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Abstract

Integration of coastal resources and human uses at local and regional scales has been a recent
priority in coastal management processes, in order to base coastal management policies on more
informed and effective decisions.This requires the combination of diverse and specific knowledge
of both environmental and human processes in the coastal zone. However, at the same time there
needs to be new approaches to scientific work capable of overcoming disciplinary boundaries
between scientific fields, and improve the knowledge integration phase. The purpose of this paper
is to look at one of the important challenges in Integrated Coastal Zone Management (ICZM)
processes: developing suitable and reliable information, that is easily accessible and consultable
according to management objectives, capable of giving decision making support about
environmental changes phenomena that take place in coastal zones. This article proposes a more
integrated scientific framework implementation based on cumulative approach of coastal socio-
environmental changes at local scale, that helps the integration of multi-disciplinary knowledge and
the idea of coastal spaces as a whole. Within this scientific framework, Coastal Zone Information
Systems (CZISs), are used as tools of coastal data processing, and play a special role in the
information integration phase.

Introdu ction

Conflicts between human uses and environmental resources in coastal zone are causing negative
social perceptions of the human modifications in coastal environments. In contrast to the more
optimistic beliefs held in the middle of twentieth century, there is currently an extended scientific
and social opinion which considers that human environmental changes in coastal zones are
damaging coastal resources (both natural and cultural), and that human influence is partly
responsible for recent coastal environmental risks. In this context, society demands that decisions
should be taken to manage the relations between coastal use and resources in a rational way. In
order to confront this challenge, current coastal zone management processes must consist in
social practices that should work in an integrated way. This means that they have to be based on
scientific criteria, good social communication and legislation adapted to coastal vulnerability. The
objective is to obtain a relational understanding of environmental processes and social phenomena
that take place in coastal zones to make, in each specific case, more suitable management
decisions and preserve coastal resources for future generations (Turner & Adger, 1996; Turner et
al., 1998).

However, it is not easy to obtain an integrated understanding of a concrete coastal zone. Until now,
the theoretical approach to coastal management is the only one that has experienced meaningful
progress, while the application of theoretical principles has created many difficulties. During the
third European conference of marine sciences and technologies that took place in Lisbon in 1998,
two main difficulties were highlighted (Burbridge, 1998).

The minimal development of political actions to manage the complex relationship between
ecology, economy and society in coastal zones.

The lack of suitable scientific information about coastal ecosystem functioning and the
complex relations between maritime and terrestrial systems. Especially the difficulty to transfer
this information to coastal management processes.



In other words: it is impossible to manage coastal zones in an integrated way without knowledge
about how coastal environmental systems operate and are modified.

The construction of a set of suitable and coherent information about the definition, evolution and
operation of coastal zones is essential during the knowledge integration phase of ICZM processes
(Comision Europea, 1999). The in depth study of coastal zones has interested the scientific
community since the 1940’s. During the 1960’s, several research centres specialized in the study
of coastal environment management, such as the Coastal Resource Center (USA) or the Institute
for Infastructural, Hydraulic and Environmental Engineering (Netherlands). From the 1970’s until
today, the interest in coastal zone study has been growing. The United Nations has organized
international conferences where they have discussed the definition and the state of coastal
environments and human development (Vallega, 2003). On the other hand, during the 1990s
coastal research programmes have developed, like the Integrated Coastal Zone European
Demonstration Programme, or the European Land-Ocean Interactions Studies (ELOISE) within
Land-Ocean Interactions in the Coastal Zone (LOICZ) international programme. Recently, in 2002
the European Parliament has launched The European Strategy on ICZM.

Although important results have been obtained, at the end of the twentieth century another difficulty
has appeared. The study of coastal zones, that is to say, the study of their environmental
subsystems and human ways of organization and intervention in coastal environments, is a
multidimensional reality. This means that coastal zones could be studied from several scientific
approaches, and thus diverse scientific knowledge is needed to obtain a complete vision of coastal
zones as a whole. This question obliges us to go beyond classical scientific approaches, which are
based on sectorial, simplified and isolated perspectives, and work with the relationship between
human and environmental sciences (Bru, 2000) in order to facilitate knowledge integration and
achieve an informed and complete vision of coastal spaces (Dronkers & De Vries, 1999).

An integrated scientific work methodology is needed in order to build, articulate and analyse
diverse knowledge of coastal zones to make an effective diagnoses. To do so, this methodology
should be equipped with a conceptual, methodological and technical framework that takes into
account coastal environments as maritime-terrestrial interface zones, the problem of spatio-
temporal study scales, and also overcoming boundaries between scientific disciplines and consider
the question of coastal environmental change. Using these criteria in coastal zone study is a very
novel issue, and few investigations have advanced on this research field with case studies that
propose the integration of different disciplines information about coastal zones at local and regional
scale. One of these investigations is already developing within INTERFASE project whose some
results on a case study are presented here.

In order to debate these questions, this paper is organized into three points. First, it proposes the
conceptual and methodological framework of coastal socio-environmental change on local and
regional scales, as a scientific method capable of integrating the diverse coastal knowledge.
Second, it considers the role that CZISs play as tools that give support to the coastal socio-
environmental change analysis. Although modelling coastal environmental dynamics is full of
difficulties, and CZISs themselves are still in progress, these spatial information technologies
complement the proposed scientific work methodology, thanks to their ability to process and
integrate data, and construct new coastal information. Finally, to illustrate the application of this
scientific framework, some results are presented based on the implementation of a CZIS in some
parts of the coastal zone of Catalonia (Spain).

The coastal socio-environmental change study at local and regional scales

Coastal zones are one of the most specific geographical spaces on Earth. They mark an interface
zone between the maritime, terrestrial and aerial environmental domains. All of them interact and
influence each other, so that a great variety of environmental processes take place in coastal
spaces with highly variable dynamics across space and time (Carter, 1988; Breton, 1996; Haslett,
2000). Many coastal zones, like the Mediterranean ones, have been historically influenced and
modified by the presence and activities of human societies. On one hand, coastal zones have
offered trade, conquest, migrations and defence opportunities. They have facilitated access to
many natural resources and they have contributed to the development of cultural values and
identities. On the other hand, coastal zones have restricted the degree of available resources, and
they have become a barrier for economical activities and communications (Braudel, 1966; Bartlett,
1994).



These arguments enable us to consider that environmental change in coastal zones is a
concomitant process with the human presence and coastal environmental dynamics. In this sense,
environmental changes in coastal zones become changes of a socio-environmental nature. There
are three main reasons to support this idea:

(1) Driving forces of a specific coastal environmental change process can be induced by
environmental or human causes, or by a combination of both. It depends on which spatial and
temporal scale the environmental change process is considered.

(2) Environmental changes can imply a social responsibility. Moreover, the social effects
produced require social responses (political actions) that can also influence environmental
dynamic changes at the same time.

(3) The historical presence of human societies in coastal zones and the traces of their
environmental modifications, give us arguments to consider that, currently, the majority of
coastal zones are realities historically produced by environmental and human factors. This
socio-environmental process comes from previous conditions that are also of an environmental
and social nature (Harvey, 1996; Swyngedou, 1999; Santos, 2000).

Socio-environmental change research has been carried out within the global change perspective.
From the systemic change approach, the International Geosphere-Biosphere Programme (IGBP) of
the International Council of Scientific Unions (ICSU) has progressed in the study of the maritime,
terrestrial and aerial interrelations combined with more specific programmes about ocean and
coastal zone interactions (LOICZ). Using the cumulative change approach, the study of land use
and cover modifications has progressed thanks to Land Use Cover Change research programme
(LUCC) (Lambin et. al, 1997). Also, the interest in the role of the human dimension of global
change has developed with the Human Dimensions Programme on Global Environmental Change
(IHDP) (Jacobson & Price, 1990; IGBP, 1999). A research project that has taken into account the
human dimension of coastal environmental changes, has been the European project
Archaeomedes. Thanks to it, it has advanced on the understanding of social and environmental
history of several Mediterranean coastal territories using a regional analysis scale (McGlade &
Picazo, 1999). Results obtained from this project are a first approach of long term coastal socio-
environmental changes. The study of changes on coastal maritime-terrestrial interfase zones is the
next step. The Coastal Research Group of the Universitat Aut no ma de Barcelona is following this
approach that we present on this paper.

Although important progress has been made, a research agenda for the study of socio-
environmental change for the coastal zones is needed to tackle the following issues (Fisher &
Jager, 1997):

Researching on small geographical areas at local and regional scale.

Researching on, specifically, coastal zones.

Improving the study of the driving forces of environmental change, their ecological and
social effects, and how coastal system functions are affected by environmental changes at
different scales.

Improving the selection and comprehension of socio-environmental change indicators.

Improving the quality of data and controlling error propagation.

The specific study of coastal zones has been developed, mainly, within the European programme
Land Cover Changes in Coastal zones (LACOAST). The goal of this programme consisted in
analysing and quantifying completely the land use and cover changes of emerged European
coastal terrestrial fringes during the time period 1975-1990. This task was realized with Landsat
satellite imagery within the CORINE Land Cover project (Perdigao & Loudjani, 1998). From this
regional information, it is possible to carry out coastal zone classifications according to their
dominant landscape type (Weber et. al, 2003). Also, using environmental accounting methods, is
possible to obtain trend indicators depending on coastal zones typologies. Until now, research
programmes of land use and land cover changes (LUCC, LACOAST) have only been based on
terrestrial changes study of along huge geographical areas. This paper proposes to go far beyond
of that, considering the socio-environmental change dimension at local and regional scale of small



geographical areas, having a view on their coastal land use and land cover changes, both
landwards and seawards, as a key variable to study socio-environmental changes at the coast.

As we have said in the introduction of this paper, ICZM consider as a priority the coastal resources
(natural and cultural) and resolution of human conflicts in an integration process. The study of the
evolution of changes induced by human use and actions on coastal resources, makes us look at
issues that can improve the understanding of how coastal environmental systems operate.
Moreover, if we better understand the socio-environmental history of a specific coastal zone, it can
give us ideas on how to manage this coastal space adapting the political decisions, social practices
and legislation to more complex and variable management situations. In this sense, the conceptual
framework of socio-environmental changes fits well to the requirements of local and regional
studies of coastal zone changes, and enables to work out more integrated vision of coastal
environmental processes and social phenomena:

(1) Cumulative changes can work on local and regional scales. Land use and cover changes
indirectly contribute to global change dynamics. They can also have direct global effects on a
regional scale (aforestation-deforestation, sea level changes, damage to benthic communities).
(2) The role of induced change factors is made relative, depending on the selected spatio-
temporal framework, opening the debate to suitable socio-environmental change analysis
scales.

(3) The historical human and environmental dimension is taken into account in socio-
environmental changes.

(4) The human dimension of environmental change obliges us to rethink the direct
relationships between cause and effect concerning change explanatory factors. This means
integrating social and environmental sciences within more open environmental change models,
like Driving forces-State-Impact-Response (DPSIR) (EEA, 1998). Accepting and taking into
account the diversity of coastal zone study approaches, should help to construct a more
relational overview within the explanations about environmental and human factors of socio-
environmental changes, thanks to work with diverse fields of knowledge that are
complementary to each other.

However, it is necessary to study in depth the socio-environmental changes of coastal maritime-
terrestrial interfase zones. Although some authors consider that landscape disappears on the sea
due to human influence is not apparently explicit, coastal marine fringes are also affected by
human processes that are not easy to observe, and they are object of environmental changes. In
this way, it would be convenient that ICZM processes recover the meaning of seas as “mirrors” of
what it is happening on terrestrial land including coastal fringes. For instance, some elements of
marine coastal landscape can be studied, like sediments or benthic communities. Environmental
quality of benthic communities are altered by human activities (harbours, coastal protections,
overexploitation of fishing, pollution by ocean outfalls), as the same happens with coastal terrestrial
ecosystems. On the other hand, monitoring processes on coastal seawards shows that certain
phenomena, like algal bloom, can be an indicator of environmental pollution, and their results are
related with phenomena that occurs on land (EEA, 2003).

The coastal socio-environmental change approach also offers applied principles that enable
combining other work methodologies to analyse how certain social and environmental parameters
change through time. One of these methodologies is the construction of local and regional socio-
environmental change indicators. Local Agendas21 and environmental audits in coastal areas are
good sources for local indicators (Breton et. al, 1996; Breton et. al, 2000). European Environment
Agency and other international organisms also have worked with indicators at regional and global
scales. Indicators contribute to a more integrated perception of coastal territories and show the
pressures existing along the coasts, measuring them in the right place where they happen.
(Paramo et. al, in press).

However, it is not easy to quantify and detect the relationships between driving forces of socio-
environmental change in the coastal zone. Changes in the dynamics are complex and affect each
coastal environmental subsystem at different rhythms, with different processes and at different
scales. From a human dimension perspective, this obliges us to consider the work with meaningful
indicators that need to be concreted for specific time periods. These have to be long enough to see



the environmental changes, but also meaningful enough to observe socially and environmentally
induced trends in these changes (Van der Leeuw, 1998; Weber & Hall, 2001).

CZISs and the socio-environmental change study of coastal zones

Coastal managers need to work with diverse data of as high a quality as possible to study the
coastal socio-environmental changes. Due to the fact that the coastal zone study is a
multidimensional reality, data is required from the coastal emerged and submerged areas including
economical, cultural, sociological, biological, geomorphological and aerial parameters. As much
coastal data and information have a spatial component, they can be georeferenced. In this sense,
Coastal Zone Information Systems (CZSIs) have become the most suitable instrument to process
and manage data and construct a coastal database.

CZISs offer an operational framework that can give support to the socio-environmental change
study and, thus, contributing to the building of a necessary new social perception of coastal zones
that enables developing better ICZM processes. GIS applications in coastal zones have
progressed most when they have taken into account both the ecological and human conditions at
the same time. According to Francois Cuq (1999), CZISs are scientific and technical tools that
allow a tangible link between the different parts of the coastal system studied as a whole. To do so,
CZISs have several abilities (Bartlett, 2000; King & Green, 2001):

(1) Spatial integration. Remote sensing information sources (satellite imagery, aerial
photography), combined with field work techniques, provide large and varied work scales of
coastal data that help to give a vision of coastal interface spaces as a whole.

(2) CzISs enable us to reduce temporal and spatial scales to more manageable dimensions
that facilitate the coastal scientists' and managers' work.

(3) As information technologies, CZISs enable us to construct digital and georeferenced
scientific databases. They can process huge sets of data very quickly, so they support data
integration.

(4) They use shared databases that facilitate updating records, providing a common set of
data to the many different scientific teams, departments or offices that might typically be
involved in the management of a single stretch of coastal zone. A shared database implies
reduction or elimination of duplicated records, and thus the potential for significant economic
savings as well as operational efficiency.

(5) CzISs have several modelling and analysing techniques to apply to environmental change
variables. These techniques enable us to display in maps the environental change processes,
their spatio-temporal evolution and their patterns of change, etc. Thanks to the integration of
different and isolated information, CZISs can also build indicators. Combined with the quick
retrieval of information, they can answer conditional queries in a flexible and easy manner
depending on each situation.

(6) CZISs also offer the ability to model, test and compare alternative management scenarios
before a proposed strategy is carried out in the real world.

Socio-environmental change study give more importance to the history of environmental and
human changes, and also the socio-environmental conflicts in the medium and long term, because
the objective is to understand the evolution of recent coastal landscapes (Breton & Romagosa,
2002; Pavon et. al, 2003). CZISs seek to understand environmental and human induced changes
by means of the pursuit and analysis of these changes. The pursuit implies recording spatial
changes at a reference time (or point zero), and then making the comparison between the spatial
allocation of the changes in past time and present time. The aim is to record those attributes of the
coastal zone that change, in which direction and why these changes are produced. With these
records it is possible to construct indicators of the most meaningful changes in each study area.
One important aspect of this CZISs methodology is that it needs to work with key variables and
parameters before choosing the relevant coastal information and constructing the change indicator.
At a conceptual level, coastal land use and land cover (CLUC) is a key variable to work on the
coastal socio-environmental changes (Capobianco, 1999) at local and regional scales with CZISs
for several reasons:



(1) A vision of coastal zones as a whole has been historically avoided, because the evolution
of maritime and terrestrial CLUC has not been considered at the same time. Each coastal
fringes has been worked on isolated from each other for practical reasons of scientific work or
because there isn't available information of coastal maritime land use cover change.

(2) Coastal land use and land cover changes (CLUCC) come from local and complex
interactions of several factors such as policy, management, economy, culture, human
behaviour and the environment, etc. They affect many social and environmental components
and processes of coastal landscapes: water cycles, local economies, biodiversity, and cultural
values.

(3) CLUCC are human induced environmental transformation processes that have a more
direct perception and impact. From them, other parameters can be derived that help to
understand and better explain the coastal and human environmental processes (water
consumption and pollution, coastal ecosystems biodiversity, coastal sediment balance, forest
fire risk, disadjustment between coastal resources and human uses and coastal planning and
sectorial laws).

(4) The comprehension of coastal land use and land cover dynamic change could be
modelled, classifying coastal landscapes according to their most meaningful change factors
(Cori, 1999).

Quality control in coastal GIS

When we work with CZISs, an important question is the quality of coastal data. In general, the
availability of data on coastal socio-environmental changes at regional and local scales is not easy
to obtain. Their acquisition through public or private institutions is sometimes impossible. However,
management has already been applied to scientific information policies that favours the publication
of data on the Internet. On the other hand, data collection, and management in databases and their
digital modelling need, in spite of technical progress in CZISs, too much time and money for
processing. More and more, data is digitised more directly. This facilitates their processing phase,
but it makes it necessary to include metadata systems about how data is produced to know its
quality, accuracy and degree of error if we want to use it in CZISs (Bartlett & Bruce, 2002).
Classical science and trade interests have been responsible for CZISs inheriting the work interface
and data model of terrestrial information sources and GIS applications. This is the reason why
working with coastal zones as interfaces between emerged and submerged areas is so difficult.
Although GIS have been applied to the analysis of temporal changes in coastal zones from the
beginning of their birth, CZISs time change analysis techniques are still being worked on (St.
Martin, 1993).

On one hand, coastal maritime data is more difficult to integrate due to the CZIS terrestrial bias.
Coastal maritime environmental processes have relatively few fixed, discret or long-term features.
These characteristics give coastal maritime data a level of complexity that rarely exists in land-
based data. For instance, most coastal maritime phenomena are four-dimensional; they have
length, width, depth and time component, and many phenomena are continuous in space. Every
sample location are points that have a single value of a given attribute, and the values can vary
constantly. Moreover, sample results are difficult to scale up if an extensive and dense network of
points does not exist. Few years ago, remote sensing information sources were unsuitable for
studying submerged coastal processes at local and regional scales. However, during the 1990s it
has been developing new marine remote sensing techniques that have enabled submarine
surveys, improved the georeferenced accuracy and increased the spatial resolution (GPS, LIDAR)
(Lucas, 1996; Wright & Goodchild, 1997; Wright, 1999).

On the other hand, several correction criteria have to be taken into account to obtain the best
accuracy possible when we compare coastal data from different dates. The application of CZIS to a
socio-environmental change study is based on work with historical and present data sources, some
of less quality than others. In the best situation, it begins with previous scientific research that
supposes the beginning point or point zero. In these situations, we must consider how the scientific
data was obtained and if this data is meaningful so as to repeat the same monitoring in the present.
Alternatively, when we work with analogical information sources (aerial photography, historical
cartography), digital information sources (remote sensing imagery, derived data) or documental
information sources, apart from the usual correction and consistency verification data processes,



we must apply more accuracy criteria such as erosion boundaries between land cover and land
use maps of different dates (Serra et al., 2003).

The socio-environmental change study in the Catalonian coastal zones (Spain)

Scientific context of the research

The conceptual and methodological frameworks based on a coastal socio-environmental change
study with CZISs as a support tool, have been applied in the research project Estudio del cambio
socioambiental en la franja costera: una contribucion a la gestion sostenible costera (INTERFASE
CICYT-SEC2000-0836-C04-01), financed by the Spanish Ministerio de Ciencia y Tecnologia. The
project works on one of the less developed features in this research branch: to contribute as a
multi-disciplinary experience project to the study of small geographical areas that are coastal
interfaces at local and regional scales. In order to manage the multi-disciplinary research, some
working line have been followed:

(1) The collaboration of scientific disciplines interested in the coastal change study. In this
project diverse scientific disciplines have participated: geography, terrestrial and maritime
biology, history, hydrogeology, coastal law, coastal geomorphology and anthropology.

(2) The selection of meaningful temporal periods and study parameters that are capable of
relating the different research themes of each scientific discipline implied in the project.

(3) The recovery of historical information sources from previous scientific studies,
bibliographical and documental sources, statistics and cartography that, once their reliability
and operability have been tested they serve as the zero point for monitoring coastal
environmental changes in the medium and long term.

Methodologically, the project is organized in three complementary areas. The first one is the
description of the most meaningful environmental changes that have happened in the coastal
environmental systems during the second part of the twentieth century. It analyses their
transformation and evolution by means of several environmental change parameters:

(1) Changes in the benthic rocky and sedimentary ecosystems in the continental shelf fotic
zone.

(2) Coastal geomorphology changes in the beach and dune systems.

(3) Changes in the coastal terrestrial natural habitats.

(4) Changes in the territory's urbanization model and adaptation to industrial and tourist
activities.

(5) Changes in the surface water and groundwater systems.

The second one is the detection of population, socio-economic and cultural driving forces behind
environmental changes, by means of land use change analysis and the historical transformation of
social practices and activities by means of several variables:

(1) Urban model evolution in coastal zones and development of urban land use.

(2) Agrarian space changes related with land use changes.

(3) Changes in tourism activity.

(4) Changes in coastal maritime and terrestrial ecosystems conservation and restoration.

(5) Changes in wetlands area, agrarian space and human settlements between I-XX A.D.,
especially between the XVIII-XX centuries.

(6) Historical cultural heritage evaluation within the context of their natural heritage integration.
(7) Evaluation of recent coastal urban planning and coastal law.

The third one consists in the knowledge integration phase, implementing a CZIS. Firstly, historical
and recent data are collected to obtain meaningful information about coastal changes. Secondly,
change indicators are constructed to evaluate the evolution of coastal territories. In this sense, the
CZIS has to give priority to the following criteria:

(1) Offering a vision of the coastal spaces as a whole. To do so, a collection of the available
and meaningful coastal topographical and thematic data was made.



(2) Integrating and analysing data about change parameters with the construction of
environmental change indicators.

(3) Constructing a georeferenced database of the available and known scientific information of
coastal zone study areas, that is consultable for assessing coastal management decisions.

The study areas selected are two coastal zones of Catalonia (Spain): the Alt Emporda coastal plain
(A1), and the Llobregat Delta (A2). They represent one of the dominant Mediterranean landscapes:
coastal lowlands (Figure 1). Both of them consist of emerged sedimentary planes surrounded by
low mountains, with steep slopes. They are irrigated by rivers that transport sediments and water to
the emerged planes (the Muga and Fluvia rivers at A1, and the Llobregat river at A2). Combined
with the fact that there is little influence from the Mediterranean tides, they have created two of the
most important deltaic zones of Catalonia. Both study areas have an extended continental shelf
that is suitable for fishing. Also, they have historically been modified by human activities that have
induced aforestation cycle changes of the coastal regions, the loss of river and deltaic sediments,
the pollution and overexploitation of coastal water resources, and the impact caused by human
activities that are situated on the deltaic planes (agriculture, fishing and tourism at Alt Emporda
coastal plain, and agriculture, industry and transport infrastructures at Llobregat Delta) (Breton &
Sauri, 1997).

Alt Emporda
coastal plain

N
Llobregat 0 20
Delta Km A

Figure 1. Location of study areas (Alt Emporda coastal plain and Llobregat Delta) (below) in the context of Catalonia (above
right) and Spain (above left) in the Western Mediterranean.

The project is in progress, and results obtained from the Alt Emporda coastal plain are still being
processed. Thus, and due to the briefness of this paper, we have preferred to show some results
that have been worked on with more detail from the Llobregat Delta.

Case study: coastal terrestrial habitat changes in the Llobregat Delta

We propose a work methodology to explain the main coastal landscape changes. The CZIS
methodology is based on digitising land use and land cover maps from 1956 and 1999. Due to the
lack of coastal benthic communities data, the study is only centred on the terrestrial fringe of the
Llobregat Delta.



Material and CZIS methodology

The terrestrial land cover map of 1956 was drawn from analogical aerial photographs at a scale of
1:32.000. It was scanned at 600 dpi to obtain a pixel of 1 meter and facilitate the comparison with
the 1999 data. Aerial photographs were geometrically corrected with GIS and Remote Sensing
software MiraMon (Pons, 2000), applying collineality equations with control points. To control error
propagation, the correction was tested with other control points, and the relief effect was taken into
account by applying a terrestrial DEM of 30 metres to the correction. The DEM was carried out by
the Institut Cartogr fic de Catalunya (ICC, 2000). As the DEM spatial resolution fitted the required
resolution for the aerial photographs, the Root Mean Square (RMS) obtained was within the
maximum level of accepted error, in this case lower than 6.4. In this case, the available working
scale selected was sufficient to the research objectives. Terrestrial land cover of the 1999 map was
drawn from digital ortophotos in natural colour at a scale of 1:5.000 with a pixel of 1 meter. They
were made for an environmental impact study of the Barcelona airport (Pino, 2000).

Coastal data handling and analysis

Coastal terrestrial land use and land cover were digitised. To improve the quality of the
digitalisation process, the information was complemented with an empirical survey carried out in
1999 and available ancillary cartography and documental sources from 1956. Due to the visual
quality of the 1956 data being lower than the 1999 data, only the main land uses and land cover
categories present in the study area were digitised: preserved natural land, degraded natural land,
not abandoned agricultural lands, degraded agricultural lands, urban and road areas. Land use and
land cover were grouped and reclassified according to naturalness criteria. In landscape ecology,
the naturalness concept takes into account the degree of natural habitat conservation. The land
use and land cover maps of 1956 and 1999 were classified into five naturalness categories: high,
medium, low, very low and null. The following step was a map-to-map comparison by means of
crosstab analysis techniques to obtain the naturalness change map representing the time between
1956-1999 (Figure 2).

The naturalness concept expresses the spatio-temporal distribution of better or worse conserved
natural areas, depending on the land cover changes that are present and can be mapped. In the
case study of the Llobregat Delta, the naturalness change map indicates the relative stability of the
delta terrestrial land cover during the last forty years of the twentieth century. Their analysis
enables us to see that naturalness is very related to land use and human activity changes. In this
way, land use changes have the effect of recovering or degrading natural habitats. Between 1956
and 1999, the naturalness change indicates a loss of conserved delta areas and a growth of null
naturalness areas. These changes during this time period coincide with the development of the
airport and road infrastructures, and the urban growth of delta villages. Incredibly, the best
conserved natural habitats during 1956-1999 are on the coastal fringe. Low and very low
naturalness areas are agricultural land uses, that tend to fragment because of the growth in urban
and road uses, or they have degraded due to abandonment. Naturalness change indicators enable
us to integrate other information that can help to explain the environmental change evolution. In the
case study, the naturalness map information was combined with digital data at a scale of 1:50.000
of recent regional urban planning (valid with changes from 1976), protected natural coastal area
boundaries (valid from 1987) and public coastal protected zone boundaries or Zona de Proteccion
Maritimo-Terrestre (ZPMT) that was established by the Spanish Coastal Law of 1988.

Results obtained were completed with information about the human geography and cultural
agricultural practices, and their integration have helped to explain two main things about coastal
changes in the Llobregat Delta during the second half of the twentieth century. The first one is that,
more than recent urban planning laws, the application of natural areas protection legislation or the
application of Coastal Law of 1988, the presence and the medium development of the Barcelona
airport between 1956-1999 have achieved the preservation of natural habitats on the delta coast.
The second one is that, during this time period, a process of agriculture abandonment has occured.
The expansion of industrial and urban land uses, the proliferation of illegal periurban activities due
to the metropolitan influence of Barcelona city, and the development of the Llobregat Delta
Infrastructure Plan (LDIP) which includes enlarging the existing harbour and airport, building new
highways, and laying high-speed rail tracks, have caused a lack of economic expectations for the



agricultural population that has contributed to the degradation of agricultural areas in the delta
(Breton, 1998; Sempere, 2002).

1956

Llobregat Delta: changes in naturalness
of terrestrial habitats (1956-1999)

1999
Degree of Naturalness:
- 1. High (preserved natural habitats)
I:l 2. Medium (perturbed natural habitats)
|:| 3. Low (abandoned agricultural lands)
D 4. Very low (degraded agricultural lands)
- 5. Null (urban and road areas)

Naturalness changes (1956-1999)

Figure 2. Coastal terrestrial land cover of 1956 and 1999 classified according their degree of naturalness and naturalness
changes map between 1956-1999

Conclusions

An integrated analysis of a coastal socio-environmental change study at local and regional scales
with CZISs as support tools, still has large obstacles. One of them is the spatial integration. In the
case study, it was only possible to work with terrestrial information because it was the only
information available at the present state of work, and easy to process in CZIS. On a conceptual
level, diversity of different approaches implied in the integrated analysis of coastal zones, requires
thinking previously of the need to work with common concepts between disciplines and adapt their
meanings to understand and better explain the current environmental-human relationships (coastal
lanscapes, coastal territory, socio-environmental change processes). On a methodological level,
the work and communication fluency between different scientific disciplines needs to improve. It is
very important to find coastal change key variables and processes that enable connect the
detected changes through environmental parameters with human activities and induced human
changes in coastal zones. On a technical level, the work with CZIS needs to improve socio-
environmental change analysis techniques and maritime-terrestrial integration information.
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