
forcing factors. We distinguish classes such as periodi-
cal forcing, random short-term, random short-term peri-
odical, random seasonal, random periodical, periodical,
in relation with the river discharge regime, the tidal
character, the wave climate and the management prac-
tices. Such conditions are of fundamental importancein
determining the vegetation characteristics, the morphol -
ogy and, ultimately, the dynamic character of the
physiographic unit (see Capobianco 1996).

It is of particular interest to distinguish between
boundaries that are mainly driven by natural forces and
those mainly driven by human forces. The first are
subject to change because of long-term morphol ogical
and ecological processes, while the latter are subject to
change because of human actions. The spatial character-
istics of the two types of boundaries may be quite
different: irregular in case of the natural ones, much
more regular in case of the artificial ones.
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Coastal zone stretch

Here we introduce the concept of generic coastal
zone stretch (Fig. 2). This can be subject, on a certain
time scale, to a net long-shore influx or outflux of
sediment as well as a net influx or outflux of sediment
seaward and landward. If we consider the occurrence of
natural processes that basically determine such fluxes
and the possible occurrence of human interventions to
affect them (i.e. to stop the long-shore flux on one side
or in onedirection; to reduce erosion of the beach; etc.),
there could be a large number of situations/combina
tionsand alarge number of basic coastal features(i.e. an
open beach, aclosed beach, abarrier beach if weassume
that thereisalagoon on theland ward side, etc.). In fact
thepossible, ‘admissible’ combinations (considering all
the possible situations that can occur because of natural
processes or human factors) are more than 60, while the
most significant ones from the practical point of view
areca. 10.

If we now only take into account the existence of
sediment transport (wave, current, or wind-induced)
and morphological processes, our basic tool is ‘sedi-
ment’, eventually shaped into various morphological
features. The simplest interventions we can imagine
here are beach nourishment, where we introduce new
sediment on the upper beach, or shore-face nourish-
ment, where we introduce new sediment on the upper
shore-face. Morearticul ated interventions could betaken
into account, for instance a long-shore-periodic beach
nourishment, as well as an offshore sand-breakwater.
The latter being certainly subject to a quick disappear-
ance but still, potentially, able to trigger significant
‘natural redistribution processes . If we then take into
account the presence of other processes, i.e. the ecologi-
cal processes and, particularly, the presence of vegeta-
tion, the possibilities for interventions through natural
dynamics, increase substantially. We have the possibil-
ity to model the adjacent dune field (if any) or even to
createaduneline (if thereisenough space available), or
maybe to slow down the shore-face dynamics through
theintroduction of submerged vegetation (if the substra-
tum and the depth allow for it).

Fig. 2. Elementary coastal stretch. A large
number of processes is actually determining
its ‘morphogenesis’ at all scales.

Coastal wetlands

Moving further inland, we definitively enter thearea
where it is more appropriate to talk about coastal
wetlands. In the coastal area, at least three types of
wetlandsareclearly discernibleaccordingtotheir origin
or congtituent forcing agents. Firgtly, thoseinwhoseorigin
only littoral dynamics have played arole. Secondly, those
manifesting the combined action of fluvial and littoral
dynamics. Thirdly, it will be necessary to take alook at
wetlands generated from the deposits of tidal currents.
This is only marginally the case in the Mediterranean
areas, however on a long term time scale of interest,
even small tidal variations, including the occasional
occurrence of storm surge induced prisms, can play an
important role. In general we distinguish:

» subtidal waters (marine, lagoonal)

* intertidal areas (sand- and mud flats, beach)

e supratidal areas (only inundated at spring tide: salt
marshes, flood forests, ‘ green beach’)

» terrestrial areas (dunes, fresh and brackish water
marsh, agricultural area, forest)

The functioning of these systems can be summa-
rized intwo aspects: hydrological and geomorphological .
Thehydrological aspect compriseseverything connected
with water flow while the geomorphol ogical onewould
involve changesin shape due to erosion and sedimenta-
tion processes. Apart from continental sedimentation,
wetlands can equally function as areas of sedimenta-
tion-marine erosion, provided that they are connected
artificially or naturally to the sea. The entering currents
supply sediments from the nearby sea floors and/or the
threshold to thelagoon basin and thetidal plains (of both
the coastline and the spit). For their part, the returning
currents involve the remobilization of the sediments
making up the lagoon basin and, in some cases, even
carry them towards the sea.

Wetlands are complex and sensitive ecosystems,
characterized by a water table at, or near, the land
surface for some part of the year, by soil conditions that
differ from adjacent uplands, and by vegetation adapted
to wet conditions. Physiographic unitsWetlands may
be classified on the basis of their morphology, hydrol-
ogy and vegetation. Their areal extent, distribution, and
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surface as well as the internal structures can be atered
by many processes, such as organic and inorganic sedi-
ment deposition and erosion, paludification (lateral
spread), terrestrialization (colonization of open water
by wetland plant communities), and changing hydrol-
ogy. Inthe case of coastal wetlands, saltwater intrusion
and changesin sealevel play afundamental role.

Wetlands have been shown to be one among the
most promising types of ecosystem for application of
ecological engineering principles (see Mitsch 1988).
This may be due to the usual niche for wetlands on the
landscape as ecotones between aquatic and terrestrial
systems. Therefore they have aways performed an eco-
logical role of protecting and buffering one system from
another. They minimise floods and chemical and sedi-
ment flushes from uplands before they reach down-
stream aquatic systems, protect terrestrial systemsfrom
storm damages, and are often the leading edge of land
accretion even in the face of rising water levels (or
decreasing soil levels). These systems thus represent
ecosystems whose roles are well suited for amplifica-
tion through ecological engineering.

Coastal wetlands have significant economic and in-
trinsic ecological values. Healthy coastal wetlands re-
quire the ‘right mix’ of fresh and salt water, sediment,
and other physical parameters to provide a stable base
for growth of vegetation. They are the most productive
ecosystemsknown, providing nutrientsand habitatsthat
support the entire coastal ecosystem. Coastal wetlands
also play vital roles as habitats for wildlife, waterfowl,
and migratory birds. Wetlands are also able to filter
pollutants and to hold and absorb water, which can
reduce flood peaks by as much as 80%.

Sediment fluxes and vegetation are linked by com-
plex processes. We can highlight two types of major
processes. These are (1) the trapping processes of
sediments (organic matter and mineral material) which
initiated the deposit patterns and induced impacts on
vegetation (succession and structure) and (2), therole of
the plant communities on the wetland functioning. Once
avegetation cover has been established, it is shown that
both geomorphic and hydrologic parameters change as
soon as the allochtonous processes of plant succession
develop. Especialy in the long term such mechanisms
of influence are of paramount importance.

Summary of interventions

Considering at the same time morphol ogy and ecol-
ogy, the possible soft protection interventions become
more articulated. As an example, soft protection inter-
ventionshave been considered asthe approach to achieve
renaturalization objectivesin thedeltaic fringe of the Po

Table 1. Objectives for renaturalisation.

Diversification of emerged areas level

Restoration and maintenance of beach and dune systems
Restoration of ‘valli’® inland waters

Interventions of naturalistic re-qualification

Reorganization and coastal vegetation.

Improving environmental conditions that are favourable to spontane-
ous vegetation in the lagoons and valleysinland. Reduce/remove any
animal competitors.

7  Wetland restoration

8  Diversion of river branches

OO WNPRP

1*vali’ =italian for artificially enclosed wetland.

Delta in the northern Adriatic Sea (see Capobianco
1996). Such objectivesaresummarizedin Table 1. They
represent apossible trandation specific for the Po Delta
of the idea of alowing for changes at the margins and
guarantee open and adaptable solutions, especially for
those situationsthat are seriously compromised by local
subsidence and lack of sediment.

We can summarize the most significant types of
interventions that can be adopted to ‘drive the natura
dynamics and to ‘trigger changes' in the three classes
listedin Table 2. Few examplesare a so described asthe
most significant ones that certainly benefit from the
adoption of integrated evaluation models. The external
driving forces are susceptible to change by direct and
indirect consequences of human activities. Before an-
thropogenic changes can be addressed, however, the
relative importance of various sediment sources, the
effectsof changesinrelative sealevel, and the effects of
the wave/wind climate on coastal erosion and accretion
must be better defined, particularly with respect to the
role of episodic events, such asfloodsand storms, which
may have important long-term implications. Moreover,
an understanding and description of the role of biologi-
cal processes in sediment trapping and sediment cohe-
sion is certainly necessary.

Theinterventionsof Table 2 can beepisodicintime,
repeated, or periodical (consider asan example of artifi-
cia beach nourishment or of morphological restoration
of salt marshes). The adoption of one sol ution or another
should be justified in relation with the principle of self

Table 2. Classes of soft interventions with examples.

Sediment regulation

« Modification of sediment fluxes (from adjacent riversaswell as

the dry beach or dune field and the shoreface)
Geomorphological intervention

» Modification of dune field

« Modification of beach configuration

« Change of marsh configuration

« Progressive adaptation of marsh boundaries

» Maintenance of marsh boundaries

Vegetational intervention
« Introduction of anew plant community
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design, the principle of ecosystem conservation and
should of course take into account (socio)-economic
considerations.

Discussion and Conclusions

In order to contribute to a better definition of soft
intervention technologies, it is from the above perspec-
tives that we are devel oping conceptual models for the
guantification of the volumetric budget for the design
and analysisof complex coastal zone maintenance strat-
egies based on nourishment techniques. The activities
will alsofocusonthedevel opment of behaviour-oriented
practical tools for long-term modelling of volume
displacements under different scenarios of environmen-
tal forces (wave climate, tidal range, wind patterns, etc.)
and management options (location, seasonality and rep-
etition of nourishment, etc.).

The morphological part of our soft protection tech-
nologies development benefitted from the support of the
PACE and the SAFE Research Projects undertaken in
the framework of the Marine Science and Technology
Program of the Commission of the European Communi-
ties. Applying the physiographic unit approach, the
integration between coastline modelling, coastal profile
modelling and modelling of dune dynamics is consid-
ered. The development and validation of beach profile
and shoreline evolution numerical modelsisthe core of
the application of the new methodology on the seaward
side. It shall include improvements of existing medium-
term process-based profile evolution models to fill the
gap between their present capabilities and the field
applications we are focusing on. Such improvements
will include the link between the dune and aerial beach
with the surf zone, aeolian transport on the beach and
the wind effects on return offshore flows, the inclusion
and prediction of grain and density sorting. Develop-
ment of long-term behaviour-oriented practical tools
form the basis for the new methodology and will be a
large part of thisactivity including profile and shoreline
evolution models.

Careful validation of thesemodelswill beanintegral
part of this development also taking into account that in
coastal ecosystemswith active benthic systemsthereare
feedbacks from ecology to hydrodynamic and sediment
transport processes which make it necessary to directly
couple complex ecosystems model s to morphodynamic
models.

Trandation of the modelling efforts findings into
performance indicators encapsulating aggregated and
integrated behaviour and effects of soft beach and shore
protection solutions relevant to management will be
aimed at in the context of amore comprehensive devel-

opment of recommendations so asto enablethe applica-
tion of our efforts by coastal zone managers and policy
makers.
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