
                            
                         
                                              

NEW CAPABILITIES FOR SCIENCE BASED 
OPERATIONAL OCEANOGRAPHY RESPONSE TO 
OIL SPILL IN COASTAL WATERS 
  
From 2001 to 2011: ten years of experiences… 
 

Joaquín Tintoré and the SOCIB and 
IMEDEA TMOOS team 

 
IMEDEA (UIB-CSIC) and SOCIB  

Chinese Delegation Visit, December 2nd, 2011  
 SOA-State Oceanic Administration-  
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Science for... IMEDEA work since 1990 ‘s… - 
Strategic Plan 2010-2013 – SCALE INTERACTIONS 

20 years of peer reviewed ‘basic’ 
Research Activity (observations and 
models): fronts, mesoscale eddies, 
shelf/slope exchanges, shelf dynamics, 
satellite altimetry, waves, sediments, 
beach variability, etc…  

that evolved incorporating …  

Technology Development (both 
transfer of technological products –spin 
off AMT- and transfer of management 
technologies –beach management, 
recreational boating carrying capacity, 
tools for decision support; ESI/NOAA, 
sustainability indicators- )  

that evolved as requested by society…  

Applications to respond to society 
needs (Operational oceanography, 
beach erosion, beach response extreme 
events, sand re-nourishment, socio-
economic valuation, ICZM, ICOM, MSP).   

(Available pdf file  at:  

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

 

  



                            
                         
                                              

The IMEDEA – Marine Technologies, Operational 
Oceanography and Sustainability  Depart. 

SCALE INTERACTIONS: from basin to sub-basin and local 
scales, to beach morpho-dynamics… 



                            
                         
                                              

Spanish and European 
framework: some examples 

Research through projects 

!



The IMEDEA pre-Operational Forecasting 
system (2002-2008)  
IMEDEA pre-operational circulation system in the Balearic 

Islands. System based upon three nested domains 
    Science based support to operational response.  

The system is a tool to forecast 
oil spill trajectories, drifting 
objects, etc.  
 
It is applied using a 
management subsystem based 
on GIS technology which aids 
for decision support to provide 
response to SAR operations or 
oil spill accidents. 

 



                            
                         
                                              

Tools for decision support under oil spill: ESI for 
all Balearic coast (1.200 km coastline) 

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

 ESI (Environmental Sensitivity Index) 



                            
                         
                                              Don Pedro Oil Spill - Ibiza 

Scientific support for oil spill response 
and damage assessments 
In close coordination to D. G. Emergencies, 
Balearic Government 

 



                            
                         
                                              

OBSERVATIONS	
  (RT)	
  and	
  
DATA	
  

Spill	
   Environment	
  

•  Localizations 
(helicopter, aircraft. 
In situ) 

•  Type and 
characteristics (NOAA 
methodology) 

•  Winds (Shore stations, 
ships,…)  

•  Sea temp. (in situ) 

Modelling	
  data	
  

•  Winds (HIRLAM AEMET) 
•  Sea breeze (analytical model) 
•  Currents (IMEDEA IFOSY) 
•  Waves (PE) 

Spill	
  Predicted	
  trajectory	
  
GNOME	
  -­‐	
  NOAA	
  

•  Movie showing the 
predicted trajectory 

•  Graphical outputs  
•  GIS outputs and viewer 
•  Estimates the amount of 

oil beached, still floating, 
or evaporated at specific 
times. 

•  Reports and assesments  

 

Environmental	
  
SensiDvity	
  Index	
  	
  maps	
  

Incident	
  web	
  site	
  
and	
  repository	
  

Response	
  agency	
  
Local	
  decision	
  makers	
  

The	
  IMEDEA	
  pre-­‐OperaDonal	
  ForecasDng	
  system	
  
(2002-­‐2008)	
  	
  



Visual	
  observa-ons	
  

GNOME	
  

ESI	
  

Imedea	
  currents	
  forecas-ng	
  

Reports	
  and	
  incident	
  web	
  site	
  	
  
for	
  decision	
  makers	
  	
  

REA	
  capability	
  



                            
                         
                                              

Any operational system needs amelioration, 
upgrades through research projects  



                            
                         
                                              

Atmospheric model 
HIRLAM (INM) 

Res.: 0,05 (0-48h)- 0.16º (48h-72h) 

Ocean 
circulation 

Deterministic + 

Probabilistic 
tracking of spill 

or SAR 

Ocean Model 
ROMS-Balop 
Res.: 1/42º 

Spill model 
------- 

D.5.1.1. Trajectory tool (M24, Sep. 2012) 
Diffusion 

o  Spill	
  model	
  
o  TOSCAv1	
  

(IMEDEA)	
  



                            
                         
                                              

GNOME (NOAA) 

What is ToscaV1 
 ….An Oil spill and trajectory model …… 

But …why? Since we have many (GNOME, TESEO, OILMAP…) 

An open tool (in the wide sense), multi-platform  
mixing the deterministic kind of models and the 
stochastic approach to build a trajectory tool in 
the probability  domain based on the advection 

diffusion of the kernel of probability.  



                            
                         
                                              

Technology Development, IMEDEA transfer to new 
spin off company AMT, UIB-CSIC / today 2011) 

http://www.albatrosmt.com      



                            
                         
                                              

0.5 cm/s

 30'  33'    2oE 
 36.00' 

 39'  42'  45' 

 28' 

 30' 

  39oN 
 32.00' 

 34' 

 36' 

In summary, background…  



                            
                         
                                              

Responding 
Science... and 
Society issues 

Project based 
– 3 years - 
Can be done!! 
 
But is 
inneficient  
Next Step 
  
 
 
SOCIB 
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The impact of new information infrastructures in 
understanding and forecasting the changing 
coastal ocean: SOCIB, an international Coastal Ocean 
Observing and Forecasting System based in the 
Balearic Islands) 

Joaquín Tintoré and the SOCIB team 
 
SOCIB and IMEDEA (UIB-CSIC)  
http://www.socib.eu  



                            
                         
                                              

Why SOCIB, why 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. 



                            
                         
                                              

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

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

n  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 and technologies development to cover 
the needs of a wide range of scientific research priorities and society needs. 

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. 



                            
                         
                                              

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 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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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 

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  
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SOCIB Facilities and Services – 2011 
www.socib.eu  

Already from SOCIB and/or in kind from CSIC and IEO and UIB:  
 
SYSTEMS OPERATIONS AND SUPPORT DIVISION 
OBSERVING:  
-  Glider Facility (7 Slocum + 2 iRobot gliders)  
-  Satellite remote sensing products  
-  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 

Bluefin Tuna 
target 
project 
 
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  

Glider Facility Activities 



                            
                         
                                              

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

o  scientific excellence, science, 
technology and society needs 
driven. 

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

o  Initial Proposal: 2006 and formal 
start: 12/2007, published officially 
BOE-5 April 2008 (SGPT-MEC) 

o  Total investment 36 M€ 
(2008-2021). 14 M€ equipments. 
2M€ running costs for 11 years. 
Equal investments 

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

o  Is the first and only existing Large 
Scale ICTS Facility in the Balearic 
Islands. 

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

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

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

o  Director: Joaquín Tintoré, 12/2008 
(Agreement CSIC-SOCIB) 

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



                            
                         
                                              OUTLINE 

1.  IMEDEA – TMOOS: SCIENCE FOR OPERATIONAL 
OCEANOGRAPHY  

n  PRE-OPERATIONAL SCIENCE BASED SYSTEMS (Prestige 
and Don Pedro Oil Spills)  

n  ONGOING RESEARCH PROJECTS (MyOcean, TOSCA, etc.) 

2.  SOCIB: THE NEW BALEARIC ISLANDS OBSERVING 
AND FORECASTING SYSTEM  

3.  IN SITU SOCIB VISIT: OPERATIONAL CAPABILITIES 
FOR SCIENCE BASED TOOLS FOR DECISION 
MAKING 



                            
                         
                                              

 
THANK YOU VERY MUCH! 

      All the IMEDEA and SOCIB team… 


