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ObjectiveObjective

1. To show the relevance of scientific and technological high 
quality research to reach a real sustainability by means of an 
Integrated Coastal Zone Management and specific examples 
from IMEDEA results in the Balearic Islands (Mediterranean).

2. To discuss the new role of science in our society as a potential
contributor to decision making processes. 

Acknowledgements: Organisation of Aruba CZM and Riu Resorts 
for inviting me. 



Presentation: the Balearic Islands, tourist destinationPresentation: the Balearic Islands, tourist destination

Menorca: some
similarities with
Aruba, 30x10 

km, population, 
touristic, etc
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1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Introduction

In small islands, the coastal zone is really the whole island. 

It is a dynamic, fragile and complex area where a diversity of forces, processes 
and pressures are in place, all inter-related: waves, currents, sediment 
transport, bio-geochemical fluxes, biodiversity, socio-economic, cultural and 
institutional processes. 

The Coastal Zone has a unique biodiversity in terms of flora and fauna: unique 
and scarce

The Coastal Zone is of high economic, social, cultural and recreational 
importance 

A large number of administrations and institutions have competencies on the 
coastal zone.

What do we understand by Coastal Zone



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Introduction

Regulation of gases 
Regulation of climate
Regulation of disturbances
Erosion control
Nutrient recycling 
Recycling of contaminants
Seawater treatment
Food production
Genetic resources
Recreation
Cultural values

Services and functions 



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Introduction
Socio-economical importance

Tourism, recreational activities
Residences
Fisheries
Transport and commerce
Preservation of natural heritage



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Introduction

Three sub-systems:

Natural system
Socio-economy system 
Administrative system

Natural

Socio-economyAdministrative

Multi-resources, multi-users, interacting, 
very complex system
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Problems (some examples from Balearic Islands)

• Deterioration of seawater quality
• Algal blooms 
• Deterioration of sanitary conditions of seawater for swimming 
• Proliferation of invasive species
• Deterioration of Posidonia oceanica meadows
• Loss of fishing areas
• Beach erosion 
• Sand dune loss
• Coastal urbanization

• Theses problems now have clear economic and social effects. 
• There is a significant pressure on the coastal zone as a resource. 

“The natural resource is not unlimited”!



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Urbanización no planificada

•Inversiones malogradas
•Puestos de trabajo no estables
•Degradación medioambiental y social

Erosión de la costa y
de la calidad de las aguas

•Degradación en los hábitats naturales
•Degradación de los núcleos urbanos
•Riesgos de desastres naturales
•Pérdida biodiversidad

•Agotamiento de las reservas
•Problemas sociales y económicos
•Emigración

Ausencia de infraestructuras 
y redes adecuadas de  

comunicación y transporte

Fuente: Documento de la Comisión Europea, COM (2000) 547)

Problemas comunes (Europa)

Programa de demostración de la Comisión Europea sobre la gestión 
integrada de las zonas costeras



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

Fuente: Integrated assessment and future scenarios for the coast. In Managing European coasts. Springer 2005

Principales impactos en la zona costera relacionados con las presiones
Problemas comunes (Europa)
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Threats

• Loss of land resources with economical value
• Loss of land resources with natural and visual values
• Loss of properties
• Loss of marine and land species
• Loss of historic and archaeological resources
• Loss of public access to space and resources
• Pollution
• Congestion



1. The coastal zone, complexity, problems, threats1. The coastal zone, complexity, problems, threats

¿How to deal with a complex, 
interdisciplinary and global problem?

COASTAL ZONE HAS TO FULFILL TODAYS NEEDS AND THE ONES FROM COASTAL ZONE HAS TO FULFILL TODAYS NEEDS AND THE ONES FROM 
FUTURE GENERATION. FUTURE GENERATION. 

Essential component of socio-
Economic activities Provides services and function

Fragile system, pressures Resource not unlimited

The Coastal Zone

Increasing awareness from Society. 

Science Science

The coastal zone:
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Sustainable development: 
“…the development that satisfies the needs from the present without 

compromising the capacities of future generations to fulfil their 
own needs”

Comisión Mundial del Medio Ambiente y Desarrollo, 1987, informe Brundtland

Also:
“Sustainable development implies an increase in quality of life within 

the limits of the ecosystems”
Programa de Medio Ambiente de las Naciones Unidas y Fondo Mundial de la Naturaleza, 1991

The concept

2. 2. General frame, basic principles and challenges: sustainabilityGeneral frame, basic principles and challenges: sustainability



1. Development has an economical, social and environmental dimension, and will 
only be sustainable if we can find equilibrium between them.  

2. This equilibrium has to be found using at every time the best available 
knowledge existing, the best scientific and technological knowledge, 
internationally accepted. 

3. To advance towards more sustainable attitudes implies considering 
sustainability as a process. 

4. The advance towards sustainability is a positive change. The strategies imply a 
positive change for citizens employment and welfare.

5. Sustainable development is a clear strategic opportunity on a medium/long 
range, with possible adjustments being needed on the short term.

6. The institutional leadership and compromise together with the social 
consensus are key elements of the process towards sustainability.

Main ideas:

2. 2. General frame, basic principles and challenges: sustainabilityGeneral frame, basic principles and challenges: sustainability



Sustainability, Ocean Commission – 2004; USA “Principles and
guidelines for coastal and marine policies”

2. 2. General frame, basic principles and challenges: sustainabilityGeneral frame, basic principles and challenges: sustainability
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Knowledge of the system is a key element to reach a true 
sustainable development. This implies high quality research, 
tools and instrumentation (data, indicators, thresholds, 
predictive capabilities, etc.) 

A scientific approach should guarantee: 

A consensus by means of quantifications with reliable methodologies, reproducible 
and internationally established. 

A reliability of the data.

A theoretical background internationally accepted.

“It is not an exaggeration to assert that without 
science there can be no sustainable development”

3ª Sesión de la Comisión de Desarrollo Sostenible UN, 1995

3. The new role of science in XXI’s century society



Society is turning towards science. 

Not only during crisis or catastrophic events  (health, 
environment, food, energy, etc.) 

As an element of the decision making proocess that 
guarantees independence and reliability due to the existence 
of an evaluation system internationally accepted. 

‘Strong science for wise decision’.

3. The new role of science in XXI’s century society



3. The new role of science in XXI’s century society

Peer reviewed papers that 
establish solid theoretical 
backgrounds

Independent system of evaluation

Science Citation Index



3. The new role of science in 3. The new role of science in XXIXXI’’ss century societycentury society

Ocean Commission, 2004

Scientific needs:
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Mallorca Island, Esporles http://www.imedea.csic.es

4. Examples of coastal research at IMEDEA4. Examples of coastal research at IMEDEA

http://www.imedea.csic.es/public/esporles.jpg
http://www.imedea.csic.es/public/palmaesporles.jpg


Research linesResearch lines

1. Science based Operational Oceanography in the Mediterranean

Circulation and dynamics, scale interactions, basin, sub-basin and local
Basin  scale circulation and climatic effects
Sub-basin scale, mesoscale effects and interactions, shelf/slope exchanges
Local scale, interactions and residence time

Coastal zone variability and beach morphodynamics
Beach erosion and sediment transport 
Beach safety: longshore currents and rip currents
Tsunami forecasting

Physical-biological interactions at sub-basin and local scale: water quality
Harmful Algal Blooms (HABS) in harbors, bays and beaches
Debris and floating material characterization and drift forecasting for 
recovery
Interactions between currents, waves, water quality and Posidonea oceanica
extension

New tools for non linear systems forecasting: evolutionary computation
Darwin Genetic algorithm (reg) : applications to ocean currents forecasting, 
solar spots, wave heights, precipitation, etc



Research linesResearch lines

2. Marine Technologies: development of new low cost (in collaboration with 
Albatros Marine Technologies, spin-off)

Development of new platforms: Rov’s, AUV’s, gliders, buoys
Integration of sensors and platforms for sound sampling of the coastal zone

3. Operational Systems “to be” implemented at IMEDEA
Sub-basin and local scale currents circulation, interactions at different scales: 
Balearic Sea 
Rip currents in beaches: pilot study off northeast of Mallorca Island: Cala Millor

4. Science based Sustainable Integrated Management in Coastal 
Zone
Scientific achievements, Science based management and Sustainability principles
New Observational networks, GIS tools and modeling predictive capabilities 
Innovation in services in the coastal zone, environmental innovation and 
sustainable tourism



Research linesResearch lines

Scientific examples (observations and modelling)
from basin to beach scale.

Basin scale (10 5 km), since 1995 (*): large scale circulation, role of bottom 
topography, specific features, transport in detailed sections

Sub-Basin regional scale (5 1 km), since 1992: mesoscale/mean flow 
interactions, blocking basin scale circulation in specific sub-basins, 
circulation Alboran and Balearic Seas, etc.

Local (1 km 500m), since 1993: sub-basin-local interaction through 
canyons, shelf/slope exchanges, circulation in bays, residence times and 
water quality, etc.

Towards… beach (500 10m), since 2004: fine sediment resuspension by 
waves and recirculation and sediment transport by wind induced coastal 
currents in bays and beaches, (only still with PE non hydrostatic models and 
towards integration with wave models). 



ResultsResults atat basinbasin--subsub--basinbasin scalescale

Circulation and dynamics. Scale interactions: basin, sub-basin and 
local scales

• Basin  scale circulation and climatic effects
• Sub-basin scale, mesoscale effects and interactions, shelf/slope 

exchanges
• Local scale, interactions and residence time

Fernández, D. E. Dietrich, R. L. Haney,  J. Tintoré. Progress in Oceanography. 2005

Main result: importance of general circulation and sub-
basin interactions



Main result: importance of mesoscale structures. 
More than 30 papers in peer reviewed journal since 1988, mostly in Balearic and Alboran sub-basins

ResultsResults atat subsub--basinbasin scalescale



Main result: residence time and eutrofication. Water quality and relation with
Posidonia Oceanica seagrass coverage in Cabrera Harbour. 

Implications for number of boats allowed in the moorings.

Cobertura de Posidonia
oceanica

Tiempo de residencia (en días) cerca 
del fondo. z

Orfila et al., Contin. Shelf Res., 2004

ResultsResults atat local local scalescale



Coastal morphodynamics
Beach erosion and sediment transport

Main results: adjustment after extreme events, fine sediment
resuspension by wind

Basterretxea et al., J. Coastal Res., 2004

ResultsResults atat local local scalescale



Water quality, eutrofication: massive proliferation of micro-alguae.

Ec reserach projects. 

Playa de Palmira (Calvià)
Water Quality: HABS proliferation

Basterretxea et al., Estuarine Coast.  Shelf Science., 2004

ResultsResults atat local local scalescale



• Oil-spill mapping
• Land vulnerability
• Security in beaches – rip currents
• Prediction of trajectories from Tsunamis. 

OperationalOperational systemssystems beingbeing implementedimplemented



OperationalOperational systemssystems beingbeing implementedimplemented



Management subManagement sub--systemsystem

It is based on a 
Geographical Information 
System (GIS) for oil spill 
crisis management. 

It incorporates all the 
available information, 
identifies resources at risk, 
establishes protection 
priorities and appropriate 
response.

OperationalOperational systemssystems beingbeing implementedimplemented



Characterization of the different types
of coast: vulnerability and ESI. 

OperationalOperational systemssystems beingbeing implementedimplemented



• Cormoran (CICYT). ROV’s, AUV’s, boyas
• Mersea (EU). Gliders

TechnologyTechnology developmentdevelopment



TechnologyTechnology developmentdevelopment

Beach monitoring using cameras, breakers, rips, 
bathymetry changes, etc. 



Currents in the Balearic Sea for Search and Rescue Operations. 
Beach variability and relations to Posidonia Oceanica (Magaluff)
Beach erosion (Magaluff, Santa Ponsa, Bahía Alcudia, Cala Millor, 
Cala San Vicente
Beach fill processes (Cala San Vicente, Cala Millor, Bahía de Alcudia)
Harbour oscillations (Puerto de Calanova, Ciutadella, La Rápita)
Support to Olympic candidate (Palma-Madrid, 2012) and America’s
Cup candidate (Palma)
Residence time in harbours and bays (Parque Nacional de Cabrera)
Water quality and HABS (Paguera, Eivissa)
Sustainable beaches (Calvià)
Operational systems for currents and waves in beaches (being
implemented)

SummarySummary examplesexamples ofof IMEDEA know howIMEDEA know how
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Integrated Coastal Zone Management (ICZM)Integrated Coastal Zone Management (ICZM)

ICZM  (ICAM 2005)

“A dynamic process of sustainable management and use of coastal 
zones taking into account at the same time the diversity of 
activities and users, the fragility of coastal ecosystems and their 
interaction”

ICZM
Temporal and spatial scales of managing ?

Think globally, act locally

ICZM: involve all parties concerned in the management 
process. (from the beginning)



Integrated Coastal Zone Management (ICZM)Integrated Coastal Zone Management (ICZM)

70’s 80’s: Several coastal laws (Spain, USA…)
1987: World Commission on Environment and      

Development (WCED), “sustainable development”
1992: Agenda 21 ; Convention on Biological Diversity
1995: Global Program of Action for the Protection of the 

Marine Environment from Land based Activities
1996: European Commission, GIZC
2002: European Commission,  Recommendation 413
2002: Plan of Implementation for the World Summit on 

Sustainable Development
2005: Protocol on Integrated Management of 

Mediterranean Coastal Zones, ICAM

Background in Europe: 



Integrated Coastal Zone Management (ICZM)Integrated Coastal Zone Management (ICZM)

Cala Millor study, 

Mallorca, 2005. 



Integrated Coastal Zone Management (ICZM)Integrated Coastal Zone Management (ICZM)

Master plan for ICZM 
Four main steps

1) Start: problem identification,  
characterization and 
diagnostic of the coastal zone 
(natural, socioeconomic and 
administrative)

2) Planning phase: options, 
alternatives

3) Implementation 
4) Monitoring and evaluation
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Specific objectives:

• Generate, develop and incorporate cientific knowledge to ICZM
• Develop new methods, tools and instruments for both science and 

management. 
• Establish the bases and develop the strategies and tools from an

integrated perspective to reach sustainability of the coastal zone. 
• Re-enforce research on marine and coastal environment as a basis 

for future sound based decision making.

6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands



Coastal observatory GIS_Coastal zone

Coastal zone Units

WP3: Tools

6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands



Características ambientales
Actividad económica

Normativa
Actores

Instituciones
Actuaciones

…

6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands

WP3: Coastal zone Units



6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands

WP3: Coastal zone Units



1. Sistemas de 
observación en tiempo 
real in situ y remotos

2. Asimilación de 
las observaciones 
en modelos

5. Diseminación de los 
resultados en tiempo real

3. Modelización 
numérica

DATOS Y OBSERVACIONES MODELOS
4. Predicciones

Obtención de información del medio costero

• Instrumentación UGIGZ: boya oceánica, sistema de video-monitorización de playas, 
topografía línea de costa, observatorio socioeconómico

• Instrumentación IMEDEA: boyas oceánicas, instrumentación oceánica, vehículos 
submarinos…

• Integración de información externa existente sobre el litoral balear

WP3: Coastal observatory

6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands



6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands

Indicators: 



6. 6. The UGIZC project: towards ICZM Strategy Balearic IslandsThe UGIZC project: towards ICZM Strategy Balearic Islands

Indicators: 



Bathymetry

Administrative

Elevation models Ecosystems

Coastal Dynamic

Geographic
Information

System

Social-Economy

WHAT IS GIS-IMEDEA?



RESEARCH DATA

GETGET

GIVEGIVE

INSERTINSERT

CREATECREATE
MAP SERVICES METADATA

LOOK FORLOOK FOR

LOOK FORLOOK FOR

GEODATABASE

USEUSE

EXTERNAL EXTERNAL 
USERUSER LOOK FORLOOK FOR

GEOPROCESS

GIS-IMEDEA WORKFLOW



Desktop GIS
Acces to 
Corporative 
DataBase
SIGIMEDEA

Remote 
access from 
desktop user

Web

Web Map Viewer
-Download data
-Maps on demand
-View, query…

WWW

100 Mbps Ethernet

GIS
Server

File/Image
Server

DBMS
Server

DBMS RELATIONAL

GeoInfo. Alphanum.Images

WMS
WFS

Protocols
Open Geospatial Consortium

SIGIMEDEA Data Model

Spatial Data 
Infrastucture

uGIZC
(following

INSPIRE UE
initiative)

Data Model based on
Marine Data Model

(NOAA, Oregon
University) / 

Biodiversity Data 
Model (ESRI)

TECHNOLOGICAL ARCHITECTURE



Alcúdia Project 
Cabrera Project 

Cala Millor Project 
Cala Nova Project 

Cala sant Vicenç Project 
Magalluf Project
Peguera Project 

Peregons Project 
Santa Ponça Project 

Ginebró Project 
Vessaments Project
Elevation Models

Bathimetry
(…)

OWN 
VIEWERS

IMEDEA 
SERVER

MAP 
SERVICES WMS/WFS 

CONNECTOR

MAP SERVICES SCHEMA



• ORGANIZE PROJECTS
• CUSTOMIZE SERVICES FOR 

USERS BY GRANTS
• LINK DATASETS WITH DATA 

MODEL

PROJECTS ADMINISTRATOR



MAP VIEWERS WITH SCIENTIFIC INFORMATION



- find by gazetter

- Find by map

- Find by kind of data

- Thematic search

- Keyword search

- Find in other warehouses

- Thematic browser

- Data visualisation

- Data download

METADATA EXPLORER



DAMAGE PROJECT’S OPEN SOURCE VIEWER



GEOPROCESSING



GENERATING BASE DATASETS



OVERLAYING OWN DATASETS WITH GOOGLE EARTH



QUERYING ELEMENTS WITH GOOGLE EARTH



SUMMARY

• We need strong and solid interdisciplinary knowledge of a complex system 
such as the coastal zone (3 sub-systems). “Things have to be made as 
simple as possible, but not simpler” A. Einstein.

• We need to identify the gaps and act to fill them, establish indicators, 
threshold values, etc.

• We need an information system public accesss with multiple capabilities 
for management

• We have to understand sustainability principles, adopt ecosystem based 
strategies

• We have to be able to solve specific problems without loosing a global 
longer term approach towards ICZM

• We need consensus approaches, independent scientific studies can be one 
of the options to reach agreements (“Strong Science for Wise Decision”)



SUMMARY

Tourism and recreation activities in the 
coastal zone have to be linked to the 
conservation of ecosystems and economic 
development. 

ICZM is a science based process to reach 
sustainability.
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Research & technology for operational oceanography and ICZM
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