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Scientific Excellence with Impact on Society

(Marine Research Infrastructures ideal environment for Open Science 
development and implementation)





OUTLINE

1. Planet Ocean, Ocean Scales, Changes in our Planet, in Technology, Science, 
Society, … 

2. New Ocean Observing Systems: connecting the pieces of an N dimensional 
puzzle: the relevance of data & resources, beyond data… 

3. Transformative changes: Ocean Integration, the right time for  the Ocean, 
Research Infrastructures & Open Science

Topics for discussion: Are we ready for theses changes ? Do we have the capacities, the framework and right 
structures to get all the benefits from these changes ? 



OUR MAIN GOAL TODAY:  Climate Change, global warming is

ocean warming –

IP
C

C
  -

Sp
ec

ia
l R

ep
o

rt
 O

ce
an

 &
 C

ry
o

sp
h

er
e,

 2
0

1
9

Emergency situation: action and transformation required
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WHY IS THE OCEAN IMPORTANT
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Goods and services: welfare 

Human Health

Climate

Navigation & 
Maritime Safety

Ecosystems 
conservation

Energy

Tourism 

Coastal zones

Marine 
Resources

The Ocean provides 50 % O2, absorbs 90% excess heat generated & 1/3 of CO2 

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiUvtP_gurRAhUEvBQKHaX4Co0QjRwIBw&url=http://trayectorio.com/los-arrecifes-de-coral/&bvm=bv.145822982,d.d24&psig=AFQjCNG_Y6WCx-qB7yhksazTWTfcn9tjHw&ust=1485870935319074
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Connectivity, Scales, Limits, Sustainability

ONE OCEAN – ONE PLANET



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

We need to characterise Ocean State AND VARIABILITY at 

Different Scales (basin, sub-basin, local & coastal interactions)

We need: 
• Long time series
• Synoptic data

But… we need more than 
“just data”



CHANGES IN TECHNOLOGIES: drivers of change…

Gliders,… “the quiet revolution” (Emma Heslop)



CHANGES IN SCIENCE: OCEAN OBSERVATION AND DATA 

AVAILABILITY → PARADIGM SHIFT 

From:   Single Platform - Ship based observation 

To:       Multi-platform observing systems 
Network - distributed 

Systems

Platform-centric 

Systems

(Adapted from Steve Chien, JPL-NASA)

“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)

http://www.nature.com/news/marine-science-oceanography-s-billion-dollar-baby-1.13803
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Ocean variability, from the coast to the open ocean, 

and from events to climate

→ … DISCOVERING ELEMENTS OF THE OCEAN VARIABILITY AT 

DIFFERENT SCALES: THE MEDITERRANEAN SEA



CHANGES IN CONCEPTS:… 

Redefining Scientific Excellence



CHANGES IN SOCIETY & INTERNATIONAL FRAME

“The Blue Economy is a knowledge based economy looking to the 
sea, not really for extraction of natural goods but for data to 
address societal challenges and inspire solutions” R. Spinrad, NOAA 
- 2016. 



WHAT IS SOCIB?: a Research Infrastructure, a multi-platform observing & 

forecasting system, from nearshore to open sea & from events to climate

3 DRIVERS

- Science priorities

- Technology Development

- Society Needs

-> SYSTEMATIC & SUSTAINED 

OBSERVING 

-> OPEN DATA ACCESS

- Free/open data 

- Endurance lines

- Competitive Open Access

COLLABORATIVE 

- CSIC, CSIC/IEO, UIB

INTERNATIONAL EVALUATION

- Every 4 years

www.socib.es

Tintoré et al., 2013; 2019

National, Collaborative Research Infrastructure

Leadership – Partnership – Principles 
(close to Open Science, “but we did not know”!)

KPI Scientific Production: 
- > 200 papers, 2011 - 2023
- 20 EU projects, 2014 – 2023
- 8 contracts private sector
- 8 agreements public sector
- External funding: > 6 M€
- Building trust and partnership 
through collaboration 

Timeline: 
- Proposal 2006 & approved in 2009

- Designed & built 2010-2013 

- Included in Large Scale RI Map, 2014

- Regional Digital Twin, 2024-2030

http://www.socib.es/


Gliders

HF radars

Drifting 
buoys

Moorings

ARGO floats
profilers

Tide Gauges

Research  and 
opportunity vessels

Beach 
Monitoring

Marine animal 
tracking

WHAT IS SOCIB?: a Research Infrastructure, a multi-platform observing & 

forecasting system, from nearshore to open sea & from events to climate



SOCIB INTEGRATED APPROACH TO OCEAN OBSERVING

Data Reliability: FAIR data and TRUST repositories 

Access to Resources (tools, software, methods,…) & Metrics; Trans-National & Virtual  



SOCIB: A PUBLIC LARGE SCALE RESEARCH INFRASTRUCTURE. A 

STORY THAT STARTED IN 2009, OPERATIONAL 2014 AND TODAY … 

Data Services

Infrastructure Stakeholders

Science for Society

Innovation strategy 
and sectors

Álvarez-Berastegui et al,. 2016

Hernández et al., 2016

Multi-platform

Share-data Meet user-needs

Ocean observing > user-driven  

Make 
Data 

FAIR & 
TRUST



DATA & OCEAN OBSERVING VALUE CHAIN: THE DATA DELUGE !

Marine observation data has potential for huge innovation through 

data collection, analysis & application

SOCIB
DATA REPOSITORY



SOCIB Data Management Framework

Ocean data has potential for innovation through data collection, analysis & application

DATA
MANAGEMENT

SYSTEM

SOCIB
DATA REPOSITORY

Curated data

Research Projects 
and
Society Needs

Archive, Open Access, FAIR

Raw/Processed RT data
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SOCIB GLIDER DATA WORKFLOW

FAIR by construction … 



SOCIB Data Repository: data dissemination & user interfaces

thredds.socib.es

Data server: the structure and 

organization of the data responds to 

operational criteria. It also offers 

access through standard services 

(OPenDAP, WMS).

Operational 

data apps.socib.es/data-catalog

Catalog of data products: operational 

data in the best available quality, 

packaged according to scientific 

criteria. Data products have a DOI.

Data Catalog

api.socib.es

Machine-to-machine interface REST 

API to access repository data and 

metadata.

API M2M

3 user interfaces to support different use cases



CORE TRUST SEAL and FAIR AT SOCIB

The best way to make your data FAIR is to make use of a data repository that is FAIR-

aligned and complies with international data repository standards such as CoreTrustSeal
www.fosteropenscience.eu

https://www.coretrustseal.org/


SOCIB DATA REPOSITORY: supporting Open Science

FAIR

OPEN 
ACCESS

TRUSTSOCIB
Data Repository

Accessible scientific research and data, open to all citizens



OCEAN CURRENTS AND VARIABILITY: eddies & instabilities: the 
mesoscale & sub-mesoscale, the ‘ocean weather’
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Ocean eddies contain the major part of ocean kinetic energy: 
- Key to understand climate (heat transport, vertical 
exchanges), 
- Ocean health and ecosystem variability (nutrients, 
spawning areas),
- Operational response (SAR, oil spills,  plastics).  

Theory and observations have shown a maximum energy 

at the mesoscale/fronts & eddies ~10-100km
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Vertical motions in ocean eddies:  from, 
10 m/day  to up to 2.000 m/day !!!



HIGHLIGHTS: SCIENCE

→ CALYPSO PROGRAM

Mahadevan et al., 2020: BAMS

KPIs: 

US-ONR Funded DRI in Spanish waters 

(Alborán & Balearic Sea); 2017-2024. 

Funding:  > 30 M$ and + 10 outstanding US 

Teams involved; WHOI, MIT, Harvard, 

Scripps, UW, etc. 

CSIC/IMEDEA & SOCIB leadership

At the fore-front of international science 
questions and discoveries

Open Access, Open Data, Collaboration, 
Integration,… 1st steps! 



MARINE 
AND 

COASTAL 
RESEARCH 

MARITIME 
SAFETY

MARINE 
SPORTS 

BEACH & 
COASTAL 

COMMUNITI
ES

COASTAL 
PROTECTION, 

PLANNING,  
GOVERNANCE

EDUCATIONSUSTAINABILITY 
OF ISLANDS & 

CLIMATE
CHANGE 

MSP, ICZM & 
OCEAN 

MANAGEMENT 

PORTS AND 
SHIPPING

SUSTAINABLE
MARINE 

ECOSYSTEMS
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HIGHLIGHTS: MISSION DRIVEN INNOVATION STRATEGIES, & 

BLUE ECONOMY 

SOCIB DECISION SUPPORT TOOLS EXEMPLARS:
- Rip-currents App for lifeguards & beach safety 
- Sea level rise Balearic coasts & IPCC Scenarios
- Bluefin tuna spawning & ICCAT indices 
- Meteo-Tsunami early warning 
- Oil spill forecasting & coastal response 
- Environmental Sensitivity Index web application
- Marine Heat Waves web tool 
- … 

Today: SOCIB is providing data, 

resources,  knowledge & advice to 

10 sectors of society

From Science to Society:  a well defined Mission oriented Innovation Strategy, 

responding to society needs from solid scientific grounds 



HIGHLIGHTS: SCIENCE, OPERATIONAL RESPONSE & SOCIETY, 

BUILDING TRUST - SASEMAR

Reliable current observations and 
forecasting are essential

Easily interpretable metrics

User-friendly automated skill 
assessment

Provides real-time information of the 
most accurate ocean current forecast

in the IBI area

End-users needs

IBISAR service

Facilitates decision-making to SAR 
operators and emergency responders

IBISAR: real-time data ranking in the

IBI area for emergency and SAR operators

KPIs:

PI: Dr.  Emma Reyes, SOCIB

Revelard et al., 2021: 

Front. Mar. Sc.



Alvarez-Berastegui et al. (ICES 
JMSc., 2016) 

HIGHLIGHTS: Bluefin Tuna, linking ocean variability & species ecology 

to improve population stock assessment

38.5

36

Sea Surface salinity (06/2016)

Alvarez-Berastegui D. 

Migration patterns along the year
(Eastern Stock)

Aranda et al, Pone 2013



© Salvador Sánchez / Alnitak

Ocean gliders are used to monitor biophysical

paramenters while following the trajectory of sea 

turtles in real-time

• EXTENDING CAPACITIES: 

• - Temperature profiles collected by sea turtles can 
complement near real-time ocean monitoring systems

• - In-situ data integrated into ocean observing systems
• - Use of ocean gliders & models to characterize 3D space

Adaptative sampling with ocean glider along the path of a satellite tagged turtle

Turtle dives (black) towards higher productive depths

Chlorophyll (log1p(mg m-3))

March et al., 2020: Glob. Change Biol.

HIGHLIGHTS: NEW OBSERVING SYSTEMS,  ANIMAL BORNE 

INSTRUMENTS

KPIs:

- AniBOOS



HIGHLIGHTS TOOLS:  Sub-regional Mediterranean Sea 
Indicators, from event detection to climate change

Juza & Tintoré (2021)
https://doi.org/10.3389/fmars.2021.610589

https://apps.socib.es/subregmed-indicators
(updated daily)

From event detection (marine heat wave) to long-term variations (ocean 

warming, sea level rise)

Mediterranean Marine Heat Waves

https://apps.socib.es/subregmed-marine-heatwaves

https://doi.org/10.3389/fmars.2021.610589
https://apps.socib.es/subregmed-indicators
https://apps.socib.es/subregmed-marine-heatwaves


HIGHLIGHTS: NEW Citizen Science in beaches, 

CoastSnap
OCEAN

LITERACY

CoastSnap Balears:  S’Amarador beach evolution



HIGHLIGHTS:  Science with and for Society, bi-directional Transfer of 

Knowledge, RRI

“In the end we will conserve only what 

we love, we will love only what we 

understand, and we will understand 

only what we are taught”, Baba Dioum
1968. 

OCEAN
LITERACY

“We are entering a new phase of community engagement in which scientists and society, educators, are 
encouraged to use the data, provide feedback on data access ease and quality and in the process, 
expand our knowledge on the oceans” – Fulweiler, Gawarkiewicz,  Davis, OOI, EOS, August 1st, pag. 9, 2016)



HIGHLIGHTS: SOCIB and Society

We carry out 

events and trainings

On-site and 

Online activities 

for all audiences

We design 

resources 

Focussing on 

the educational 

community

We communicate

Radio, TV, Social 

Media 

Research results, 

products, data, 

services and 

activities

We organize 

contests

Online 

activities for 

all audiences

83 events & activities 

285.645 assistants

4 national contests

3.494 participants

76 resources & materials

3 languages 1.314 news

SOCIB promotes ocean literacy with activities to discover, learn, generate awareness, 

inspire, and empower citizens and stakeholders towards protecting OUR OCEAN.



SOCIB and OPEN SCIENCE

9 / 12 

Research infrastructures, physical and virtual: ideal structures / ecosystems for 

effective implementation of open science





We need real transformation in ocean observation, 
we need a real change:  “ocean integration”

for enhanced science and responding to 
society challenges



“The harmony on top of the different component” 
Riccardo Muti

“From egosystems to ecosystems” Gerd Leonhard & 
Xavier Ferras 

“The diversity in the orchestra is to be combined with the need of integration 
to reach an overall common goal above each one of the elements”

INTEGRATION  

“Optimism , which actually means courage, hope, trust, solidarity... the 
belief that we can work together...injecting optimism into the system”

Cristiana Figueres

+



The ocean observing system needs organizational transformative changes,  

cultural, behavioral , management…. 

OCEAN INTEGRATION: a call for transformative organizational 

changes
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Build a collective impact organisation

• Agreeing on a common agenda & principles

• Connecting the diverse communities

• Redesigning a robust governance structure

• Establishing clear design & implementation plan

Reach sustainability

• Elaborating mission-based funding strategies

• Efficiently communicating the value of ocean observing

• Facilitating the transition from research to operations

Promote a culture shift: OPEN SCIENCE…

• Redefining scientific ”excellence”

• Fostering FAIR data, TRUST  digital repositories & BPs



SUMMARY: THE RIGHT TIME FOR THE OCEAN & OCEAN 

OBSERVING SYSTEMS, & OPEN SCIENCE A CLEAR PATHWAY

- Changes in Science, Technologies, Science to Society relations, new opportunities: UN Ocean Decade, 
Digital Twins,... 

- Regional & Coastal Ocean Observing Systems/Marine Research Infrastructures: key elements leading 
theses changes because: 

- Critical mass, scientific excellence driven, and also… 
- Mission oriented, multi-disciplinary approach & Integration capabilities, leadership
- Society Engagement,  RRI

In other words: …

Research Infrastructures provide the symbiotic ecosystem that allows “Scientific Excellence with Impact on Society”, effective 
synchronization elements, building trust and reponding to a clear & well established common goal, fully aligned with Open 

Science. But ... we still need INTEGRATION... , leadership & transformation... 



45

SOCIB TEAM



SOCIB PARTNERS; integrating science, technology and society 

“We investigate the ocean. we share the future”



Thank you!


