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NASA's Aquarius salinity, from December 2011 through December 2012	
  

A complex system we need to understand for 
sound management 



                            
                         
                                              

Oceans are complex systems, we need to characterise their state and 
variability 

NASA. Ocean current flows in the Mediterranean (2 mins. - 16 Feb 2005 through 16 January 2006). http://svs.gsfc.nasa.gov/goto?3820  



                            
                         
                                              

Oceans and coastal interactions are complex, central to the Earth system, 
Management is needed. No oversimplification.  

OOI, Regional Scale Nodes (Delaney, 2008) 

“Things have to be made as simple as possible, 
but not simpler” (Albert Einstein).  

OOI, Regional Scale Nodes (Delaney, 2008) 



                            
                         
                                              

•  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) 

Environmental threats 

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

Theses threats are not only local, 
global change scenario 



                            
                         
                                              

Three sub-systems: 

Natural 

Socio-economic Administrative 

Complex system 

•  “Things have to be made as simple as possible, but not simpler” (A. Einstein) 

•  “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). 

 

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



                            
                         
                                              

The oceans and the coasts are chronically under-sampled.  
We need: long time series and synoptic data.  

OOI, Regional Scale Nodes (Delaney, 2008) (Credit, Oscar Schoefield) 



                            
                         
                                              

Marine research in the past 20 years has focused on defining the present day 
ocean circulation. From these measurements of ocean circulation, we begin to 
understand how biogeochemical distributions are set and how the ocean and 
atmosphere interact to determine the present climate [4]. 
 
The key issue for the next 20 years is to understand how the ocean circulation 
varies on inter-annual to decadal time scales 
 
And we need… “Careful analysis and interpretation of climate changes” 

In April 2009, the array recorded a 30% drop in average 
current strength that persisted for a year, reducing the 
amount of heat transported to the North Atlantic  

Εισαγωγή 
Changing Ocean Circulation 



                            
                         
                                              

Scientific challenges: key hot topics, long term monitoring 

Importance of control points or sections… 

HOT TOPICS:  
-  Eastern and Western boundary 

Currents,  
-  Straits exchanges, Coastal ocean 

variability, Shelf/slope exchanges, 
-  Meso and submesoscale eddies, 

mean flow – eddies interactions, 
-  Upper ocean exchanges extreme 

events,  
-  Ecosystem response,… 
 

“Long-term monitoring of ocean properties and circulation is the key 
to understanding climate change and to developing our ability to predict 
future changes”. (Bryden et al., 2012; Phil. Trans. R. Soc.) 



                            
                         
                                              OUTLINE 

1.  The oceans and coastal areas,  present state and variability. 
Lessons from last decade. 

2.  Technology and Paradigm Change in  ocean observation, 
forecasting capabilities, Marine Research Infrastructures.  

3.  SOCIB a new MRI in the West Mediterranean; Science, 
Technology and Society. Nearshore / open Ocean. Multi-
platform integrated approach.  

4.  Innovation and Blue-Growth, the Challenges, More listening to 
society: real sustainability implies solid multi-disciplinary work 
involving social sciences, governance: …towards bridging the 
“science-policy gap”.   



                            
                         
                                              

 
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) 

New Technologies 
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Net-centric, Distributed  
Sensing Systems 

Platform-centric  
Sensing Systems 

Paradigm Shift (1): Ocean Observation 

(Adapted from Steve Chien, JPL-NASA) 

From:   Single Platform - Ship based observation  
To:       Multi-platform observing systems  
 



                            
                         
                                              

Data  Models 

Paradigm Shift (2): Data Availability 

From:  Data only available 12-24 months/years after cruises…. 
To: Quasi-real time quality controlled data available 
 

 
With… huge increase in human potential for analysis 
  

Inter-comparison 
 

NEW CHALLENGES:  Multi-disciplinary, multi-platform 
integration.  
 



                            
                         
                                              

NOW we can….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 
interactions with general 
circulation and their effects on 
vertical motions, impact on 
ecosystem variability.  
 

With inputs from ‘both sides’.... 
(nearshore and coastal ocean and 
also seasonal/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 



                            
                         
                                              

Εισαγωγή 

HCMR, Hellenic Centre for Marine Research 

Multi-Platform integrated approach 
 

 ….from local to basin scale 

“A single ship can only be in one place at one time. We need to be present in 
multiple places in multiple times.” (John Delaney, Nature,  Sept. 25, 2013) 



                            
                         
                                              

Εισαγωγή 

Tasks 3.1 Review of Existing Observing Capacities (from 
local to sub-basin and basin scale variability) – 
Identification of needs and gaps 
 

 
 

HCMR, Hellenic Centre for Marine Research 

FINAL D3.1 Review Report  
 
Review all the observations collected across 
6 major platforms; Argo profilers, surface 
drifters, R/V, open water moorings, gliders, 
local and coastal stations, and satellites, 
across all the SES region  
 
Identifies GAPS and NEEDS 
 



                            
                         
                                              

 
New Capacities for quasi-real time observation IMPLIES 
CHANGES IN OUR APPROACHES 
 
-  SCIENCE QUESTIONS 
-  TECHNOLOGY DEVELOPMENT 
-  SOCIETAL NEEDS (sound management and response crisis) 
 
Marcel Proust:  New eyes… “Le véritable voyage de découverte ne 
consiste pas à chercher de nouveaux paysages, mais à avoir de 
nouveaux yeux”, “The real voyage of discovery consists not in seeking 
new landscapes, but in having new eyes”.  
 

Why Ocean Observatories, why SOCIB and why 
now? 
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What is SOCIB? – A Multi-Platform Observing & 
Forecasting System based in the Balearic Islands 

Tintoré et al., 2013: Marine 
Tech.  Soc.  J., Vol. 47, N. 1, 
pp. 101-117 



                            
                         
                                              

SOCIB: Real Time, Free  
Access & Download, 
Quality Controlled Data 
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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.  



                            
                         
                                              

The SOCIB approach to sustained ocean observation… 

To assure the real sustainability of the seas and oceans and of the 
observing systems, SOCIB was designed: 
 

 à RESPONDING  TO 3 KEY DRIVERS 

•  Science Priorities 
•  Strategic Society Needs  
•  Technology Developments 
 

 à BALEARIC ISLANDS, EXTENDING FROM THE NEARSHORE 
 TO OPEN OCEAN  

 



                            
                         
                                              

Balearic Sea (fronts, mesoscale eddies, blocking, 
hotspot, ecosystem response) 

Balear
ic  
Curren
t 

Northern 
Current 

…. Ideal lab to study global ocean problems  



                            
                         
                                              

Operational Modeling:   ROMS, 2km, to 
reproduce and maintain mesoscale 
features, interactions. In collaboration with 
PE and in the frame MFS/MOON. WRF 
Atmospheric Model. SWAN  for coastal 
ocean wave  Dynamics and Habors (with 
PE) 
 
Aim :  
-  Validate the model with measurement 
(gliders, ...) 
-  From available data and model 
simulation (5 years), study the formation 
of mesoscale structures. 
-  Understand impact of meso/
submesoscale  on circulation and on the 
ecosystem 

SST from 11/2008  

Modelling Facility 



                            
                         
                                              

 
Oil-spill mapping 
Land vulnerability 

Security in beaches – rip currents 
Prediction of trajectories from Tsunamis.  

Pre-operational systems being implemented; 
coastal ocean and beaches 



                            
                         
                                              

Residence time, coastal–open ocean exchanges, 
eutrophication 

Cobertura de Posidonia 
oceanica 

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. 



                            
                         
                                              Tools for decision support under oil spill: 



                            
                         
                                              Modelling Facility; Meteotsunamis forecasting 



                            
                         
                                              

Initial Activities and First Results:  
•  Compilation of historical larvae data from various projects at IEO 

•  Link fishing data with ROMS, remote sensing and in situ hydrography 

•  Validate ROMS historical hydrographic data (SST and SSS) in the study area 

•  Development of an analysis framework and tools for modelling habitat-species 

relations. 

•  Development of field campaigns for studding specific key ecological questions 

•  Organize a inter-institutional working framework for data management and project 

flow control 
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Bluefin Tuna Target Project: scientific problem solving 
for sustainable fisheries: at SOCIB since 2011 
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32 

TMTBMF is a MODULAR SYSTEM designed to monitor continuously and 
in an autonomous way short and long term physical beach hydrological 

and morphological parameters. 

MOBIMS 

PRODUCTS & SERVICES FOR 
BEACH MORPHODYNAMICS 
RESEARCH, BEACH SAFETY 
& COASTAL MANAGEMENT 

Beach videomonitoring 
(SIRENA)  

Waves and currents 
(ADCPs) 

Bathymetry and  beach      
profiles surveys 

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

 

(extreme storms Nov. 2001) 
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                                              Alcudia Bay 

We know that with today’s knowledge, actions undertaken in the past would be done 
differently.  (extreme storms Nov. 2001) 



                            
                         
                                              

Technology development – Beach Safety 

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



                            
                         
                                              

Introducction      Study         Data and         Results                                        Concluding 
                             site             methods                    remarks 

Factory of biogenic  
sediments 

Influence on  
beach profiled 

adjustment and wave 
attenuation (reef effect)  

Banquettes erosion 
protective role 

management policy  
and human erosion 

Influence on  
sediment budget 

P. oceanica play an important 
role in many coastal 
processes… 

✔ 

✔ 

✔ 

???�



                            
                         
                                              

Data Center: Life cicle data  



                            
                         
                                              

APPLICATIONS 

SOCIB MOBILE 
TECHNOLOGIES 

USERS 

•  General public 
•  Researchers 
•  Technicians 

Apps for real-time data from fixed stations (oceanographic 
buoys, sea level stations and coastal weather stations, etc.) 
and glider trajectories 

API 



                            
                         
                                              

Glider Educational Tool 
 
http://followtheglider.com/en/  
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SOCIB Applications and Strategic Issues Society 
Division 

Science based management 
technologies developed, driven 
by interest from Balearic 
Islands (gov&soc). 

-  Beach erosion – extreme 
events in 2001  

-  ICZM Project 2005-2008: 35 
projects - Example: 
Sustainability Indicators – 
together with CES Council. -  

-  ICOM, MSP 2010 
1.1 Environment

1.2 Society, economy and culture

1.3 Governance

The horizontal projects respond to 
cross-cutting research needs 
requiring an interdisciplinary 

approach

Responds to the need for 
new scientific tools and 

technologies that support 
ICZM in the Balearics

INNOVATION OF 
TECHNOLOGY AND 

SERVICES
RESEARCH 

TECHNOLOGICAL 
DEVELOPMENT 

1.1 Environment

1.2 Society, economy and culture

1.3 Governance

The horizontal projects respond to 
cross-cutting research needs 
requiring an interdisciplinary 

approach

Responds to the need for 
new scientific tools and 

technologies that support 
ICZM in the Balearics

INNOVATION OF 
TECHNOLOGY AND 

SERVICES
RESEARCH 

TECHNOLOGICAL 
DEVELOPMENT 

“Bridging the science-policy gap is arguably the biggest current challenge to 
achieving sustainability” (Lubchenco and Sutley, 2010, Science). 



                            
                         
                                              

SOCIB Applications and Strategic Issues Society 
Division 



                            
                         
                                              

SOCIO-ENVIRONMENTAL 
STUDIES FOR DETERMINATION 
CARRYNG CAPACITY IN BEACHES 



                            
                         
                                              

SOCIB (contribution to IMP, e.g., MSFD), 
PERSEUS and Know Seas EU Projects 

•  MSFD A KEY SOCIETAL DRIVER:  requires (1) An Initial Assessment present 
status to guarantee achievement of (2) Good Environmental Status by means of 
actions that include (3) Monitoring Programs and detailed (4) Programs of 
management measures.  

1  2 3 4 



                            
                         
                                              

SOCIB (contribution to IMP, e.g., MSFD), 
PERSEUS … 

SOCIB and MRI role; by Integrating different types of monitoring platforms at 
different scales, and by this, providing data and tools, contribute to establish MSFD 
pressures & states indicators. 
 



                            
                         
                                              

Εισαγωγή 

Task 3.3 New Observing Components 
Subtask 3.3.3 Fishing Fleet Vessel Monitoring System (HCMR) 
 
Three VMS areas: Baleares, Adriatic, Aegean 

HCMR, Hellenic Centre for Marine Research 
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Innovation, Blue Growth and Marine 
Infrastructures 

•  Back to Gliders: innovation process, incubation time 
•  Innovation and changes in science-technology and society 

structures in Europe 
-  Collaborative, multidisciplinary teams. Long term objectives. 

Creative champions among funding agencies and investor 
organizations.  

-  Structural changes needed for this to take place in Europe. 

•  Critical mass; from science, with technology and to 
society…  

•  Data Availability:  
-  New Observing Systems & Data Availability à Key for new JOBS!!!

 (Ocean innovation and Blue Growth, EC Communication. Marine 
 Knowledge 2020: europa.eu/rapid/press-re… 
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3 elements:  
 
- Oceans complexity imply and 

drive a need for improvement 
of instrumental capacities 

 
- T h e i n n o v a t i o n p r o c e s s , 

complexity and incubation 
time:  

   . Incubation time: 15-30 years 
(computer mousse, 30 years). 
Gliders 10 years. WHY? 

- The key to success  

(Curtin and Belcher, TOS, 2008) 

3 



                            
                         
                                              

The innovation process (for advancing 
instrumentation) 

(Curtin and Belcher, TOS, 2008) 

3 key decision 
centres:  



                            
                         
                                              

The key to success for radical innovation in 
oceanographic instrumentation  

1.  Visionary leadership 
2.  Close coupling between science and engineering 
3.  A coherent investment strategy based on distributed, coordinated 

resources 
4.  Effective processes for communication, feedback,  and contingency 

planning.  
5.  Incentive to assume responsibility for risky instrumentation 

development projects without undue career jeopardy.  
 
In summary: work in collaborative, multidisciplinary teams, focused on 
long term objectives (while producing short-term success), and find 
creative champions among funding agencies and investor organizations.  
 
 
 



                            
                         
                                              

SOCIB and Coastal Observatories /  
Marine Research Infrastructures 

Committee on an 
Ocean Infrastructure: 
Strategy for U.S. Ocean 
Research in 2030. NRC 
(2011) 
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1.  Technology changes drive major paradigm change ocean and coastal 
observation  

2.  Implies important changes in science and management 

3.  Use and integrate new technologies to characterise coastal and ocean 
variability: select key control sections for routine monitoring ‘choke or 
control points’  

4.  Work in collaborative, multidisciplinary teams 

5.  Increase science-society interactions … role of social sciences key…  

 

 Question: Is the science/scientific system adequate for this change ? 

 

Marine litter-Tourism; SUSTAINABILITY…. “Strong science for wise decision”. 


