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The Story…  

New multi-platform ocean observing systems are 
transforming the interplay between humans and 
the oceans 
 

 - New capacities that are not yet routine, but that 
will become routine in next years. 

 - Major scientific breakthroughs and enhanced 
response to society needs.  



3 Messages:  

1.  Changes in Science: in how we do science and 
in Ocean Observation.  

2.  Mediterranean leadership and new Ocean 
Observatories/Infrastructures; the SOCIB case 
&  some examples; connecting  pieces of an N 
dim. Planet Ocean puzzle. 

3.  Changes in how science interacts with society: 
“Science with and for Society”.  



Changes in science…  



From: single scientist / single process studies… (still needed!) 
To: observing systems of our oceans & interactions 	

OOI, Regional Scale Nodes (Delaney, 2008) 

“Things	have	to	be	made	as	simple	as	possible,	but	not	
simpler”	(Albert	Einstein).		
	
….	Monitoring	…	at	the	right	scales…!!	



Last decade: characterization of the State of 
Large Scale open ocean circulation 

http://www.euro-argo.eu  
262 floats with biogeochemical sensors  
638 European floats (18%) 

Argo programme and satellite altimetry allowed characterisation of the state 
of the large scale open ocean circulation 

Successful international cooperation programme… 

Schema,c	diagram	of	a	single	Argo	float	cycle		
	

Loca,on	of	3629	
ac,ve	Argo	floats	in	
July		2014,	color	–
coded	by	na,on.	
Source:	Argo	
Informa,on	Centre		



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	interpreta1on	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 Next decade… Ocean Variability 
at the right scale…yes we can!. 



New Technologies: drivers of change…. (gliders just 
an example) 



New Technologies: Paradigm Shift  
  Ocean Observation (and data availability) 

From:			Single	Pla3orm	-	Ship	based	observa1on		
To:							Mul1-pla3orm	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) 



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 
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Time  
series 

Spatial  
survey 

HF radar 

Gliders 

AUV’s 

Satellite 



Next decade… Ocean Variability and … at the right scale…
meso & sub-mesoscale 

Mahadevan	(Nature,	2014)	

The	Mediterranean	Sea:	a	reduced	scale	
ocean	lab.,	processes	characterized	with	
smaller	scales	than	in	other	oceanic	
regions	(Robinson	et	al.	2001).	

Theory and observations have shown a 
maximum energy at the mesoscale/fronts & 
eddies ~10-100km 



The real challenge for the next decade…:  

	
To	use	and	integrate	these	new	technologies	to	carefully	

and	systema1cally		
	
-  Monitor	 the	 variability	 at	 small	 scales,	 e.g.	mesoscale/
weeks,	to		

-  Resolve	 the	 sub-basin/seasonal	 and	 inter-annual	
variability	and	by	this		

-  Establish	 the	 decadal	 variability,	 understand	 the	
associated	biases	and	correct	them	…	 

 



Changes in Science: we need Integration & 
Cooperation for Platforms and Scientists   

Are we ready for theses changes?  
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in Ocean Observation.  
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dim. Planet Ocean puzzle. 
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Short spatial scales in the Mediterranean Sea  

First	baroclinic	deforma,on	 radius	 (km)	 from	a	numerical	 simula,on	 (Copernicus	
Marine	Service).	Courtesy	Angélique	Melet	(Mercator-Ocean)	

Why the Mediterranean? :  scientific motivation 



First	Rossby	radius	of	deforma,on	(km)	from	Escudier	et	al.	(2016).		
	

Small spatial scales 

Algerian		Basin	

Alboran		Sea	

Mallorca	

AFRICA	

Objectively …an ideal Lab 
for Ocean Processes study: 
 
- Thermohaline circulation 
-  Water Masses formation & 
spreading  
-  Boundary currents 
-  Meso & sub-mesoscale & 
vertical exchanges 
-  Interactions and effects on 
circulation and ecosystem 
response… 
-  
…	
	

Why the Mediterranean? :  scientific motivation 

Small Scale Ocean of key Relevance EU 
Citizens  Scientific, Societal & Political 
dimensions 



Mediterranean Leadership 

 
Background: Mediterranean leadership in Europe 
and worldwide, for 25 years: key process 
studies, relevance of EU vision with MTP’s, 
Observing systems, Open Data. 	
	
The future: Med. better linked to major EU 
initiatives and Med scientists LEADING again 
process studies/initiatives of worldwide interest 
(POEM, Donde va, …) 
 
Good perspectives… 



What is SOCIB?: A Marine Research Infrastructure:  a multi-
platform observing system, from nearshore to open-ocean 

3 DRIVERS 
- Science priorities 
- Technology Development 
-  Society Needs 
	
OPEN DATA PRINCIPLES 
 
ACCESS MODES 
-  Free/open data  
-  Endurance lines 
-  External Open Access.  
 

	
	

www.socib.es	

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

Proposal 2006.  Approved in 2009. 
Operational since 2014.  



SOCIB & IMEDEA (CSIC-UIB) Team 

TEAM WORK: “Connecting the pieces of an N dimensioanl Planet 
Ocean puzzle” 



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

MA	Rujula	



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

Balear
ic  
Curren
t 

Northern 
Current 

….	Ideal	lab	to	study	global	ocean	problems		



ALBOREX: meso-submesoscale process study/ 
Multi-platform experiment in Alborán Sea  

•  25 drifters 
•  2 gliders 
•  3 Argo floats 
•  ADCP  
•  Thermosalinograph 
•  80 CTDs 
•  Nutrients  
•  Chlorophyll 
•  Remote sensing 
•  Modeling 

Lead by CSIC (Dr. Ananda Pascual) with strong involvement from SOCIB, 
OGS, CNR and collaborations with WHOI, IEO, UMA.  



Northern	
Current	

Balearic	
Current	

AW	Inflow	

AW	Inflow	

THE IBIZA CHANNEL – CIRCULATION ‘CHOKE’ 
POINT 
                
  

Marc	Torner	

Emma	Heslop	



IBIZA CHANNEL – GEOSTROPHIC TRANSPORT FROM 
GLIDERS 

Stronger	winter	transport	

Interannual	shiIs	in	water	mass	proper1es	

2014	no	WIW	

LIW	max.	warmer	(max.	T	13.5)		

Strong	inflows	fresh	
AW		
S	<	37.5	

WIW	warmer	T	>	13.2	
2016	liZle	WIW	

High	frequency	variability	in	
transport	(Heslop	et	al.	2012)	

Emma	Heslop	



Sea	Level	Anomaly	(color	scale)		
Geostrophic	velocity	anomalies	(black	arrows)		

	
Blue	dots	show	the	glider	track	from	15th	Sept	to	20th	Oct	2014.	

New oceanography: adaptive monitoring by 
gliders 

Cotroneo	et	al.,	2016	



 Ocean Forecasting Facility: WMOP forecasts 
systematic evaluation 

WMOP	ocean	forecasts	
	

Satellite	
Ship-based	CTDs	

Moorings	

Surface	driIers	

HF	radar	

Gliders	

Argo	floats	

Near real-time 
Delayed mode 

www.socib.es 

Bap,ste	Mourre	



Ocean Forecasting Facility:  Multi-Platform Assesment 



Ocean Forecasting Facility:  Model assessment & HF 
Radar assimilation 



Ocean Forecasting Facility: Meteo-tsunamis forescast 



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

Bluefin Tuna:  linking ocean variability & species 
ecology to improve population stock assessment 

38.5	

36	

Sea	Surface	salinity	(06/2016)	

Alvarez-Berastegui	D.		

Migra1on	paZerns	along	the	year	
(Eastern	Stock)	

Aranda	et	al,	Pone	2013	



Seaturtles: Animal-Borne Instruments in Operational 
Ecology for Dynamic Ocean Management 

hhp://seaturtle.socib.es/en/turtle-viewer/#		

David	March	
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SOCIB Outreach and Education; MEDCLIC 

NEW	PHASE	COMMUNITY	ENGAGEMENT;	“We	are	entering	a	new	phase	of	community	
engagement	in	which	scienIsts	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	coastal	oceans”	–	Fulweiler,	Gawarkiewicz,		Davis,	OOI,	EOS,	August	1st,	pag.	9,	2016)	



MEDCLIC, www.medclic.es  

hhp://followtheglider.com 	



SOCIB Outreach and Education; MEDCLIC 

hhp://followtheglider.com 	



Summary: 3 Messages 

1.  Changes in Science: in how we do science and 
in Ocean Observation.  

2.  Mediterranean leadership and new Ocean 
Observatories/Infrastructures; SOCIB examples 
connecting pieces.  

3.  Changes in how science interacts with society: 
“Science with and for Society”.  



INTEGRATION & COOPERATION:  combining Excellent 
Science with IMPACT ON SOCIETY…. 

www.socib.es		

Thanks	!!!	Thank	you	

– “The real voyage of discovery consists not in seeking new landscapes, but in having 
new eyes”. (Marcel Proust)  
 
“Le véritable voyage de découverte ne consiste pas à chercher de nouveaux paysages, 
mais à avoir de nouveaux yeux”  


