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Objectives of this presentation

1. To present SOCIB to the OAPN community, SOCIB is a new Coastal 
Ocean Observing and Forecasting System, that will help responding to 
major scientific, technological and society driven questions. 

2. To illustrate the importance of adopting a multidisciplinary, scientific, 
ecosystem based, integrated management approach for the 
preservation and restoration of European Seas (e.g. Mediterranean) 
and the coastal areas.

3. To show the relevance of high quality scientific research and new 
technology developments for achieving Integrated Coastal Zone 
Management (ICZM) as a way to advance towards a real 
sustainability, using specific examples from the Balearic Islands.



• Climate change, sea level rises, ecosystem variability
• More frequent extreme events 
• Beach erosion
• Loss of coastal dunes
• Degradation of Posidonia oceanica meadows
• Proliferation of invasive species
• Coastal artificialization
• Degradation of water quality, eutrofication
• Red tides, HABS
• Loss of fisheries resources
• Proliferation of jellyfish
• Marine debris 
• Accidental oil spills

- Theses threats are already problems with significant 
economic and social effects. There is a strong 
pressure on the coastal zone as a resource 
-“The natural resource is not unlimited” 
(limitation concept)
-Theses threats are not only local, global change 
scenario

Environmental threats

The coastal zone, complexity, problems and 
threats in a global change scenario



How to proceed? 

 The basic underlying principle: Sustainable Development
 The way forward (one of….): Science based management
 Solid science and technology is a prerequisite: examples of 

Research, Technology Development and Innovation (technological 
and/or services) 

 But we also need:… Transfer of Knowledge (two directions!) and 
‘new’? Strong coordination and Governance

To achieve a European Marine and Maritime Strategy 
always based on the more recent and established 

know how and technologies.
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Motivation: the background... IMEDEA - Strategic 
Plan 2010-2013

http://imedea.uib-csic.es/tmoos



Motivation:

We are convinced that knowledge, technology and transfer of know-how are increasing the 
capability to nowcast and forecast environmental conditions and open the possibility to 
build more reliable operational systems. Accordingly, managers and policy makers can 
now plan actions on the basis of scientific products and decision making tools. 

‘Strong science for wise decisions’ 

EXCELLENT SCIENCE ADVANCEMENT of KNOWLEDGE

NEW TECHNOLOGIES TO CONTRIBUTE TO

TRANSFER KNOWLEDGE RESPOND TO SOCIETY NEEDS



What is SOCIB?

SOCIB is a Coastal Observing and Forecasting System, a multi-platform 
distributed and integrated Scientific and Technological Facility (a 
facility of facilities…)

 providing streams of oceanographic data and modelling services in support 
to operational oceanography

 contributing to the needs of marine and coastal research in a global change 
context. 

The concept of Operational Oceanography is here understood as general, 
including traditional operational services to society but also including the 
sustained supply of multidisciplinary data to cover the needs of a wide 

range of scientific research priorities.

In other words, SOCIB will allow a quantitative increase in our understanding 
of key questions on oceans and climate change, coastal ocean processes and 
ecosystem variability.



Outline

1. What is SOCIB?
2. Why SOCIB, why Coastal Ocean Observatories, and why now?
3. Background
4. Why in the Mediterranean?, Why in the Balearic Islands
5. Scales and major focus
6. Mission and Objectives
7. Principles
8. Components, Structure and Functioning
9. Initial results from ongoing SOCIB pilot facilities
10. Summary



Oceans are complex and central to the Earth system



The oceans are chronically under-sampled

Credit, Oscar Schoefield)



New technologies now allow three-
dimensional real time observations, 
that combined with forecasting 
numerical models, and data 
assimilation, … 

A quantitative major jump, in scientific 
knowledge and technology 

development

The development of a new form of 
Integrated Coastal Zone 

Management, based on recent 
scientific and technological 

achievements, 

on a global change context (where climate change is one of 
the most important, but not the only one…), and following 

sustainability principles

A New Approach to Marine and Coastal Research

OOI, Regional Scale Nodes (Delaney, 2008)

Ocean Observatories,

(Oceanus, 2006)

Why SOCIB, why Coastal Ocean Observatories, and 
why now?



Why SOCIB, why Coastal Ocean Observatories, 
and why now?

New monitoring technologies are being progressively available for near real time 
coastal ocean  4D studies: 

For example, gliders allow high-resolution sampling showing the existence of new 
features, such as submesoscale eddies with intense vertical motions that 
significantly affect upper ocean biogeochemical exchanges, an issue of worldwide 
relevance in the context of climate change (Klein-Lapeyre, Ann Rev, 2008).

Balearic 
Current

Northern
Current

These new technologies, integrated and used together,  are 
delivering new insight into coastal ocean variability, which in turn 
will trigger new theoretical developments, increasing our 
understanding of coastal and nearshore processes and contributing 
to a more science based and sustainable management of the 
coastal area.
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SOCIB: International Framework

Europe
 MFS, MOON,  Liverpool Bay Marine Lab, POSEIDON, CYCOFOS, among other facilities…  
 ESFRI – Marine Infrastructures ; http://cordis.europa.eu/esfri/publications-reports.htm
 EU Marine  Strategy F. D.  EU Water  & Marine and Floods F. D.,  , Decision Com. Criteria Good 

Environm. Status ( C(2010) 5956), Marine Knowledge 2020 Comm. (SEC(2010) 998&999). GMES 
ESA-EU initiative, ICZM EU  Recm, etc…

EEUU
 OOI (NSF research) - http://www.joiscience.org/ocean_observing

Collaborating to acquire research observing systems 10x what we have had. Requires making 
choices, consensus, priorities. Funding will go where the science interest is.  

 IOOS (inter-agency operational). Coordination: http://www.ocean.us/
Creating an operational observing system. Research supporting operations. Will support OOI and all 

basic ocean research. IOOS provides larger scale, long-term setting for OOI observatories. 
OOI provides process based research in a region leading to better IOOS observing schemes. 
OOI provides new technology and test bed for IOOS.…

Canada
 NEPTUNE, VENUS, 

Australia
 IMOS: Integrated Marine Observing System - Marine Facilities Network , http://imos.org.au/ . 

Already ongoing implementation. Similar approach and strong similarities with SOCIB.



SOCIB: International Framework

What is an Observatory: The USA perspective. 

 Ocean observatories are platforms for studying the ocean and its fundamental 
processes in real time, while returning continuous streams of data and imagery back to 
shore-based researchers. They include suites of instruments and sensors, power 
supplies, computer command and storage capability, and Internet connections or other 
advanced communications systems.

 A few ocean observatories and observing systems are already in operation or under 
construction, while several larger ones are now being planned by universities and 
research institutions in conjunction with NSF's Ocean Observatories Initiative (OOI), 
the NOAA-led Integrated and sustained Ocean Observation System (IOOS), and other 
international programs. 

 To truly comprehend the ocean’s dynamic behavior and to monitor how it affects us 
back on shore, scientists WHOI, Scripps, and Oregon State University and their 
partners have been charged with building and maintaining the infrastructure for coastal 
and global systems for their American scientific colleagues.



European framework: large scale 

http://web.micinn.es/files/2008-folletook.pdf http://dgtic.caib.es/www/plaCiencia/plaCiencia.ca.htm

Europe: (among other initiatives):

Marine and Maritime Strategy, FP 7 projects (MyOcean, SESAME, 
ECOOP, etc…), ESFRI (European Strategy Forum on Research 
Infrastructures), http://cordis.europa.eu/esfri/roadmap.htm

Spain: ICTS - MICINN Balearic Islands: R&D Plan



MOON Science and Strategy Plan: field of actions
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Why in the Mediterranean?

SOCIB will therefore take profit of: 

- Strategic position of the Balearic Islands at the Atlantic/ Mediterranean 
Transition Area, one of the ‘hot spots’ in world’s oceans research and 
biodiversity
- Nature of this semi-enclosed sea, an ideal reduced scale ocean 
laboratory, where key ocean processes (thermohaline circulation, deep 
convection, shelf/slope exchanges, mesoscale and submesoscale 
dynamics, coastal interactions, etc.) can be studied at smaller scales than 
in other oceanic regions (Internal Rossby Radius of order 10 km). 

Physical mechanisms are thus better monitored and understood in this ‘ocean basin’, 
contributing to the advancement of knowledge of physical interactions and 
biogeochemical coupling at nearshore, local, sub-basin and global scales.

Regional monitoring: word  of caution... with extrapolations to global scale ... “Real-
time’detection of secular changes in the oceanic overturning circulation by regional 
measurements is probably a mirage” (Wunsh, Nature geoscience, 2008)



SOCIB activities

will be mostly (but not only) centred in the western Mediterranean, with 
focus in the Balearic Islands and adjacent sub-basins (specifically 
Algerian and Alborán/Gibraltar) and …

covering from the nearshore to the open ocean. 
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SOCIB Science Focus: coastal ocean variability at 
mesoscale/sub-mesoscale, interactions and ecosystem response

Theory and observations have shown 
that there is a maximum energy at the 
mesoscale (include  fronts and eddies 
~10-100km), 

SOCIB focus: mesoscale & 
submesoscale and their 
effects on vertical motions, 
impact on ecosystem 
variability. 

With inputs from ‘both sides’.... 
(nearshore and coastal ocean and 
also inter-annual and decadal 
variability)

Temporal and spatial scales of ocean 
processes

(D. Chelton, 2001).

Mesoscale  (50-500 km/ 10-100 
days)  is the dominant signal in 
the ocean (Le Traon and Morrow, 
2001)

SOCIB scales



SOCIB Science Focus: monitoring at the right 
scale: from nearshore to coastal and regional
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Why ?

- Detecting Changes Imply 
Monitoring. 

- Need of reliable baseline 
data. 

SOCIB mission and general objectives:

López‐Jurado, J.‐L. et al. (2005), Geophys. Res. Lett.,

Changes in Mediterranean…

Careful monitoring is needed 
with traditional and with new 
infrastructures, new tools, 
new technologies...



SOCIB expected contributions...

in the international frame of Operational Oceanography in the Coastal 
Zone in a global change context, 

- to advance in the understanding of the physical processes, 
multidisciplinary coupling  and non linear interactions, 

- to detect and quantify changes in the coastal systems and 
ecosystems, understand the underlying mechanisms and forcing 
responsible for theses changes and to forecast their evolution 
under different scenarios.

SOCIB will also specifically address society needs: 
- Providing services at different levels and for different types of 
final en users (therefore providing a continuous multidisciplinary 
and integrated monitoring of the coastal variability. 
- Promoting the development of new tools and technologies for 
decision support and risk assessment. 



SOCIB Scientific Objectives

... we want to advance on the understanding of physical and 
multidisciplinary processes and their non linear interactions, 

- to detect and quantify changes in coastal systems, 
- to understand the mechanism that regulate them and 
- to forecast their evolution and or adaptation under, for example, 

different IPCC scenarios. 

SOCIB will specifically address the preservation and restoration of the 
coastal zone and its biodiversity, the analysis of its vulnerability 
under global change and consider new approaches, such as 
connectivity studies and MPA’s optimal design to advance and 
progressively establish a more science based and sustainable 
management of the coastal area (ICZM). 

A specific multidisciplinary Bluefin tuna Programme will be launched to 
understand the variability of their spawning area, in relation to 
Atlantic-Mediterranean Variability (PI, IEO)
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SOCIB Principles

 Scientific and technological excellence through peer review

 Science, technology and society driven objectives 

 Support to R&D activities in the Balearic Islands (existing and new ones);

 Systems integration, multiplatform and multidisciplinary coordination 

 Sustained, systematic, long term, monitoring, addressing different scales 

 Free, open and quality controlled data streams

 Baseline data in adherence to community standards 

 Partnership between institutions
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Components: 
- Observational sub-system

- Forecasting sub-system
- Data Management sub-system

Structure: 
- 3 Divisions and Units

- 3 Horizontal Services (C&IT, Outreach and Management)
. An Access Committee
. A Scientific Advisory Committee

SOCIB Components and Structure



SOCIB Structure

Marine and Coastal Center of Excellence, 
(CSIC, IEO, UIB)



SOCIB Systems Operations and Support 
Division

1. Observational Facilities (major elements) 
• New Coastal Research Vessel (25 m LOA – 1.200 km coastline in the Islands)
• HR Radar 
• Gliders and AUV’s 
• Moorings, tide gages and satellite products 
• ARGO and  surface drifters
• Nearshore beach monitoring and cable nearshore facility

2. Forecasting sub-system 
• Ocean currents (ROMS) and waves (SWAN) at different spatial scales, forced by 

Atmospheric model (WRF) and ecosystem coupling (NPZ)

3. Data Centre
• Quality control and Web access in open source 
• Effective data archiving, internationally accepted protocols, delivery and 

communication 



SOCIB: the view….



SOCIB the view …

Nearshore morpho-
dynamicsNearshore ecosystems

Coastal and shelf/slope 
interactions and Ecosystems.

Bluewater  
variability/climat
e

Adapted IMOS

Regional sub-basin 
and Islands 
Channels

Technology



Description of SOCIB Observing Facilities

 Coastal Research Vessel, to service 
moorings and to conduct spatial surveys 
(in-situ data). Catamaran, 25 m length 
approximately. 

 Gliders and AUV fleet. Gliders are multi-
sensor autonomous systems similar to a 
Argo float, which can traverse as well as 
profile, and are operated from a land base. 
AUV are autonomous vehicles  monitoring 
of the coastal, benthic and nearshore 
environment.

 Coastal Ocean Radar Network for high 
resolution mapping of coastal currents and 
waves.

 Mooring Network – a network of  
reference stations, plus moorings on 
shelves and slopes.

 Nearshore beach monitoring system. 
Automated collection, analysis and storage 
of high-resolution digital pictures and in 
situ data used to observe and quantify 
coastal phenomena.

Other facilities that will be implemented 
and developed by the Engineering and 
Technology department 

- Argo fleet. Profiling floats observing 
ocean physics to 2000 m

- Surface  Drifters, measuring surface 
currents and properties such as 
temperature and salinity.

- Measurements on Ships of 
Opportunity – a set of underway 
observing systems for physical, 
chemical and biological oceanography 
on volunteer observing ships 
(merchant, fishing fleet, etc).

Satellite: enhancing Access to Ocean 
Remote Sensing Data – to make 
Satellite products to support research 
in coastal waters. (as part of Real 
Time and Support Unit).

(See www.socib.eu / Implementation Plan 
for further details) 



Coastal Catamaran, R/V, 24 m LOA, 
initial proposed design, NOOA R/V Manta



Coastal Catamaran, R/V



SOCIB HF Radar Facility

In 2011: Long 
range system in the 
Ibiza Channel

2nd Phase:  Menorca 
Channel and High 
Resolution system 
in the Palma Bay
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SOCIB Surface Drifter Facility (phase 0 – 2010 
activities)



Sampling cycle characteristics

Provor Apex

Sea-Bird CTD
5,10,…,100,110,…,700,750,…,2000 dbar

Courtesy, Pierre Poulain, MedARGO

SOCIB ARGO Facility (phase 0 – 2011 activities)
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SOCIB ARGO Facility (phase 0 – 2010 activities)

NEEDS UPDATE



Títol general
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The SOCIB Marine and Terrestrial Beach Monitoring Facility (MTBMF) consists of 
MODULAR BEACH INTEGRAL MONITORING SYSTEMS (MOBIMS) which
enable the autonomous ans sustained collection of physical data on beach
morphology, hydrodynamics and sediment transport.

Beach 
videomonitoring
SIRENA 

MOBIMS

ADCPs

Bathymetry and  
beach      profiles 
surveys

Sediment surveys

PRODUCTS & SERVICES FOR BEACH 
MORPHODYNAMICS RESEARCH & 

COASTAL MANAGEMENT



Títol general

The SOCIB Marine and Terrestrial Beach Monitoring Facility (MTBMF) will
operate at 4 locations in the Balearic Islands comprinsing more than 6
videomonitoring stations and 30 cameras, etc. Monitoring stations cover different
types of beaches (natural, urban, exposed, sheltered, etc.)

PDP 
2011

CLM 
2011

SNB 
2011

EIV 
2012

SON BOU, 
MENORCA

PALMA BEACH, MALLORCA

CALA MILLOR, MALLORCA



Implementation
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1/Q2 Q3/Q4 Q1/Q2 Q3/Q4

Systems, Operations and Support Division
Observing Facilities:

Coastal Research Vessel CD CD PDP LP LP C C C C C IOC OM FOC FOC
Coastal HF Radar CD CD PDP LP LP C C IOC FOC FOC FOC FOC FOC FOC
Gliders CD CD PDP LP IOC IOC OM OM OM OM FOC FOC FOC FOC
Drifters CD CD PDP PDP PDP PDP LP IOC IOC OM FOC FOC FOC FOC
Moorings CD CD PDP LP C IOC OM OM FOC FOC FOC FOC FOC FOC

Marine and Terrestrial Beach Monitoring CD CD PDP LP C C C C C C IOC FOC FOC FOC
Data Centre Facility CD CD CD PDP PDP IOC IOC OM FOC FOC FOC FOC FOC FOC
Modelling and Forecasting Facility CD CD PDP PDP LP C C IOC IOC OM FOC FOC FOC FOC

Engineering and Technology Development Division
Facility Support and Technology Development CD CD PDP LP IOC IOC OM OM FOC FOC FOC FOC FOC FOC

Near Shore Station CD CD CD CD PDP LP PDP C C IOC OM FOC FOC FOC
Ships of Opportunity/Fishing Fleet Monitoring CD CD LP PDP IOC IOC OM OM FOC FOC FOC FOC FOC FOC

Strategic Issues and Application to Society Division CD PDP IOC IOC OM FOC FOC FOC FOC FOC FOC FOC FOC FOC

Services
Management & Finance PDP IOC OM OM FOC FOC FOC FOC FOC FOC FOC FOC FOC FOC
Computing & IT CD C OM PDP LP C IOC OM FOC FOC FOC FOC FOC FOC
Outreach, Education, Training & Mobility CD CD PDP PDP PDP PDP IOC IOC OM FOC FOC FOC FOC FOC

2012 20132009 2010 2011

Project Stages:
CD Concept Development
PDP Planning, Design and Pilots
LP Legal Procedure/Purchase
C Construction
IOC Achieve Initial Operational Capability
OM Operation and Maintenance
FOC Final Operational Capability 

Table 2: Implementation Schedule
Summary for the major SOCIB 
elements, detailed schedules are 
available in Annex 3.



Model Systems Products, Services
& Outcomes

Added value for science, 
technology & society

•U, V (currents, surface and profile)

•T (fixed point, profile, SST)

•Hs, Hm, Tp, Dp (Waves)

•S (fixed point, profile)

•Beach morphology

•Coastal bathymetry

•Sediment samples

•Sediment transport (OBS)

•Fluorescence (profile)

•Oxygen (profile)

•Biogeochemical indicators (N, P, Si, 
larvae)

Fixed

•HF Radar installations

•Coastal buoys

•Beach video monitoring installations

•Nearshore cable installation

Mobile

•OceanBit R/V operations

•Gliders and AUV's

•ROV's

•Argo and Drifter's

•Fishing Fleet monitors

•3D coastal ocean 
forecasting system 
(HOPS)

•Operational currents 
forecasting system 
(ROMS)

•Coastal ocean wave 
propagation model 
(WAVE)

•Coupled (ROMS -
atmospheric) high 
resolution operational 
forecasting system

•Coupled (ROMS -
NPZD) physical -
biological ecosystem 
model

•Data Centre archive and open 
access portal

•Balearic Sea high resolution ocean 
currents forecast system

•Balearic Sea high resolution wave 
forecast system

•Early warning system for surge 
events

•Oil spill / jelly fish invasion 
trajectory estimations

•Balearic/Mediterranean beach 
system response to climate change

•Beach erosion and variability 
monitoring 

•Beach safety and RIP currents

•Beach carrying capacity (physical 
and social) 

•Tools for coastal zone decision 
makers

•Science based coastal zone policy 
recommendation 

•Forecasting of Blue Fin Tuna 
spawning location and larval 
survival rates

•Education, Outreach and Training

•Step improvement in operational 
oceanography in the Balearic 
Islands 

•Adaptation to EU Framework 
legislation for the coastal zone

•Technology development

General:

•Improve prediction, mitigation and 
management of impact of climate change 
and its affect on coastal zone

•Improve management of natural 
disasters

•Improve management of coastal 
ecosystems and resources

•Develop new technologies tailored to the 
needs of coastal ocean observing

•Contribute to European ocean 
monitoring framework, GMES, MOON

Specific:

•Balearic Sea coastal ocean current 
variability

•interannual variation in the north/south 
exchanges in the western Mediterranean 

•interannual variation in water mass 
properties

•mesoscale/submesoscale eddies and 
fronts, dynamics and multidisciplinary 
interactions

•sustained observations in the Balearic 
Seas to verify model output

•hydrodynamics and sediment transport

•physical/biological interactions focused 
on connectivity and MPA design

•monitoring of water quality

•identification of Blue Fin Tuna spawning 
sites/favorable habitats

Observed variables

Observing Systems
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SOCIB Facilities and Services (phase 0: 2010 pilot 
activities and 2011 starting operational phase)

Already from SOCIB and/or in kind from CSIC and IEO and UIB: 

SYSTEMS OPERATIONS AND SUPPORT DIVISION
OBSERVING: 
- Glider Facility (4 Slocum gliders) 
- Satellite remote sensing products Facility (pilot)
- ARGO profiles and Surface drifters Facility (pilot)
- Coastal Buoys real time Facility (pilot)
- Nearshore beach monitoring Facility (pilot)

APPLICATIONS AND STRATEGIC ISSUES SOCIETY DIVISION
- ICZM and Science based sustainable coastal and ocean management

ENGINEERING AND TECHNOLOGY DEVELOPMENT DIVISION
- New technologies

SERVICES
- Management and Finances
- Computing and IT’s
- Outreach and Education 

MODELLING
- Numerical Forecasting Facility

DATA CENTER
- Data Center

•Proven capability

•Pilot projects 

•Non sustained

IMPLEMENTATION PLAN; approved July 
2010

Parc Bit – office –
August 2009



Glider data 
- Variables: P, T, S
- Vertical extension: 10-180 
m
- Horizontal resolution:  1km

Envisat data
- Along track SLA (AVISO/CLS) + MDT (Rio 
et al.)
- Delayed time product
- Mediterranean product
-Horizontal resolution:  7 km

SOCIB Glider Facility (phase 0:  2009-2010 pilot 
activities)



We have established new facilities for glider operations at IMEDEA :

Electronics 
Laboratory

4 glidersBallasting
Laboratory

Collaboration: 
Search and Rescue
801 Squadron
and local authorities

SOCIB Glider Facility (phase 0 – 2010 activities)



IMEDEA team has carried out 28 glider 
Missions from 11/2006 to  12/ 2010  
in the Western Mediterranean Sea

5000 CTD profiles

Alboran Sea

• 8000 full CTD casts
+ oxigen, chlorophyll
Turbidity
• 50 Euros/profile (...)

• Sustained glider observations
along 773 ENVISAT  track

(every 70 days). 
• Glider preparation and testing 
facilities at IMEDEA (CSIC-
UIB)
• In collaboration with LODYC, 
Ifremer and also Rutgers Univ. 
• Jason Altimeter track 

from  Menorca to mainland and 
also in Eastern Alboran Sea, in 
collaboration with CLS.

SOCIB Glider Facility (phase 0:  2009-2010 pilot 
activities)



-To improve our knowledge on the driving mechanism in the area: Mesoscale 
structures (filaments, eddies, etc) and associated vertical motion.
-To contribute to the physical and  biogeochemical understanding in the area.

WAG EAG

AO frontAtl
Water

Med
Wate

Scientific objective

Adjustment between AW/MW

Additonally: Altimetry Cal/val 
Jason1/2

SOCIB Glider Facility (phase 0:  2009-2010 pilot 
activities, Alborán July 2008)



Slocum Coastal glider

- 1311 profiles (CTD, fluorescence and
turbidity) between the surface and 180 m.

From July 4 to 18, 2008 and was designed to
cross the eastern Alboran Sea.

-The along-track glider data resolution is
about 0.5 km.

- All variables gathered have been averaged
vertically to 1 dbar bins.

-The glider trajectory was established to be
coincident with the altimetry satellite track
172 of the tandem mission Jason-1 and
Jason-2.

Jason-1  /  Jason-2 altimeters 

- Along track SLA (AVISO/CLS) + MDT 
(Rio et al.)

- Specific Mediterranean product

- Horizontal resolution:  7 km

Gridded products: 100 km  (OI scheme 
with 100 km lengh scale)

SOCIB Glider Facility (phase 0:  2009-2010 pilot 
activities, Alborán July 2008)



Mesoscale dynamics, vertical motions, size 
structure of phytoplankton, biogeochemical fluxes



Eastern Alborán Sea dynamics and basin 
scale interactions



Results
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CB

Iberian Peninsula

Ibiza

Mallorca

Menorca

: Main surface currents

NC

AW

Complex dynamics 
 At North: NC 
 At south BC, its 

associated front and 
AW inflow

 In‐between, 
mesoscale (eddies, 
meandering….) due to
heterogenous water 
masses mixing

BC

Balear.

Path planning / adpative sampling
Alvarez et al., 2004, IEEE
Garau et al., 2006, IEEE
Alvarez et al., 2007, J. Mar. Sys.

Glider  and altimetry
Ruiz et al., 2009a , J.Mar.Sys.
Ruiz et al., 2009b, Geophy. Res. Lett.
Bouffard et al., 2010, J.Geophys.Res.

Multi-platform approach
Pascual et. al., 2010, Sea Tech.
Pascual et al., 2011, JGR (in preparation)

Thermal lag
Garau et al., 2011, JAOTech (accepted)

Summary of 5 years of glider activities
Ruiz et al., 2011, Sci. Mar.(submitted)

Gliders, Altimetry and Multi-Sensor approaches in 
the Balearic Sea: SINOCOP experiment 



EOF2010, Oct 13-15, 2009

The Balearic Front

Sustained observational glider programme: 

Missions simultaneous to Envisat passage along track 773 
(perpendicular to the Balearic and Catalan fronts)

Balearic 
Current

Northern
Current

Catalan
Front

Balearic
Front



EOF2010, Oct 13-15, 2009

Sinoptic view from remote sensing data

Color: SST. Source: ICM.
Vectors: Absolute geostrophic currents from DT merged altimeter gridded fields. Source: AVISO.

April 2008 mission - an intense eddy

Grey line: glider track



Study area and scientific objective

Atmosphere-Ocean interactions

- To investigate the impact of an atmospheric front on the ocean mixed layer
- Atmospheric forcing.
- Mixed layer (high resolution from glider data).
- Heat content.   



- Meteorologic, oceanographic and waves data

- Hourly data

- Northwestern Mediterranean Sub-basin

Deep buoys network in the WMED - Puertos del Estado



Results: Observations from Buoys PdE network

Atmospheric forcing over 
the sub-basin



Glider Results: Hydrography



• Very good agreement with the 
observations
•Dragonera : 1020hPa 990 hPa

Results: atmos. model outpus



Transport variability - Ibiza channel 

 Important 
exchanges 
and impact 
on biology

 Previous 
studies; NC 
stronger in 
winter, BC 
flow variable, 
retroflection 
(‘blocking 
eddies’), 
variability in 
inflows

CB

Iberian Peninsula

Ibiza

Mallorca

Menorca

: Main surface currents

NC

AW

BC



Jan/Feb/Marc
h/April - 2011

Feb/Mar
2011



Results 1 – geostrophic current variance

 Geostrophic current estimates, transect approx. 3 days
 Variability in strength and location NC and BC inflows



Ibiza Channel monitoring since January 2011



Gliders (a fleet of …) ?: 

 They allow long term, sustained, multidisciplinary monitoring of 
the coastal ocean for example at key control sections.

 They are providing new evidences of the complexity of the 
coastal ocean, by resolving tridimensional mesoscale and 
submesoscale instabilities never fully observed before, 
showing the intrinsic dynamical relevance of theses instabilities, 
their interactions and effects on the mean circulation, and their 
role on the response of the ecosystem. 
 A major observational breakthrough is appearing upfront. It will 

trigger theoretical and numerical developments…
 Examples from Balearic and Alborán Seas have been shown, 

suggesting the capabilities that will soon arise from monitoring with 
fleets of gliders, physical variability and ecosystem response at 
meso and submesoscale… 

SOCIB Glider Facility (Summary)



Operational Modeling: ROMS, 2km To 
reproduce and maintain mesoscale 
features, interactions. In collaboration 
with GKSS and Univ. Rutgers, in the 
frame MFS/MOON. 
WRF Atmospheric Model
Also SWAN for coastal ocean wave 
Dynamics and Habors (with PE)

The aim : 
- Validate the model with the 
measurement (gliders, ...)
- From the  available data and the model 
simulation (5 years), study the formation 
of mesoscale structures.
- Understand impact on the ecosystem

SST from 11/2008 

Modelling Facility (phase 0:  2010 pilot activities)



Shelf/slope exchanges – canyons interactions –
mean flow/frontal instabilities



Residence time – coastal – open ocean exchanges

Cobertura de Posidonia 
oceanica

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



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

Operational systems being implemented



Inter annual variability circulation, Connectivity 
MPA’s protection and optimal design network

2008 SLA

2006 SLA

Trayectorias  
partículas…



Aplicación local Puerto de Palma
Autoritat Portuària de Balears



Aplicación local puerto de Palma de Mallorca:
•Modelo de oleaje: SWAN (Simulating Wave Nearshore)
•Malla: 236 x 136 puntos ; 400m de resolución espacial
•2 ciclos diarios. Horizonte de predicción de 72 horas
•Campos de viento para forzar el modelos de oleaje procedente del HIRLAM 
(AEMET‐PE) con resolución espacial de 0.16º y temporal de 6h
•Condiciones (oleaje entrante y saliente) procedentes del modelo del 
mediterráneo WAM de Puertos del Estado



En fase de pruebas, accesible en www. socib.es/sapo

Principal información ofrecida:

Aplicación web



1. Tablas de oleaje



2. Mapas de oleaje



3. Series temporales y validación

Boya de 
Cabrera



Series temporales y validación



Coastal management

The management system is based on a geographical 
information system (GIS) for oil spill crisis 
management. 

GIS are useful tool for storing, analyzing and 
displaying data to support management decisions 
and short term environmental protection planning.



Coastal management

This system incorporates all the available information and identifies 
resources at risk, establishing protection priorities and identifying 
appropriate response.

ESI (Environmental Sensitivity Index)







The Environmental 
Sensitivity Index (ESI)
evaluates the coastal 
zone vulnerability 
combining physical, 
biological, geological 
and socio-economic 
parameters of the 
coastline into a single 
environmental 
sensitivity index to oil 
spills.

Coastal management



Application to Mallorca: MED05

MED05 exercise
10th – 11th – 12th May 2005



Results at local scale

We know that with today’s 
knowledge, actions 
undertaken in the past would 
be done differently



Modelling Facility (ongoing activities)

Large amplitude  Oscillations



Modelling Facility

Oct_4, 
2007



Modelling Facility



Modelling Facility (ongoing activities)



Data Centre Facility (phase 0:  2010-2011 pilot 
activities)

A crucial element for real multi-platform integration, a pilot 
element for a Spanish ICTS Data Management strategy.  

Goal: to provide researchers and users  with a system that will 
allow to locate and download the data of interest (near real 
time and delayed mode) to visualize, analyze and manage 
the information.

Principles of SOCIB Data Center: the data will be (in 
collaboration with IMOS eMII), 

- Discoverable, accessible, ‘collect once, use many’ (data and metadada)
- Freely available
- Interoperability, standardization and sharing guarantee



The European framework

The international framework

Data Centre Facility (phase 0:  2010-2011 pilot 
activities)



SOCIB Data Center process

To accomplish the full lifecycle data (from the 
modeling and observing systems ingestion up 
to the user), the data center has defined seven  
steps for the Data Management Process: 

1. Platform management and communication
2. Quality Control assurance
3. Metadata Aggregation and Standardization
4. Data Archive
5. Data Search and Discovery
6. Data Policy and distribution 
7. Data Viewing 



SOCIB Data Centre Facility. Technologies 



• Mission definition and 
feasibility analysis tool
• Quality control
• Data transmission  to 
Coriolis, etc…
• Data download capability
•OpenDap, Thredds server

We have developed a system for tracking glider missions in real time:
http://imedea.uib-csic.es/tmoos/gliders/

SOCIB Data Centre Facility (example of glider 
browser)



3D Visualization Tools (IDV)
The Integrated Data Viewer (IDV) is a software developed by UNIDATA that allows the 
3D visualization of data en NetCDF/CF-1.0 data. Permit the Thredds and RAMADDA 
catalog exploration.

The Image combines: all 
the temperature collected 
by the gliders, a surface 
section of the forecast 
model of temperature field 
and a bathymetry all in 3D. 
(all data from the Thredds 
catalog)

SOCIB Data Centre Facility. Example, viewing
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Data Centre / Buoys and Moorings Facility (phase 
0 – 2011 activities)

http://www.socib.es/?seccion=observingFacilities&facility=mooring

2011:
1 coastal buoy (Enderrocat)
3 tide gauge  (Port Andratx, Pollensa, La Rápita)

Data access: Free and real time / historical
Delivery data: OPeNDAP /THREDDS server hosting CF-compliant netCDF
http://thredds.socib.es/thredds/catalog.html
http://thredds.socib.es/thredds/catalog/data/observational/mooring/catal
og.html

Select instrument, select year and month, view using jwebchart and 
select variables….
http://www.socib.es/~jllodra/workspace/jwebchart/?file=http://thredds.s
ocib.es/thredds/dodsC/data/observational/mooring/buoy_enderrocat/201
1/201105_buoy_enderrocat.nc

Mobile phone access



SOCIB Engineering and Development (phase - 0 
AUV – 2011 activities)

ISY AUV – Italy 
– 2008

http://www.bluefinrobotics.co
m/

NURC – beach monitoring 
field experiment – TMOOS –



SOCIB Applications and Strategic Issues Society 
(Background…)



Títol general

El desarrollo y la implementación de un 
sistema de indicadores para la GIZC en las 
Illes Balears  desde la ICTS SOCIB (2006 –
actualidad)

II Conferència Econòmica de la Mediterrània Nord-Occidental - Barcelona, 6 i 7 de juny



Títol general

Proyecto de Indicadores GIZC Baleares

• Iniciado en 2006 por el IMEDEA (CSIC-UIB) y el Consejo Económico y Social de 
las Illes Balears (CES), continuado por el SOCIB desde 2009.

• Este trabajo se enmarcó en las actividades del Proyecto I+D+i GIZC (2005 –
2008) del IMEDEA, creado en 2005 conjuntamente con el Govern de les Illes 
Balears, con el apoyo de la Direcció General de R+D+i del Govern de les Illes 
Balears. 

Objetivo Principal
• Desarrollar e implementar una herramienta científica de apoyo a la toma de 

decisiones relacionadas con el desarrollo sostenible en la zona costera, 
siguiendo las grandes líneas internacionales, y recogiendo las necesidades de la 
sociedad de las Illes Balears. 

• Un indicador es una medida que proporciona una visión simplificada de un 
fenómeno más complejo, o que proporciona una visión más detallada sobre una 
tendencia, o que simplemente, no puede ser observada. De este modo, los 
indicadores cuantifican y simplifican una información (WG-ID 2002).



Títol general

Estructura del Proyecto I+D+i GIZC
www.costabalearsostenible.com 



Títol general

La situación ideal de las Illes Balears: idoneidad y 
oportunidades para alcanzar el reto de una sostenibilidad real y 
una GIZC basada en el conocimiento. 

 (a) existe el conocimiento científico de base necesario para 
implementar una GIZC (SOCIB, IMEDEA, etc.), 

 (b) existe un patrimonio natural y cultural globalmente bien 
preservado

 (c) existe la concienciación de la sociedad civil de la necesidad 
de preservar este patrimonio como elemento esencial del 
bienestar actual y futuro y como una estrategia clave de 
competitividad para asegurar la sostenibilidad del turismo, que 
es el motor principal de la actividad económica. 



Títol general

“What we measure affects what we do. If we have the wrong measures, we will 
strive for the wrong things” (Joseph Stiglitz 2010, Progressive Thinking, Nature 

Editorial).

Metodología - Diseño del Sistema de Indicadores GIZC Balears



Títol general

Resultados – Divulgación e implementación del Sistema



Títol general

Science to Society efforts

Dictamen del CES
(Consejo Económico y Social 
de Baleares, 2006-2009) 



Títol general



Títol general

Guía metodológica elaborada sobre 17 
indicadores seleccionados como prioritarios 
según su idoneidad e importancia.

Colaboración: SOCIB, IBESTAT, OBSAM – IME
(Observatorio socio-ambiental de Menorca)

El papel del OBSAM ha consistido en asesorar 
el trabajo del SOCIB y IBESTAT, sobretodo 
ofreciendo su experiencia en recopilación de 
datos de la administración pública y su 
transformación en indicadores. 

Estudio Piloto – Implementación en Menorca



Títol general

Fichas técnicas

Nombre del indicador
 Objetivo
 Conceptos
 Tipo
 Disponibilidad de datos
 Datos
 Fuente
 Período de referencia
 Escala de datos: espacial y 

temporal
 Unidades
 Metodología
 Procedimiento: pasos a seguir
 Comentarios

Resultado importante – sistema de indicadores 
GIZC incluido dentro del Pla Estadístic de les Illes 
Balears 2010-2013 [decret 109/2010, del 15 
d’octubre].



Outline

1. What is SOCIB?
2. Why SOCIB, why Coastal Ocean Observatories, and why now?
3. Background
4. Why in the Mediterranean?, Why in the Balearic Islands
5. Scales and major focus
6. Mission and Objectives
7. Principles
8. Components, Structure and Functioning
9. Initial results from ongoing SOCIB pilot facilities
10. Summary



SOCIB Summary

 SOCIB Consortium: a new way to 
fund marine research 
infrastructures, along lines of 
international initiatives such as 
IMOS, OOI, IOOS, etc.

 SOCIB: scientific excellence, 
science, technology and society 
needs driven.

 Partners and main actors: MICINN-
ICTS & Balearic Islands Gov. and 
later, CSIC, IEO, UIB, etc.  
IMEDEA, IEO, specific crucial role. 

 SOCIB total investment 36 M€
(2009-2021). 14 M€ equipments. 
2M€ running costs for 11 years. 

 SOCIB is/will be the main facility 
supporting the R&D activity in 
Operational oceanography in 
Balearic Islands.

 SOCIB is the first and only existing 
Large Scale ICTS Facility in the 
Balearic Islands.

 SOCIB will be an open access facility 
for any other R&D institution with 
similar concepts and focus.

 SOCIB has management, 
administration, budget and services 
autonomy and has own staff. 

 Strong and active involvement  and 
partnership with key Science and 
Technology institutions is a must for 
success of this initiative. 

 Implementation Plan formally 
approved in July 2010, present pilot 
facilities ongoing and SOCIB build-up!

 Still many unknowns, but we are 
ºworking on them…. 



Muchas gracias!!!




