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Executive Summary

This paper aims at discussing the evolving role of coastal GIS vis-a-vis: (i) the inputs from the 2001 Millennium
Declaration by the United Nations and the 2002 Plan of Implementation adopted by the World Summit of Sustainable
Development (WSSD), together with some associated materials from inter-governmental organisations; (ii) the
changing approach to coastal integrated management (ICM), and (iii) the proclivity to use indicators in this field.

A starting basis (Table 1) is designed, where the background approaches and concepts arising from three
turnaround events, namely, the 1972 UN Conference on the Human Environment, the 1992 UN Conference on
Environment and Development (UNCED), and the 2002 WSSD, are considered. This leads to discuss the evolution
to the representation and understanding of coastal reality, the subsequent inputs in designing the coastal system
and coastal management, and the geographical coverage of coastal plans and management strategies. Bearing this
breakdown in mind, the need for scientific assessment arising from the political milieus is taken into account. Four
key needs are examined: (i) the need to closely refer the coastal system to the external environment, both regarded
as realities undergoing to climate change (natural external environment) and globalisation (socio-economic external
environment); (ii) the need to consider the environmental component of the coastal system according to an
ecological perspective, where the properties of the trophic webs, particularly biodiversity, are the foci; (iii) the need to
include the cultural heritage in the framework of representations of the coastal system; and (iv) the need to optimise
the decision-making system conforming it to the sustainable development principle (ecological integrity, economic
efficiency, and social inter- and intra-generational equity).

This discussion is framed into a breakdown where the evolution in coastal management is compared to those that,
since the late 1950s, have been characterising the Information Technology (IT) including Geographical Information
Systems (GIS), and the Internet technology. It leads to design a stage-based model where the management
approach to the coastal system is conceived as a pathway parallel to those of GIS and Internet. As a matter fact,
these three processes have proceeded along concurrent pathways moving from a pre-take off stage, which marked
the 1960s, to the take-off and drive to maturity stages, to berth to the present maturity stage. This stage-based
approach justifies believing that a thirty-year process, during which the demand of research — expressed by the
improving concept of coastal management, and the increasing availability of technical tools, based on GIS and
Internet technology —have reached a turnaround point.



Table 1 B Turnaround events concerned with coastal management

1972
UN Conference on the Human Environment

Background materials

Declaration on the Human Environment

Main consequences

Environmental protection claimed as the key issue. Following the USA Coastal Zone Management
Act (CZMA, 1972), the wave of national provisions on coastal management arose.

Background approach

§  Sector-related approach to management and planning operated.
§  Only a few cardinal coastal resources considered.
§  Pollution and coastal erosion regarded as the fulcrum of environmental policy.

Geographical coverage

Only a strict coastal fringe assumed as the coastal coverage for management plans and actions.
Administrative (landwards) and jurisdictional (seawards) criteria, or arbitrary criteria (iso-distance
lines from coastlines or baselines, applied.

1992
UN Conference on Environment and Development (UNCED)

Background materials

Convention on Climate Change
Convention on Biological Diversity
Agenda 21, Chapter 17

Main consequences

The contextual pursuit of ecological integrity and economic development adopted.
Coastal management programmes on the national and local scales diffused.
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Climate change, and subsequent impacts on the coastal systems, regarded as the cardinal
issue of the external environment.

8§  Human pressure on the coastal zone considered as a crucial issue.
8§  The holistic consideration of the resource use structure increasingly perceived as essential.
§  Coastal management guidelines circulated by the UN organisations and programmes.

Background approach

Integrated coastal management, as recommended by Agenda 21, Paragraph 17.3, adopted.

Geographical coverage

Coverage of management programmes widened, particularly seawards, where the jurisdictional
zones, including the Exclusive Economic Zone (EEZ), have been progressively regarded as
relevant.

2002
World Summit on Sustainable Development (WSSD)

Background materials

8 Final Declaration
§  Plan of Implementation

Main consequences

8§  Climate change, and its subsequent impacts on coastal systems, better monitored and
understood.

§  Ecological integrity increasingly regarded as the first essential prerequisite to pursue
sustainable development.

§  Coastal areas regarded as key spaces to ensure food security.

§  The protection of indigenous techniques on fisheries, and on other coastal uses, regarded as
essential to coastal sustainable development.

Background approach

Integrated management assumed B assumed as the contextual pursuit of ecological integrity,
economic efficiency, and cultural diversity protection B confirmed.

Geographical coverage

Trends triggered by the UNCED-related materials continued in order to widen the geographical
coverage, seawards covering extended jurisdictional zones, and landwards covering the river
basins.

Related cardinal events

2001: Convention on the protection of und erwater cultural heritage

Background materials

Convention on the protection of underwater cultural heritage

Main consequences

§  Submarine cultural heritage included in the whole world cultural heritage under protection;
§  State coastal state’s stewardship encouraged to widen;
8§  Submarine landscape assumed as relevant to management




In order to explore the prospects inherent to the present conditions, a double question is discussed: (i) what scientific
subjects have just arisen, and what are going to arise, from the political arena, and, as a result, (ii) what challenges
are expected be dealt with by the scientific community. As regards the former question, the intimate nature the
coastal GIS representation is taken into consideration framing it into a triangle of representation which embraces : (i)
coastal reality (the ontological component of coastal knowledge building), (ii) the representation, consisting in signs
having a metaphorical role vis-a-vis reality (the semiotic dimension of coastal knowledge building), and (iii) the
signified attributed to the representation, consisting of explanations and theories (the hermeneutical dimension of
coastal knowledge building). Where a mono-semic, deterministic relationship is supposed linking the sign with the
signified, a modern, rationalist representation takes place, according to which objectivist knowledge is presumed to
be built. This kind of representation is congenial to the present speculative background on which coastal GIS, like
any kind of GIS, are based. It is adequate to represent ecological and socio-economic realities, in that relying to the
relevant components of the sustainability principle B ecological integrity, and economic efficiency B but it is no so
adequate to represent the coastal culture, which cannot be framed in rationalist, objectivism-inspired, approaches.
The alternative option is a representation postulating a poly-semic linkage between the sign and signified. This does
not lead to explanations but towards something weaker, which could be called the coastal discourse. Therefore it is
adequate to build up subject-referred representations, in that meeting the need to focus on culture, which is
pertinent to the third component of sustainable development, i.e. social intra- and inter-generational equity. Bearing
in mind that, following some inputs from the WSSD materials, and from recent UNESCO materials, culture is
expected to acquire an increasing role in coastal representations, the need to integrate the explication- and
discourse-aimed background approaches may be regarded as crucial.

Inputs from the inter-governmental organisations to coastal management lead also to discuss how three scales may
be jointly taken into account in coastal GIS building: (i) the thematic scale, according to which representation moves
from the cognitive to the prospective and the normative levels; (ii) the geographical scale embracing the global,
national and local spaces; and (ii) the time scale embracing past and future with reference to natural and socio-
economic processes.

This discussion is completed by sketching a menu of questions challenging coastal science and, in particular,
coastal GIS: (i) the prospect of considering the external environment, which the coastal system is linked with, as the
starting basis for coastal GIS-representation, in that reverting the conventional approach, where the coastal system
is considered first, and then some attention to the external environment is posed; (ii) the need to represent the
natural processes, as well as the interaction between human communities and Nature, using the concept of cycle;
(iii) the increasing need to provide knowledge of the natural features and processes of the coastal system focusing
on its ecological conditions; (iv) the utility of considering the resource uses according to holistic criteria, namely as
structures where elements are linked by relationships of various content, from conflicting to beneficial. Moving from
this breakdown, two tentative ranges of subjects are considered, respectively leading to building up objectivist and
subjectivist representations of coastal reality.

As regards the objectivism-supposed knowledge building, a triptych of issues is considered essential for improving
coastal GIS: (i) the coastal population growth with special consideration of urbanisation processes, where megacities
have played the role of fulcra; (ii) human security considering it as embracing food and health security, both closely
relevant to freshwater management; (iii) coastal natural disasters and extreme events, focusing on the impacts from
climate change and human pressure. The need to build up indicators to monitor and evaluate the above-mentioned
processes is discussed bearing in mind that: (i) the UN Commission on Sustainable Development (UNCSD)
adopted the Driving Force-State-Response (DSR) model, (ii) this model was conceived by the UNCSD with
reference to the national scale; (iii) it has been essentially adopted in dealing with ecological processes and
conditions, while less attention has been attributed to socio-economic processes, and culture has been left in the
background.

As regards the prospect of building subjectivism-implemented knowledge in representations provided by coastal
GIS, attention is attributed to some recently-designed inputs from the UNESCO, focusing on their relevance to
intangible culture and cultural landscape. The concept of cultural landscape is considered jointly with the design of
the 2000 European Landscape Convention (ELC). These subjects lead to frame intellectual and spiritual
manifestations into possible coastal GIS designs. The triggering role of this prospect is due to the fact the such
manifestations cannot be investigated by using positivism-, structuralism- and general system-inspired criteria. How
problematic would be the design of indicators is also discussed. As a conclusion, a multi-faced fascinating, but
theoretically and methodologically demanding, prospect comes to the fore. It includes three discussion arenas: (i)
the ontological arena, consisting of changing coastal reality, (ii) the semiotic one, consisting in the role of
representation, and (iii) the hermeneutical one, consisting in the production of signified moving from representation.
The more science will be able to deal with these arenas contextually, the more coastal GIS will gain effectiveness.



1. Emerging po litical approaches

Following the UN Millennium Declaration , which prescribed to design and operate «environmentally integrated water
management» joining fresh and marine waters, the Plan of Implementation, adopted by the World Summit on
Sustainable Development (WSSD, 2002, Par. 29D34), outlined a thematically ample approach to coastal and ocean
management, emphasizing that «oceans, seas, islands and coastal areas form an integrated component of the
Earth’s ecosystem and are critical for global food security and for sustaining economic prosperity and well-being of
many national economies, particularly in developing countries». This statement leads to prefigure an articulated
range of concepts and operational guidelines, where integrated coastal management (ICM) is regarded as the
cardinal tool to pursue sustainable development in these milieus, and inter-disciplinary approaches are consequently
regarded as essential tools. Ecosystem-referred approaches, integrating decision-making processes, facing
ecological stress, optimising the use of biomass for food security, mitigating conflicts between resource uses,
dealing with natural disasters and extreme events, are the main points discussed by this extended documents, which
constitute the fulcra of expected approaches. The needs to protect indigenous cultures and, where possible, to apply
indigenous techniques in resource uses, are mentioned in various points. These newly-designed inputs are to be
framed in a general, ideological context where the sustainable development principle is re-confirmed as it was
enunciated in the 1992 UN Conference on Environment and Development (UNCED), namely as the contextual
pursuit of (i) ecological integrity, (ii) economic efficiency, and (iii) social intra- and inter-generational equity.

These elements converge to show how intensively the WSSD approach mirrored the efforts that, since the mid
1990s, the United Nations (UN) have been displaying to implement effectiveness along two pathways. First,
effectiveness along the political pathway is expected to be implemented as a result of the establishment of more
intense integration along the vertical co-ordinate B i.e., between inter-governmental , governmental and local
decision-making centres B as well as along the horizontal co-ordinate, i.e. between governmental and non
governmental organisations operating at the same level. This design emphasises the need to look for more efficient
collaboration between science and policy, in that operating the approaches recommended by the World Conference
on Science (WCS). Secondly, effectiveness is expected to be achieved within the scientific arena since both the
WCS and the WSSD Plan of Implementation assumed inter-disciplinarity as essential to provide knowledge tailored
to implement holistic approaches to the ecological and social contexts.

These two needs, involving the decision-making and the scientific systems, are closely referred to strategies and
actions which are supposed to be undertaken to tackle impacts from climate change. Bearing in mind that, at the
present time, about 80 percent of human actions are concerned with terrestrial or aquatic milieus, it derives that GIS
are expected to be concerned with the most part of the policy-referred knowledge that will be essential to pursue the
goals designed by UNCED and re-defined by WSSD for pursuing sustainable development at any geographical
scale. In this respect, coastal areas B meant as a wide interface involving the land and marine continental margin
(Figure 1) b are acquiring increasing relevance since they are going to host two thirds of the world population
together with some of the most complicated networks of resource uses.



Figure 1 — Profile of the coastal area
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Moving from this intriguing framework, a key question arises, i.e. along what direction and how GIS may help
pursuing the UNCED and WSSD goals referred to coastal areas. To contribute to discussions in the field, first, the
state of the art of coastal GIS vis-a-vis the political design of coastal management will be considered. Then
discussion will shift to those orientations that, at the conceptual and methodological levels, coastal GIS may
expected to adopt, and to those subjects that could constitute the thematic fulcrum of innovative GIS-based
representations.

2. Emerging scientific topics

To deal with the first issue, namely with the need for scientific knowledge which has arisen from the institutional
milieus, some background designs and principles emerging from the 1972-2002 UN events may be considered
focusing on how they are concerned with ICM. The mainstream designed by these events with respect to coastal
management (Table 1) shows some characteristics which are closely inherent to the prospects of implementing the
use of GIS in the field. As regards coastal management, first its teleological evolution is worthy of consideration.
From the economic growth and protection against pollution, which were the goals pursued in the early 1970s, in the
early 1990s the coastal management objective has shifted to the contextual pursuit of ecological and economic
goals to end, at the present time, with the consideration of cultural identities. Contextually with the evolution of goals,
the content of coastal management has widened in both the environmental and socio-economic components. As
regards the former arena, in 1992 the environmental component of the coastal system was identified in the
ecosystem, therefore calling for more specific investigations on a biological basis, therefore widening and innovating
the conventional physically-oriented approach. As regards the latter arena, management programmes have shifted
from the consideration of a few resource uses, namely those uses which have acquired a chief role in the individual
coastal areas, to the whole use structure, including the use of cultural heritage. Finally, the geographical coverage of
coastal management programmes has continued to widen, particularly seawards, where increasingly wider
jurisdictional zones have been regarded as worthy of being focused on by strategies and actions. In the framework
of this multiple-feature process, some specific points are worth discussing due their close relevance to the GIS use
in the field.

First, as regards the external environment with which the coastal area interacts, and that is worthy of consideration
in the prospect of implementing GIS, a significant evolution has solidified: in 1972, the Final Declaration on the
Human Environment did not attribute any relevance to climate change, a issue that during the subsequent decade
would have been included in the agenda of scientists; by way of contrast, in 1992, the adoption of the Convention on



Climate Change, together with the associated guidelines of Agenda 21, Chapter 17, led to attribute cardinal
importance to the impacts from atmosphere warming on coastal areas; finally, in 2002, the problématique dealt with
by the WSSD, together with that faced by the UN Millennium Declaration, led to associate globalisation processes
with climate change, in that outlining a complicated framework of impacts worthy of analysis for management -
purpose investigations.

Secondly, in 1972 the environmental context was essentially assumed as a combination of physical and chemical
processes, therefore attention focused on the abiotic components of the ecosystem. By way of contrast, the 1992
materials designed a more comprehensive approach, considering the ecosystem as whole and attributing a cardinal
role to its biotic components.

Third, in 1992 some, although marginal, consideration was addressed to cultural heritage, particularly to that of
indigenous people living in small islands and small island states. In 2002, the whole approach from the WSSD
materials was considered together with the UNESCO documents, particularly the Convention on the protection of
underwater cultural heritage, and it led to conferring a chief role to sustainable development-aimed management of
cultural heritage.

Fourth, the materials from the 1992 and 2002 events converge to focusing on the need to optimise the decision-
making systems, therefore encouraging the scientific community to investigate this subject area.

These four subjects B concerned with the external environments, the ecosystem, the cultural heritage and the
decision-making context B are expected to give increasing inputs to coastal GIS, at least along two directions: (i)
the conceptual and methodological enlargement of representations in use at the present time; (ii) the design and
operation of new kinds of representation, differing from the conventional ones either from the theoretical and
methodological perspectives. To sketch a vision of these perspectives, it could be useful to consider the concurrent
evolution of the coastal management approach, the GIS rise and implementation, and the changing role of
telematics with the final aim of identifying what stages they have passed through, as well as what stages they are
directed towards. In this respect, Table 2 designs a four stage process.



Table 2 B GIS, Internet and Coastal Management: Concurrent pathways

Time Geographical Information Systems Internet technology Coastal management
190s
1%7 Project of Advanced Research Project Agency, ARPAIN
theUSA
1960s. Pre take-off stage
General  Implementation df automatic cartogaphy. Design ¢ Implementation d the Arpa. project and sucaessul Objective:  face coastal erasion; o implement single Lses.
feaures  GIScorcep. design d anetwork Geographical coverage: theshaeline
1%5 Laboratory for Computer Graphics, Graduate
School of Design & Harvard University ( H. Fisher)
1%5 SYMAR, amappng rackage capable d prodicing
isolines, choroplethes and oximal maps
Caredian Geographic Information System (CGIS),
by Roger Tomlinson The rame GIS adopted.
198 Commissonon Geographical Data Sensing and
Processing d thelGU (Char R. Tomlinson)
199 ERI (Envirormental Sysem Research Institute) First nework, Arpanet, established by the University of
California & Las Angeles
1959 Intergraph
late 1960s  Computer Aided Cartography (CAC)
1970s. Take-off stage
General  Opeation 6 GIS. Integation d mappng and Bxpeaimertal activities cortinued Objective: protection d theabiotic componerts of the coastal
feaures  daabank design andtechnology ecosyders, implementation d sets of uses. Geogaphical
coverage azore wide thantheshaeline

1971 CGISfully opeational

1972 Preliminary design d the Intemet protocol Adogiion d the Coastal Management Act (CZMA) by the USA

1972 Find Declaration ¢ he UN ®@rference onthe Human
Developmert

1977 Prospects on coastal managerment by the UNSecretary-Generel
(Doc E/5971)

1979 Estabishmert of the Intemet Corfiguration Control- ICC

19B0s. Drive to maturity stage
General  GISdiffusion anong avariety of agencies at any Opeation d theworldwidecivil service system Objective: asinthe pevious dage Geogaplical coverage:
fedures  decision-making level seanards, some jurisdictional zones; landnerds, the an
increasindy wider zone
ealydec. Odyssey, the pototype d contempaary vector GIS

182 UN @nvertion orthe Lavof heSea(UNQOS) adopted

183 Transmission Control Protocol (TCP) appliedto Arpanet

183 Arpanet disaggegatedinto Minet (military service) and

Intemet (other services)
1990s. Maturity stage
General  GISdiffused in many sedors. GISlinkagewith  ntemet in any sector used. Objective: 1 operate IOM. Geographical coverage landwerds,
feaures  Internet established proclivity to cover widejurisdictiona zone, in some case
includng the Exdusive Economic Zones (EEZs), and to extend
the coverage to thewhole river basin.

192 UN @rference on Environment and Development (UNGED):
Agenda 2ladopted includng Ch 17 onintegrated coastal
managenmert.

192 FAO oncoastal managemert guidelines drculated

1993 World WideWeb (WMMW) diffused
The World Bank, Noadwijk, guiddines onlCM circulated

193 IPCCguddines onICMcirculated

193 OECDguiddines on ICMcirculated

1993 Globd Ocean Observing Sysem (GOCP) operational

194 The 1982UN @nvertion onthe Law of the Sea (UNC.OS)
erteredinto force

195 UNEPgLuiddines onICMcirculated

197 10C guddines on ICM circulated

199 UNEPguiddines oncoastal area andriver basin joint
menagemert circulated

199 European Code d Conduct for Coastal Zones (ECCQ@) by the
Council of Europe adopted

2000 Design and successful opeation & Intemet-based European Landscape Conventionby Council of Europe adopted

as

201 UNESCO Conventionon the Protection ¢ the UnderseaCultural

Heritage dopted




PRE TAKE-OFF STAGE B This stage, which unfolded during the 1960s, was marked by the association
of three steps which were converging to design some potential interplays. In the geographical arena,
Information Technology (IT) led to successfully experiment the Computer Aided Cartography (CAC)
and, as a follow-up of this initial input, it led to design the concept of Geographical Information
Systems (GIS), proposed by Roger Tomlinson and extensively discussed and implemented in the
framework of the Commission on Geographical Data Sensing and Processing of the International
Geographical Union (IGU). Meanwhile, the first Arpanet network was successfully experimented within
the University of California at Los Angeles (UCLA). These initial steps were associated with the rise of
concept of coastal management. It was a strict concept, of course, since management was essentially
referred to coastal erosion and a few key uses, such as seaports, and only the shoreline was
considered as a potential geographical coverage of programmes and actions. Nevertheless, it was a
promising step.

TAKE-OFF STAGE D This stage solidified in the environment-sensitive atmosphere triggered by the UN
Conference on the Human Development (1972). Although the three processes under consideration
continued to evolve without any actual linkage, their potential interaction strengthened. GIS benefited
from technical advance and, what is more significant, from an increasingly efficient linkage with the
database design; the Internet Protocol Configuration (IPC) was conceived; the USA adopted the first
act in the world dealing with coastal management (Coastal Zone Management Act, CZMA, 1972), and
the UN adopted the concept of coastal management as a key field for international co-operation .

DRIVE TO MATURITY STAGE B During the 1980s the GIS diffused in the arena of governmental agencies
and in many other milieus of public administration, while the Arpanet system led to the operation of a
worldwide civil service system and, meanwhile, it fruited from the application of the Transmission
Control Protocol (TCP). Coastal management was involved by the impacts from the adoption of the
UN Convention on the Law of the Sea (UNCLOS, 1982) which encouraged governments to widen
seawards the management geographical coverage with the aim of involving increasingly larger marine
belts. This process took place while the collaboration of the UN system with governments was
strengthening under the umbrella of key organisations and programmes, such as the FAO, UNEP and
IOC.

MATURITY STAGE B The conversion of these three modules B coastal management criteria, GIS, and

telematic techniques B in operational fields occurred in the mid-1990s, as a result of political and
technical advance, and it gave place to a cumulative process which, in the history of ocean affairs,
was unprecedented and unexpected. The GIS technology diffused in any civil use, in that abandoning
the close milieus of the experts and becoming socially perceived as an essential tool for monitoring
environmental processes and resource uses, designing optimum decision-making apparatuses, and
others. The Internet system led to circulate and diffuse not only databases, but also software,
therefore opening the prospect of managing GIS in a cybernetic format. Coastal management entered
a new phase marked by the concept of integration, a ambiguous but triggering theoretical approach,
while human communities were perceiving how increasing were the human pressure on coastal areas,
and how risking the impacts from climate change. It that context, the rise, implementation and diffusion
of coastal GIS, associated with the newly-born problematique of coastal management, and
increasingly supported by the evolving IT and the Internet system, was a key event, the beneficial
consequences of which have not still wholly diffusely and socially perceived.

The above sketched breakdown justifies believing that a thirty-year process, during which the demand
for coastal research, expressed by the evolving concept of management, and the availability of
technical tools, consisting of GIS and Internet technology, have reach a convergence point, and that a
new process is going to start. It is expected to be reasonably marked by two cardinal and mutually
acting inputs: on the one hand, the changing ideas of the coastal system and ICM; the expanding
instrumental endowment to deal with the need for knowledge building and action designs, on the
other. The more these needs are properly and opportunely perceived by the scientific community, the
more the cumulative effects of the interaction between management, GIS and Internet diffuse. In order
to explore this prospect, a double question may be discussed: (i) what scientific topics have just
arisen, and are going to arise, from the political arena, and, as a result, (ii) what challenges should be
dealt with by the scientific community.



3. Designing a discourse of GIS representation

As far as GIS have been technically implemented, and they have been linked with the use of
telematics, the awareness that their effectiveness would have increasingly depend on the
improvement of the concepts on which they have been based, has spread out. This has led to
consider and discuss the role of this instrument in representation building. Essentially, the cardinal
guestion is to design what kind of representation may be operated using GIS. Where the assumption
that GIS marked the most profound and influential phase in the representation of Earth surface during
the history of modernity is shared, it would be useful if discussion of the role of GIS could be carried
out by referring to its role in the rationalist cartographic arena.

In this respect, a GIS-sensitive discourse of representation may start considering that representation
of reality arose as a result of the association of two inputs. The first input arose from the Cartesian
rationalism, which in the second half of the Seventeenth century led to represent reality in terms of
elements linked to each other by cause-effect relationship, and to using this concept in the Earth's
representation by reducing the geographical space to an abstract Euclidean space. The second input
arose during the following century, and was due to the Kantian approach, according to which time and
space are to be assumed as a-priori categories of knowledge building. As a result, time was thought of
as an arena where objects are represented in a temporal sequence with the aim of exploring the
relationships among these, and space was thought of as an arena where the objects are represented
according to their location. These two postulates were framed in a speculative vision oriented to
investigate the linkage between perception and representation, implying the exploration of linkage
between the subject and the object, with the final aim of designing the boundaries of the objectivist
representation, in that dealing with a crucial issue of geography.

As a result of the convergence of these two basic inputs, the modern design of representation came to
the fore, and deeply differed from the pre-modern one, in that giving shape to what Olsson called the
«modern cartographic reason». The pre-modern approach was marked by the proclivity to mirror
reality, including geographical reality, according to the principle of similarity B what Foucault (1966)
called rassemblance Pwith the aim of building up an understanding close to the meaning of cum-
prehendere (put together), in that capturing what was disclosed by a transcendent subject,
encapsulated in the world. By way of contrast, the modern approach was triggered by the need to
discuss the profound raison d'étre of reality, meant as what is hidden within objects, and what that
may be discovered only by understanding the cause-effect relationships between the components of
the object itself. To move towards such an ambitious target, representation was not conceived as
mirroring reality but as consisting of a model simulating reality, in which the visible, contingent and
ephemeral features of the object are replaced by an ordered set of elements and related attributes.
This approach moves from the object to the sign, i.e. from reality, which gives shape to the ontological
dimension of the representation process, to its model, which consists of the fulcrum of the
representation and pertains to the semiotic dimension of this process. The pre-modern similarity
principle is replaced by the modern proximity principle, since representation is something more or less
close to the object but it doesn’t mirrors it. This is a result of the attitude, connatural to modernity, to
represent the world as an image. In its Holzwege Heidegger emphasised this crucial intellectual
turnaround event by stating that the speculative dimension of understanding how modernity elected
the representation as its key distinctive element consisted in the conversion of the world into an
image. It is not the modern image of the world, but the world as an image, what characterises
modernity. This is the reason why representation has become the cardinal cultural dimension of
modernity. Since the Kantian thought assumed time and space as the core categories of knowledge
building, the representation of the Earth surface has acquired a crucial role in modern culture.

To perceive how delicate and speculatively intriguing is, in this framework, the discourse of GIS, the
step subsequent to the construction of the sign is to be considered. The signs, which representation
consists of, form the basis from which to move towards the signified, meant as whatever kind of
explanation attributed to reality by the interposition of the sign. According to the modern approach to
knowledge building, the sign relating to the individual object may change only in two circumstances:
first, where the object changes, e.g. the representation of climatic regions of the world changes where
the atmosphere warming is to be taken into consideration; secondly, where the order congenial to the
object is better discovered, e.g. the representation of climatic regions may change when a better
understanding of the greenhouse gases is achieved. In the former case representation changes in
parallel with an ontological change, while in the latter case it changes in parallel with a new perception
of reality. In both cases, the change in representation leads to change the subsequent signified,
namely to adjourn, to confute and to replace it, and so forth. But what is connatural to the modern



approach is the postulated existence of a univocal, mono-semic, relationship between the sign and the
signified, i.e. between the representation and the explanation. The individual sign must lead to one,
and just one, signified. The poly-semic relationship between the sign and the signified is not admitted
as not pertaining to science, because it is conflicting with the rationalist approach to knowledge
building. This key feature will be re-considered later on, in relation to the problématique of the GIS
design, while here how representation has evolved moving from the rise of modern culture may be
taken into account.

As the rationalist representation has become the fulcrum of modernity, a watershed has solidified
between the scientific and non-scientific knowledge, the former being supported by the consideration
of reality in terms of the cause-effect principle, and being keen to build up knowledge according to the
proximity principle, the latter persisting in representing reality in keeping with the similarity principle B
in short, the former pertaining to science, and the latter remaining relegated in the domain of religion
and art. Scientific representation has been carried out and implemented first by positivism, which
dominated the science development in the Nineteen and in the early Twentieth centuries, and then by
structuralism, which dominated during the mid Twentieth century. The univocal relationship between
the sign and the signified was the fulcrum of the faith in human ability to build up objectivist knowledge
of reality, including geographical realities.

Moving from this basis, during two centuries, i.e. from the Enlightenment atmosphere to the core of the
Twentieth century, coastal realities were usually represented by separately considering its land and
marine components. The coastal land was progressively represented as a fringe subject to
urbanisation, seaport development, tourism implementation, in short as a part of the ecumene
undergoing increasing human pressure. The coastal marine component, consisting of the shoreline
and, lato sensu, of the continental shelf, was represented focusing on its morphological features. In
recent decades only the interaction between these two components started being represented by
using the background concept pf cycle: it has acquired a leading role in describing the marine erosion
processes exacerbated by atmosphere warming, and the feedback between land-based pollution and
impact on health of human coastal and island communities. This new approach has been
progressively marked by environmentally-sound cartography, which had complemented the physically-
oriented conventional mapping.

In the course of the 1980s, and more diffusely during the 1990s, this map patrimony became the basis
from which to move toward GIS-based representations. Indeed, in its initial step it was self-evident that
any GIS representation ought to deal with a couple of needs, and the more representation would have
been inclined to sustainable development principle, the more these needs would have strengthened
their demanding character. The first need was the building up digitalised maps embracing both land
and marine areas. The relevant difficulty was essentially due to the circumstance that, in a number of
countries B for instance in ltaly B there were two distinct, methodologically differing, cartographic
apparatuses respectively inherent to the land and sea. Hence, the building up of effective coastal GIS
required an intense and expensive work of cartographic harmonisation. The second need was
concerned with the building up of maps representing the web of relationships between human
pressure, marked by complicated frameworks of resource uses, and the ecological context.
Traditionally, mapping has been much more inclined to represent natural features than the human
ones, and has no experience in holistically representing the web of coastal uses. Moreover, as
regards the natural features, mapping has been concerned with the physical ones, leaving the
ecological ones in the background. In conclusion, This couple of needs designs the first background
guestion of the coastal GIS-based representation, namely how to holistically build up representations
of the human and ecological components of coastal reality.

During the 1990s, just after the UNCED, another dimension of representing coastal realities came to
the fore. Adopting an extensive interpretation of the 1972 Convention on the Protection of Cultural and
Natural Heritage, UNESCO started dealing with the protection of cultural landscape and, later on has
enlarged its protection strategy from intangible heritage, which had been focused till that time, to
intangible culture. The circumstance is relevant because coastal areas, together with countless small
islands, are depositories of cultural heritage B in terms of languages, myths, believes, music, folk
traditions, and others B many of which have been endangered. Where included in coastal GIS-
referred approaches, this cultural endowment not only enlarges the subject area of representation but
also brings forth a demanding need. As a matter of fact, intangible culture largely consists of hyper-
realities ® namely imaginations, visions, mental maps, and so forth B which cannot be represented

according to objectivist criteria, therefore they escape the traditional mapping criteria, and are
conflicting with the above-discussed rationalist cartographic reason. This circumstance leads to the
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second background question, namely how to set up representations of coastal features which, in their
nature, cannot be faced using cause effect-based criteria, and how to combine rationalist with non-
rationalist approaches.

Bearing in mind the inputs from the inter-governmental arena, as they are displayed in Table 1, and
the evolution of GIS in the framework of its cyberspace-concerned diffusing manifestations, it may be
shared that a couple of prospects have arisen. The first is a thematic prospect, since coastal GIS have
been encouraged to take into account (i) those inputs from UNCED Agenda 21 which have not yet
met, (ii) those inputs from the Millennium Declaration and WSSD that may be regarded as an
implementation of inputs from UNCED, and finally (iii) those inputs that UNESCO has generated
during the 1990s and afterwards. The second is a conceptual prospect, since coastal GIS may be
regarded as an arena where the need to integrate objectivist and non-objectivist representations may
be dealt with, therefore discussing and experimenting how innovative representations may be
associated to the conventional ones. To evaluate these prospects, a discussion tool is proposed,
which may be named and the representation triangle (Figure 2).

Figure 2 — The discussion model of coastal representation
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The intellectual pathway, along which the representation process unravels, may be imagined as
moving along a triangle whose vertices respectively represent the object, the sign, and the signified.
The vertex hosting the object is concerned with reality, in our case coastal reality, meant as the whole
coastal system, or some its elements, such as the local ecosystem or resource uses. This vertex,
which shows the starting basis of the representation-based intellectual pathway, is called «the
referent» according to the semiotic language. It pertains to the ontological dimension of our discourse.
The second vertex hosts the representation of the object, which is called «the sign» by semiotics. As
far as GIS are concerned, the sign may be essentially assumed as the duo «database, digital map».

The relationship between the sign and the referent is metaphorical, in the sense that the former is a
metaphor of the latter. In keeping with the rationalist approach to representation, the sign designs the
order inherent to the referent B more coherently with rationalist speculation, one could say that it
discovers the hidden order B therefore it consists of something which is near the referent but does not
mirrors it. When the sign, in our case the representation of the coastal system or some of its
components, is traced, the knowledge building process leaves out the referent and it assumes the sign
as the basis from which to go on. It derives that, since they represent the coastal reality through an
intense metaphor-building process, GIS become the core of coastal knowledge building (Figure 3).
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Figure 3 — The triangle of coastal rationalist representation
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The third vertex is reached moving from the sign, and according to the semiotic language it hosts the
signified. «Signified» is an extended conceptual category which embraces any kind of explanation,
from theories to narratives, such as that of development, to end to the meta-narratives, such as that of
the inevitable linkage between science and progress. As has been mentioned, the rationalist approach
to knowledge building postulates a univocal, determinist, relationship between the sign and signified.
Moving from one sign, only a signified may be achieved: the sign is the cause and the signified is the
effect. Changes in signified may be brought about in two cases: (i) where the sign changes, e.g. as a
result of changes in reality; (ii) where the sign is refuted as a result of improved representation
methods or techniques. This leads to design the knowledge as a process consisting of historical
sequence of signifieds, which changes in signs may lead to B but any signified included in this
sequence is a determinist products of the sign. Where this assumption is shared, it may be deduced
that all those components of coastal realities that may be represented according to the cause-effect
principle, namely through rationalist approaches, are the sources of this kind of knowledge building.
Coastal ecological, economic and social realities form part of this epistemological process, while
culture, particularly intangible culture, does not. Finally, the signified provides concepts, methods, and
justification, to change coastal reality by adopting governance designs, management programmes,
and individual actions. The inputs from the signified to the referent close the triangular cycle of
representation: its starting point is reality, and its final point is changing reality. Hence an uninterrupted
evolution in thought and action, triggered by representation tools, arises.

In order to discuss whether and how a representation antipodal to the above-mentioned Cartesian
approach may be conceived, Figure 4 may be taken into account. As it shows, the non-rationalist
representation differs from the rationalist one for three reasons. First, because a similarity-based
relationship is assumed between the sign and the referent, i.e. between the GIS representation and
the coastal system. Secondly because a poly-semic relationship is assumed between the sign and the
signified by contrast with the mono-semic relationship assumed by the rationalist representation.
Third, because a mere comprehension of coastal reality is presupposed as the target of knowledge
building, while rationalism presupposes to achieve explanation.

At this point may be useful to emphasise that, whatever approach to representation is shared, the GIS
are conceptually the final step of a pathway which:

8§ moves from the design and production of information, where «information» is meant according
to its etymology (i.e., from the Latin in-, formare, «giving shape»), namely as conferring a form to
the object, and to determine and define its attributes;
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§ leads to the geographical information, meant as a geographical approach informing about
spatial realities, in that giving forms to object endowed with a spatial location and extent; and

berths to the Geographical Information System, meant as an information apparatus where all the data
are geographically indexed, in that giving shape to a close association between databases and
mapping.

Figure 4 — The triangle of coastal non-rationalist representation
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The consideration of the techniques marking this pathway leads to identify a parallel itinerary, which (i)
moves from Information Technology (IT) meant as any kind of computer-based tool for collecting,
processing and distributing data, (ii) passes through the Digitalised Cartography (DC) including
Computer Aided Cartography (CAC) and more or less associated with Computer Applied Design
(CAD), and (iii) berths to GIS technology, where IT and CAC are intimately associated (Figure 5).

Figure 5 — GIS in the framework of information roles and technologies
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4, The coastal GIS problematique

As a result of the improved conceptual approach, the role of information in modern society, and of the
technological advance triggered first by the use of computer technology and more recently by its
association with cyber-technology, at the present time GIS are characterised by a wide range of
implementation prospects, which intensively involve coastal GIS. In this respect, it is worth considering
that coastal GIS are concerned with all the goal-referred levels of knowledge building, namely the
cognitive, prospective, and normative levels, all nourished by quantitative and qualitative information
(Figure 6). Due to the fact that the quantitative data are much more congenial to digitalised mapping
and computer-based information than the qualitative ones, the lesser databases and any other
information apparatuses consist of the latter, the more they may be successfully used.

Figure 6 + Representation level connatural to coastal GIS
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The cognitive level is assessment-oriented and, to various extent, it may be referred to historical series
of data. Therefore it implies considering the timescale question, whose problematic characteristics will
be discussed just later on.

The prospective level may consist of projective or scenario-referred procedures. As is well known,
projective procedures are based on the presupposition that the attributes of coastal realities evolve
along linear trajectories. As a result, these procedures operate mechanistic representations, which by
their nature are not consistent with the need to investigate such a complicated system. By contrast, to
various extent the scenario-based procedures may design alternative configurations of the costal
systems, or of its individual components, therefore going more or less successfully away from
mechanist approaches. There is no doubt that linear visions are easier to be included in GIS-rooted
representations, but any effort to adopt scenario-rooted ones could be welcomed.

The normative level leads to design strategies, plan, management programmes B sensu lato, projects
b through which human action vis-a-vis the coastal system may perform. It is not only a matter of
setting up the so-called Decision Support Systems (DDS) but it is also a matter of evaluating what
kinds of scenario, marking the prospective level of representation, are most consistent with the final
goal of pursuing coastal sustainable development by conforming to the integration principle. The
present state of the art is characterised by coastal GIS widely dealing with the cognitive level, less
involved at the prospective level, and least engaged at the normative level. As a result, a demanding,
but intriguing pathway displays (Figure 7), i.e. that of implementing and improving the prospective and
normative levels of the representation.
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Figure 7 = The role of data and the relevant definition of their scale

PROJECT DESIGNING

Time and space ,
scale of data

data
SCENARIO BUILDING *—r5csssimg— ASSESSMENT

Literature in the field has attributed remarkable importance to the time scale definition of GIS-related
representation There is no doubt that the problematic features of this definition has special relevance
to coastal GIS, particularly where they aim at supporting strategies and actions consistent with the
ICM principle. In this respect, it could be useful if the timescale issue would be framed in a
comprehensive discussion pertinent also to the geographical and the topical scales, therefore calling
to the fore a conceptual rectangular matrix {x;, yi}, such as that of Table3, where rows {x;} host the
topical scale of the GIS-based representation of the coastal system, and columns {y} host the time
and space scales.

A few concise comments seem opportune. As is well known, human actions in coastal areas may
consist in the adoption of ICM programmes, which essentially are based on holistic views embracing
the ecosystem, the resource use structure, and the interaction between the coastal system and its
natural and social external environments. Frequently, the thematic extent of the coastal system
involved in human actions is not so wide because actions are restricted to some individual
components, such as seaports and tourism, therefore giving shape to a small need for GIS
representation. Whatever approach is designed, a couple of geographical scales is relevant, since
representations should be concerned with the coastal area per se b i.e. with the land-marine space
involved in actions B and with the geographical extent of the external environment with which the
coastal system interacts. In this respect, the external environment may be considered according to two
perspectives. Where the ecological features and processes of the coastal system are focused on, the
cardinal question is to understand how atmosphere warming, climate change and subsequent
changes in biogeochemical cycles are likely to involve the local ecosystem. As a result, the local-
global ecological interaction arises, and climate change-based scenarios may be useful, in that
following guidelines provided by the Intergovernmental Panel on Climate Change (IPCC) and
recommendations by UNEP. Where the economic organisation and the social context are considered,
the cardinal question is to understand how globalisation processes, together with processes
concerned with the meso-regional geographical scale, are relevant to the sustainable development of
the coastal system. As a result, socio-economic scenarios, which may keep in mind analyses by inter-
governmental organisations and programmes P such as those by the World Bank, UNDP, FAO, and
OECD b are opportune, in that focusing on the local-global socio-economic interaction (Figure 8).
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Figure 8 = The local + global interaction with respect to coastal systems
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When analysis is carried out at the cognitive level, the timescale of GIS representation is concerned
only with the past (historical scale). Differently, it requires to be extended to the future when
prospective analyses are operated, particularly where they aim at building up scenarios. As is well
known, the timescale remarkably varies moving from the ecological to the socio-economic contexts. In
the former case, thousand- and hundred year-based investigations are needed to focus on geological
and geomorphologic processes, while century- and decade-based investigations are useful for
focusing on climatic processes. Scenarios and expectations are usually referred to the present
century. In the latter case, i.e. when socio-economic processes are considered, the decade is the
most frequent term of reference in use. In particular, scenarios concerned with the coastal system may
be restricted to the mid- or to the end present century (Figure 9).

The question of space is not only concerned with the individual coastal areas, which programmes,
plans and actions are referred to, but also with the national framework of data which may be
processed and used by planners and managers. In this respect, the building up of the National
Geographical Information Infrastructures (NGII) is worthy of consideration since the more these tools
advance in terms of data extent and processing methodologies, the more effective GIS. It could be
useful if some initiatives are undertaken by experts in coastal GIS with the aim of optimising the
sensitivity of NGII to the specific features and needs of ICM. This task may be carried out by designing
sets of data endowed with a double specification: (i) the time and space scale specification, in order to
meet the above-discussed needs; and (ii) the specification of the final goals of their inclusion in
databases, which may be concerned with the need for assessment, for scenario-building and for
project-designing (Figure 7).
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Figure 9 + The approach to timescale in coastal GIS
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To a various extent, discussion on the space scale calls to the fore a background option inherent to
the geographical fulcrum of representation, i.e. that of focusing on the space or on the place. Its
relevance to coastal GIS is remarkable since in this kind of representation both needs b i.e. that of
focusing on places, and that of focusing on spaces D are perceived as essential according to the
individual issues under consideration, and according to the perspective from which then consideration
is triggered. Critical geographical analyses of this option emerged in the mid-Twentieth century as the
discussion about exceptionalism catalysed the attention from many geographers. In that context, it
was discussed if the geographer ought to:

§ focus on spaces, namely on more or less extents of the Earth surface, with the aim of
identifying their homogeneous and uniform features B the former being concerned with the
structure and relevant functions, the latter with the form B with the final aim of discovering the
order which the individual areas and regions are endowed with; or

§ focus on the individual places, with the aim of assessing and representing their peculiarities, in
that abandoning the prospect of discovering the order connatural to the geographical space but
acquiring an adequate understanding of the connotations of places.

This discussion has implicitly gain new interest vis-a-vis the need to protect biological diversity, which
is recommended by the UNCED materials, and the need to protect cultural diversity, which has been
increasingly emphasised by UNESCO. It is not the case to discuss in detail the speculative and
operational implications brought about by the individual option, nevertheless two background
considerations may be useful for better understanding what role may be acquired by coastal GIS
according to the option chosen. Where the option of space is chosen, a Cartesian approach,
according to which the order congenial to the coastal organisation is discovered, may be operated.
This approach is apt to deal with any feature and process that may be described as a structure, i.e.
any ecological and economic context, but it reveals increasingly inadequate moving from the
economic to the social, and particularly to the cultural, contexts. By way of contrast, where the option
of place is chosen, the structuralist representation cannot be operated, but the best conditions to deal
with cultural features and processes arise.

These two approaches differ also for another reasons: the structuralist approach, congenial to
investigations of spaces, is supposed to build up objectivist knowledge of any reality, including the
coastal one. By way of contrast, the non-structuralist approach, congenial to investigations of places,
is supposed to build up subjectivist knowledge. As a result, the present discussions, aimed at
prefiguring possible implementation pathways of coastal GIS implementation, may proceed
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considering first the prospects and challenges relevant to the objectivist, structuralism-inspired,
approaches, and then the subjectivist ones.

Table 3 — The use-use relationship framework

Category Geographical ecoverage Jurisdictional extent
land sea-land sea national territorial continental
space sea shelf

Conservative fruition

1 Ecology-based heritage J J J J J
2 Cultural heritage J J J J
3 Land- and seascape J J J J
4 Non physical heritage J J J
Primary production

5 Agriculture J J J

6 Breeding J J

7 Woods and forests J J

8 Aquaculture J

9 Fishery J

10 Extractive industry J J J J

Second ary produ ction

11 Water J J

12 Energy J J J J J

13 Manufacturing industry J J

14 Engineering J J J J J J

Tertiary production

15 Residential settlements J J J

16 Transportation J J J J J

17 Merchant seaports J J J J

18 Airports J J J

19 Pipes and cables J J J J J J
20 Tourism and recreation J J J J J

21 Research J J J J J J
22 Defence J J J J J

23 Management J J J J J J
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5. The objectivist approach: Some conceptual challenges

There is no doubt that the vast literature on global change, assuming it as climate change and
subsequent biogeochemical processes, has given strong impetus to reasoning patterns consistent
with structuralism- and the general system-based thought . Moving from this epistemological basis,
four questions concerned with the logical perspective from which to deal with coastal systems may be
discussed.

Primacy of the external environment B As is well known, the conventional approach to coastal
management focuses on the coastal system and then considers the external environment, therefore
attributing a marginal role to the latter subject. Moving from a global change-triggered basis, the
opposite pathway is followed, according to which investigations move from the external environment to
berth to the coastal system. This implies, first, the connotations of climate change- and globalisation-
referred being defined, and then the features and processes of the coastal system are framed in this
vision (Figurel0). This approach requires adequate conceptual and methodological tools to be
designed in order to assimilate the coastal system as a system evolving un relation to its capability of
prefiguring what inputs are expected from the global scale, and of designing proactive strategies,
aimed at mitigating the relevant constraints and at taking the best benefit from opportunities.

Figure 10 £ The role of external environment in coastal GIS building up
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Cycle-referred approaches P Literature on climate change and subsequent processes has given rise
to an expanded attitude to represent the natural processes in terms of cycles, moving from the climatic
cycle towards the various erosion cycles, and to end to an ample variety of biogeochemical cycles.
This approach has been reflected on the representation of man-nature interaction, since many
relationships between human communities and the local ecosystems are described as feedback
processes according to which human communities address endangering inputs to the ecosystem, and
the ecosystem reacts jeopardising the health security. This representation, for instance, is usually
adopted to investigate the retroaction provoked by pollutants and contaminants, such as mercury,
which are discharged through land-based sources into coastal marine waters, then they are
encapsulated in fish organisms and, finally, they go back to human communities as food. The cycle-
referred representation has not still became an explicit part of coastal planning but the wide scientific
audience that it has gained in the scientific arena justifies prefiguring that it could be included in the
main agenda of GIS designers.
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Ecosystem-referred approaches B As is well known, the 1992 UNCED assumed the ecosystem as
the fulcrum of the representation of nature, in that differing from the 1972 UN Conference on the
Human Environment, which concentrated on the physical and chemical conditions. As a result, a
certain proclivity to deal with Nature according to this broad concept B which considers the life
processes as crucial B has come to the fore and has solidified. It should be expected that the coastal
GIS would be increasingly encouraged to root the representation of the natural milieu on the
ecosystem as a whole, concentrating on its biocenosis, namely on the organisation of its trophic webs,
and making efforts to monitor the local ecological conditions and processes in terms of land
ecosystems, marine ecosystems and ecotones, essentially with the aim of measuring their
productivity, biodiversity, and resilience B which form a triptych of properties adequately indicating
how largely the ecological conditions are consistent with the sustainability concept.

The holistic approach to resource uses B The conventional approach to coastal organisation consists
of the consideration of the individual resource uses, emphasising those that are socially perceived as
essential or as crucial. This approach is justified by the Cartesian principle of reduction according to
which the coastal use structure B like any structure B has to be reduced into its components, and
each component has to be individually investigated with the final aim of reaching a synthesis. By way
of contrast, an approach consistent with the concept of ICM ought to be holistic, i.e. the resource use
structure as a whole ought to be faced in order to identify its behaviour, and to design what target it is
moving towards. Moving from this design, the key resource uses may be focused on, framing them
into a holistic breakdown. In this respect, the use structure may be thought of as a square matrix {U;,
U;, where i = j} representing the use framework and the relationships between uses. Table 3 shows a
possible classification of uses, where the main categories of coastal uses are clustered according to
the principle of sustainable development. Such kinds of coastal use framework may be regarded as
bases for designing matrices where the relationships between resource uses are shown. An example
is presented in Figure 11. In matrix building a cardinal issue needs to be tackled relating to the design
of types of relationship to be taken into account. A very simple taxonomic approach could lead to
identify: a) the absence of relationships, b) the existence of relationships, and to subdivide group b)
into i) conflicting relationships, and ii) beneficial relationships. Where relationships need to be
taxonomised according to the principle of sustainable development a classification may be tentatively
designed distinguishing the use-use relationships according to: a) the absence of relevance to
sustainable development, b) the existence of relevance, and distinguishing group b) according to their
relevance is i) positive or ii) negative. It is no use emphasising that this is just one of the possible
approaches to a holistic consideration of coastal uses and, in any case, it is to be assumed as a mere
starting point to investigate and to represent the whole coastal economic organisation B a subject
which is expected to gain increasing relevance to the GIS use.

The cardinal role of the above discussion framework consists in showing how ample would be the
change in the concept building where coastal GIS are tailored to the need arising from the evolution in
coastal systems, from the newly-designed political approaches, and from the changing social
perception. This is another signal of how wide and intriguing are the implementation prospects of
coastal GIS. Bearing in mind the above tentative presentation of the main challenging conceptual and
methodological issues, attention may shift to those subjects that are expected to arise where coastal
sustainable development is pursued according to the inputs from the 1992 UNCED and the 2002
WSSD. In this respect, first those subjects which are concerned with the building up of objectivist
representation of ocean reality may be considered, then discussion may move towards those subjects
that cannot be tackled by adopting objectivist approaches.
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Figure 11 + A matrix representing the coastal use structure
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6. The objectivist approach: the role of representations

Moving from the 1992 to the 2002 approach, the UN attention to the coastal population growth has
remarkably increased. In various paragraphs, the key preparatory document reporting the discussion
held in Paris at the 2001 UNESCO/IOC International Conference Oceans and Coasts at Rio + Ten,
stresses the need to face the increasing human pressure brought about by the joint population and
tourism increase in coastal areas. By its nature, this pressure is endangering the local ecological
conditions and the cultural heritage. As far as the GIS problématique is concerned, two concurrent
needs have emerged, consisting in the consideration of the population increase per se, and its
concentration in vast urban structures giving shape to large urban contexts, including megacities.

As regards the population increase, many investigations, including those hosted in the UNEP Atlas of
the Oceans (www.unep.org), have been carried out on the global scale in order to give a
comprehensive view of this spatial process. Considering this subject with reference to the national
scale, two approaches may be operated, respectively consisting of the Land/Coastline Pressure
Indicator and the Coastal Human Pressure Indicator. The Land/Coastline Pressure Indicator (LCP)
may be estimated by:

Lcp=L>
CL

where LS indicates the State's land surface (sg km); and CL indicates the State's coastline length
(km).

Despite the difficulty of finding homogeneous data on coastline length, the LCP indicator can be used
to estimate that, on the Earth as a whole, there are 197 sq km of land surface to every km of coastline,
although this ratio increases to approximately 268 for the continental states, and decreases to 30 in
island and archipelagic states.

This indicator, pertaining to physical features, may be complemented by estimates concerning the
ratio of the world population to the world coastline length. Hence, the Coastal Human Pressure
Indicator is expressed by:

CHp = WP
CL

where WP indicates the number of the world's inhabitants; and CL indicates the estimated world
coastal length.

Figure 12 + The Land/Coastline Pressure (LCP) and the Coastal Human Pressure (CHP)
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This approach estimates that, at the end of the Twentieth century, there are on average about 11,000
inhabitants for each km of coastline, decreasing to about 2,000 inhabitants for island states, and
increasing to about 12,000 inhabitants in continental spaces. This is a result of an exponential rise in
human populations during the second half of the twentieth century. By way of contrast, at the
beginning of the Twentieth century there were 2700 inhabitants for each kilometre of coastline; by the
end of World War I, this figure had reached 3,900 inhabitants, rising to 6,300 inhabitants in the early
1970s and 9,000 by the time of UNCED (1992). In the course of the century, human pressure has
therefore increased more than four times, and 2.3 times since World War Il (Figure 12).

The above breakdown, as well as the representations operated by the UNEP, may have an
introductory role to the consideration of human pressure at the sub-national scale, which is usually
needed when GIS are built up for management and planning purposes. In this respect, it should be
noted that this data does not take the tourism pressure into consideration, which by contrast should be
taken into account when GIS for management and planning purposes have to be designed. As
regards the spatial manifestations of coastal population increase various classifications and figures
have been recently adopted, including the megacity concept, indicating a urban structure of at least 8
million inhabitants. This has been regarded by the Millennium Declaration (2001) and the preparatory
materials to the WSSD as the conceptual fulcrum for optimising spatial strategies. According to the
current estimates there is an increasing concentration of megacities in coastal regions, particularly in
the inter-tropical latitudes, where the developing world extends (Table 4).

Table 4 B Trends in population growth and coastal megacities

1970 1990 2010 1990: 2010:

1970 1990
global population, billions 3.8 5.3 135 1.40 2.54
coastal megacities, no 7 13 20 1.85 1.53
Id., in NICs and developing countries 4 9 16 2.25 1.78
population of coastal megacities, millions 80 160 320 2.00 2.00
average population of megacities, millions 11.4 12.3 16.0 1.07 1.30
percentage of population of coastal megacities to global 2.1 3.0 4.5 1.42 15

population
Sources: Nicholls (1996); documents from the UNCED PrepCom.
NIC: New Industrialised Country

This spatial process is closely relevant to the need to design urban planning sensitive to the ecological
protection and the pursuit of human security. As regards the ecological protection, the impacts from
both human communities and climate change are worthy of joint consideration, tentatively according to
the breakdown presented in Table 5. As regards human security, the awareness D testified by the
discussions and statements included in the Millennium Declaration and the WSSD Plan of
Implementation Bthat water management has become a chief concern has diffused. In this regard, a
vast part of coastal areas is expected to be affected by more worrying issues than the other parts of
the world, at least for two reasons, both relevant to the conditions of aquifers. The first is a physical
reason, since the marine erosion, to the extent to which it is accelerated by the atmosphere warming,
brings forth an increasing pressure of marine waters against the aquifers with the subsequent intrusion
of the former into the latter. The second reason is social, since the population increase, jointly with the
increase of per-capita water consumptions, brings forth an increasing withdrawal from the aquifers,
therefore laying them to the saltwater intrusion. This issue, which is regarded as increasingly crucial by
UNDP, is concerned with two social key conditions of the coastal system, i.e. food security and health
security.

Food security implies agriculture and stock farming on land, and contextually fisheries and aquaculture
at sea, to be properly focused on by coastal management programmes and planning. In this respect, it
is no use noting that all the three documents by the inter-governmental arena B namely, the 2001
Millennium Declaration, the Report from the 2001 Conference on Oceans, Coasts and Islands, and the
2002 WSSD Plan of Implementation B in many parts recommend to optimise fisheries by adopting
adequate approaches to the ecological management, and to the safeguard of indigenous techniques.
As a result, coastal GIS are implicitly encouraged to include the biomass exploitation as a whole in
their representations. This task is demanding for many reasons, first of all because the food
production has become conflicting with an extended number of other uses in many parts of the coastal
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and island world. On land, conflicts have diffused between agriculture and stock farming, on the one
hand, and residential uses, manufacturing plants and seaport development, and tourism, on the other.
At sea, fisheries have been diffusely endangered because of land- and sea-based pollution, and have
become widely conflicting with other sea uses, from the offshore manufacturing and seaport uses to
navigation and maritime transportation. Inter alia, acute conflicts have been spreading out between
aquaculture and any other coastal uses. Representing this complicated framework, together with
designing subsequent scenarios and possible plans and programmes, may be likely considered as the
most binding task that, at the present time, coastal GIS ought to tackle. In this respect, the prospect of
using the materials of the Land Use and Land Cover Change (LUCC) programme, convened jointly by
the International Union for Science (ICSU) and the International Social Science Council (ISSC) could
be helping.

Table 5B The Global Change Framework Involving Coastal And Island Cities

The Triggering Process: Atmospheric Change
Estimates: 2100
Near atmospheric warming
increased in ° C from 1850 high: 6.5-7.0°C
moderate: 4.0-4.5°C

low:3.0°C
@

1)

Sea-level variations

rise in cm from 1980 high: 0.9 m
moderate: 0.5 m
low: 0.2 m

Major issues for coastal cities caused by climate change and sea-level variations:
change in land uses; flooding; subsidence © (Nicholls 1996).

Major biogeochemical cycles involving the urban milieu and the main relevant concerns

Cycles Concerns
marine erosion changing impacts on man-made structures and facilities
CO, climate shift
metals potential toxic effects
micro-organisms public health risk
radioactive waste disposal public health risk
new chemicals toxic effects on man and organisms
new energy production alteration or disturbance of habitats
deep-sea mining increased turbidity, seabed disturbance

1. Estimates are deducted from the technical materials on which the UNCED was based, and reflects the perception of the
climate change when the coastal cities started to considered it as relevant to their policy.

2. Wigley (1992); Nicholls and Leatherman (1995a; 1995b);

3. Nicholls (1996);

4. The approach to cycles is from GESAMP (1982) and reflects the view of the global change at the time in which the
International Geosphere-Biosphere Programme (IGBP, 1990) was about to be designed.

Coastal health security may be faced by moving from the representation of the aquifers conditions that
have been just talked about. Moreover, there is the need to include the conditions of coastal
communities in GIS representations, bearing in mind the need to distinctly consider the conditions of
the individual social categories and the ethnical articulation. In this respect, it could be useful if the
data and indices which the UNDP has assumed as relevant to this subject area, and which are
displayed in the annual Report on Human Development, are taken into account. The health conditions
are part of the social conditions of human communities, therefore it could be helpful for the pursuit of
sustainable coastal development where the GIS representation would frame the former into the latter
(Table 6). Also in this respect, the methodological approaches by UNDP, and particularly the synthetic
indices that this UN body has designed to focus on the social conditions, may be considered as a
basis for designing specific parameters to monitor coastal human contexts.
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Table 6 B Time sequence of indices conceived by the UNDP

Year Index Object

1990 Human Development Index, HDI To provide a holistic estimate of the life quality and to
compare it to the per-capita income.

1992 Political Freedom Index, PFI To measure the level of political freedom.

1995 Gender-related Development Index, GDI To give a synthetic idea of the life conditions of the female
component of the community.

1995 Gender Empowerment Measure, GEM To measure the gap of social conditions affecting the
female component of the local community vis-a-vis the
male one.

1997 Human Poverty Index, HPI To evaluate the deprivation level of the community.

1997 Human Poverty Index HP1 As above, with reference to developing countries.

1997 Human Poverty Index HD2 As above, with reference to industrialised countries.

An increasing need to adopt specific approaches to ecological and human vulnerability of coastal
system has diffused, and the social perception of its relevance vis-a-vis the associated impacts of
climate change and human pressure has been also expanded. This implies GIS providing adequate
representations of at least two categories of factors exacerbating coastal vulnerability, namely natural
disasters and extreme events. As regards the former, coastal GIS may find the conceptual and
methodological approaches from the International Strategy for Disaster Reduction (ISDR), in that
following the inputs from the WSSD Plan of Implementation.

It is no use saying that the above breakdown of the coastal management-concerned subjects and
issues, which may be dealt with through objectivism GIS representations, is not exhaustive.
Nevertheless, if is sufficient to show how extended are the prospects in the field. Whatever subject is
included in representations, there is no doubt that, where the inputs from the inter-governmental arena
are assumed as the focal points of reference, indicators are to be used. This prospect has been
strongly encouraged by the intense discussions held in the framework of the inter-governmental
organisations, particularly in the UN system, with specific reference to the implementation of
sustainability-aimed political approaches, and by discussions convened in scientific events on coastal
management , such as the Workshop on The role of indicators in integrated coastal management
(Montreal, Canada, 2001), and it is going to catalyse increasing attention from literature. There is no
room, here, to deal with this newly-implemented aspect of coastal representation. It may suffice to
draw attention on three circumstances which, to some extent, have influenced the approach from the
coastal GIS designer.

The first circumstance is concerned with the conceptual design of the indicator. As is well known, the
UN Commission on Sustainable Development (UNCSD) adopted the Driving Force-State-Response
(DSR) model, according to which three cardinal groups of indicators are to be regarded as essential to
pursue sustainable development: (i) the indicators measuring and evaluating the forcing role of natural
and social factors in changing conditions relevant to the ecological, economic and social conditions,
particularly to those which are relevant to the prospect of proceeding along sustainability-aimed
pathways; (ii) the conditions of the coastal systems with specific reference to its ecological and socio-
economic modules; (iii) the responses that these two modules may give to the inputs. It is self-evident
how widely this conceptual approach is consistent with the general system theory, which leads to
frame the local systems into their relevant external environment, and it is inclined to design the
interaction between these two realities B the system and its external environment B in terms of inputs
and responses. Nevertheless, it is worth noting that other conceptual approaches, more or less distant
from the UNCSD-adopted one, have been designed and operated. As a result, the coastal-GIS
designer has to make choice between a certain range of solutions.

To some extent, this choice is related to the second circumstance, which calls the spatial scale of
reference to the fore. As is well known, the indicators were assumed by the UNCED Agenda 21 and
subsequent materials from the UN, including the ample documents produced during the preparatory
phase to the WSSD, as monitoring and evaluation tools to be used on the national scale. Many of
indicators, which have been designed in the UN arena, included those on the human development
shown in Table 7, are defined in such a way as to be referred only to this scale. It derives that only
where the GIS-representation is concerned with an individual country, or a set of countries, the whole
set of DSR indicators which have been defined up till now may be used. Hence the consideration of
the local scale requires some binding issues to be dealt with.
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Table 7 B The scale framework of coastal GIS

Reference to the integrated geographical scale timescale
Topical extent development principle coastal  external past future
area spaces
ecological ecological integrity
economic economic efficiency
social social equity
GLOBAL

A part from the indices designed and applied by the UNDP, most indicators that have been conceived
in the framework of the UNCSD efforts, and that are concerned with the individual chapters of Agenda
21, refers to (i) the conditions of the local ecosystem and its responses to the climate forcing, (ii) the
impacts from human pressure, particularly from the increase in residents and tourists, and (iii) the use
of some cardinal resources, such as land and marine biomass. In so going, the social conditions have
been relegated into the background, therefore giving shape to an unbalance between the building up
of indicators according to the components of the sustainable development concept: the ecological
integrity is dealt with by an extended set of indicators, the economic efficiency by a quite limited
number of indicators, and social equity has not still be considered in depth. Hence, there is the need to
fill these gaps between the three components of the indicator endowment and, in so doing, the need to
integrate the inputs from the UNDP with those from other sources, such as the UNEP and FAO.

Finally, the third circumstance arises, since the background role of indicators merits being discussed
vis-a-vis their use in ICM, and vis-a-vis the related need to include them in the GIS representation of
the coastal system. As in any other operational fields, the indicator may play a double role in coastal
research and representation: a monitoring role, which aims at assessing the local conditions,
particularly the potential or actual ability of the coastal system to respond to forcing processes; and an
evaluation role, since indicators may measure the consistency of the local conditions, as well as that
of human actions, with the sustainable-development principle. Usually, the evaluation role implies
some thresholds being defined beyond these the ecological or the human community are supposed to
be jeopardised. For instance, when considering the ecosystem, the resilience thresholds, beyond
these the trophic webs are supposed to undergo some morphogenesis, are to be included in the GIS
representation, and the withdrawal thresholds from the aquifers, beyond which salination is supposed
to occur, are to be focused on. Nevertheless, many of these thresholds may be only discretionary
since no objectivist approach may be carried out. The more influential this constraint, the more the
evaluation role is weakened. This circumstance requires the methodological issue concerned with the
design of the individual indicators and their representation in GIS to be jointly dealt with.

7. The subjectivist approach: A real of ambiguity

The traditional scientific approach to coastal management, and consequently the approach to coastal
GIS-design, have faced only conditions and processes which may be described and represented
using objectivist methods B methods more or less influenced by a positivist, structuralist and general
system speculation. Nevertheless, in recent years the need to take into account also conditions and
processes that cannot be dealt with by using objectivist approaches have come to the fore. In this
respect, two inputs are indicative of the rise of a new trends, which requires the subject to be
introduced in our scientific pictures, therefore facing some demanding conceptual and methodological
issues.

A couple of inputs are going to strengthen this newly-born need. The first input may be regarded as
the latest step of the evolutionary pathways along which the UNESCO has proceeded since the 1972,
when the Convention on the protection of cultural and natural heritage was adopted with the aim of
identifying a world heritage and to transmit it to future generations (Table 8). As was mentioned in the
initial pages of this paper, this pathway has consisted of two phases. The first phase lasted two
decades and have been marked by the setting up and implementation of the World Heritage including
an increasing number of sites to be protected as components of the mankind's patrimony. Therefore
the political approach has been addressed to tangible culture, namely to something that could be
essentially investigated and represented according to structuralist criteria, in that presuming to build
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up objectivist assessment. Nevertheless, just after the UNCED, the prospect of UNESCO has been
widening by designing two strategies that, although being framed in the 1972 Convention, are
intrinsically able to open different approaches. Hence a second phase arose and has solidified.

Table 8 B Key materials from UNESCO

Materials Year Objective
Universal Copyright Convention 1952 To ensure a world protect ion of the intellectual patrimony
Convention on the Protection of Cultural 1954 To prevent the cultural patrimony is damaged or lost because of
Property in the Event of Armed Conflict war conditions.
Convention on the Means of Prohibiting 1970 To prevent from the cultural patrimony being transferred from a
and Preventing the lllicit Import, Export country to another therefore endangering the cultural identity of
and Transfer of Ownership of Cultural the individual countries.
Property
Convention on the Protection of Cultural 1972 To set up and implement the World Heritage list and, sensu lato,
and Natural Heritage to ensure the joint protection of the cultural and natural heritage.
Convention on the Protection of the 2001 To ensure the protection of the underwater cultural heritage
Underwater Cultural Heritage hosted in the continental margin.

The first strategy is rooted on the fact that the non tangible culture was included in the agenda of
initiatives to be carried out on various geographical scales, from global to multi-national, national and
local. Intangible culture encompasses music, art, folk, religion, language and any other cultural
manifestation inherent to the intellectual and spiritual dimensions of human life. It may be shared that,
in epistemological terms, this reality relates to the subject instead that the object therefore it cannot be
properly represented by using the same speculative background, concepts and methods that are
usefully in use for the consideration of tangible culture. Nevertheless, this reality is closely concerned
with the sustainable development principle, specifically with its «social equity» component, which may
be pursued taking the culture as a whole, tangible and intangible, into consideration. Therefore an
intriguing need has arisen which imposes to integrate objectivist approaches B provided by the
triptych formed by positivism, structuralism and general system theory B with other approaches,
sensitive to the intellectual and spiritual manifestations of culture, which cannot be assimilated to
structures consisting of cause-effect relationships between their elements. This need is closely
pertinent to coastal areas since most of these are marked by long histories during which cultures have
arisen, interplayed and evolved giving shape to a vast and rich heritage. As a result, the agenda of the
coastal planner and manager is expected to bring tangible and intangible culture together in strategies
and actions. As a result, science is expected to draw holistic approaches, and the GIS theory and
techniques are supposed to design adequate representation criteria.

Where these considerations are shared, the other, even more intriguing, dimension of this discussion
arises concerning the landscape. In this respect, three circumstances are worthy of discussion. First,
in parallel with the design of the strategy vis- -vis intangible culture, UNESCO designed the concept
of cultural landscape, meant as an environment where culture, essentially consisting of the
endowment of symbols and values attributed to places, is intimately integrated with nature in such a
way as to form a solid, unique reality. Secondly, the adoption of the 2001 Convention on the
underwater cultural heritage has open the way to consider the underwater landscape as a combination
of morphological features and signs of culture, from the wrecks to the remains. Finally, in 2000 the
European Landscape Convention was adopted according to which the social perception of the
landscape, which pertains to the intellectual manifestation realm, should be regarded as a crucial
aspect of strategies aimed at protecting the landscape through planning and management designs.

These innovations and related trends converge in showing that the concept of landscape is evolving,
moving from the conventional design focusing on the geomorphologic, and sensu lato, physical
features to the spiritual ones. More significantly, as regards the present discussion, these arising
approaches lead not to consider the landscape as a reality per se but as a product of perception by
human communities, namely as a reality filtered by the subject. In parallel, there is a diffusing
conceptualisation among geographers and within other disciplinary arenas that the landscape should
be designed in a broad sense, considering it as something embracing a plurality of realities, physical
social intellectual, and framing them in a unique vision, which is essentially cultural. Where regarded in
these terms, the concept of landscape breaks away from the objectivist view, which has been marked
by conventional theories, and moves towards new visions where the subject is the fulcrum. Hence a
challenging issue for scientific discussions has arisen, and it is expected to catalyse increasing
attention. This challenge is closely pertinent to the coastal, land and marine, landscapes because of
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their intense and diffused intellectual and spiritual connotations. This leads to convening a double
discussion, concerned with the theory of the landscape and the theory of GIS-based representation.

8. A multi-faced coastal discourse

The subjects just called to the fore, and the discussion which has been outlined in this paper make it
self-evident that rarely a subject area has been immersed in a rapid evolution comparable to that
which coastal GIS have been undergone. This unusual process has been triggered by a four-
dimension evolutionary path.

Evolution has solidified, first of all, in reality since during the second half of the past century the
coastal systems have been involved in consequences of accelerated climate change and have been
undergone by unexpected increase in human pressure upon the ecosystem, and by expanding
resource uses. This change, which is concerned with the ontological dimension of the coastal
discourse, has exerted a triggering role because it has brought about a uninterrupted conceptual
implementation, consisting of abandoning conventional approaches and by adopting new, sometimes
not so irrefutable, ones. As a matter of fact, the new approaches have been supported by concepts
implying some changes in the background ways to deal with reality. Hence the close linkage between
the changing ontological and the epistemological dimensions of the coastal discourse. The
epistemological dimension has acquired demanding features since it has posed the need to integrate
various approaches which are intrinsically rather conflicting. Nevertheless, this challenging dimension
requires to be dealt with, since the more effective the solutions to tackle conceptual and
methodological conflicts, and their relevant options, the more successful the role of science in
designing management and planning patterns. Evolution in reality and in science are associated in the
framework of rapid advance in IT, particularly in software designing, in that giving accelerated impetus
to GIS. Moreover, the recently-born prospect of using GIS in a cyberspace has opened new progress
avenues. The more these concurrent processes have evolved the more a feedback has taken shape
between the conceptual evolution, triggered by the conceptual changes, and the technical progress.
As a result, the more discussions intensify and expand the more the prospects of optimising the role of
GIS solidify.
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