Chinese Delegation Visit, December 2nd, 2011
SOA-State Oceanic Administration-

NEW CAPABILITIES FOR SCIENCE BASED
OPERATIONAL OCEANOGRAPHY RESPONSE TO

OIL SPILL IN COASTAL WATERS

From 2001 to 2011: ten years of experiences...

= Joaquin Tintoré and the SOCIB and
IMEDEA TMOOS team

IMEDEA (UIB-CSIC) and SOCIB

SOCIB 2aearicisiands
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OUTLINE

1. IMEDEA - TMOOS: SCIENCE FOR OPERATIONAL
OCEANOGRAPHY

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

B 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
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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 ... _—c r»* e "
¢ Plan 2010-2013
Technology Development (both =

transfer of technological products -spin =~ =~ e S

- = 7
——— P -
= 3 R

off AMT- and transfer of management : e —
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)
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The IMEDEA - Marine Technologies, Operational
Oceanography and Sustainability Depart.

SCALE INTERACTIONS: from basin to sub-basin and local
scales, to beach morpho-dynamics...
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Research through projects
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Spanish and European
framework: some examples
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NETWORK FOR A BETTER RESPONSE
TO MARITIME ACCIDENTS
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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 : WZEHN 1. Operational
oil spill trajectories, drifting AtmospheriCll Coastal T . TS
’ forcing Model System

objects, etc.

. . 2. Lagrangian
It is applled using d drifter module
management subsystem based
on GIS technology which aids

for decision support to provide 3, Management

response to SAR operations or Assesment sub-system
oil spill accidents.

Institut Mediterrani d’Estudis Avangats




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)
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Don Pedro Oil Spill - Ibiza

39.550°N

and damage assessments

In close coordination to D. G. Emergencies,
Balearic Government &
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The IMEDEA pre-Operational Forecasting system
* Localizations (2002'2008)

(helicopter, aircraft.
In situ)

+ Type and
characteristics (NOAA

methodology)

OBSERVATIONS (RT) and Incident web site
DATA and repository

* Winds (Shore stations,
ships,...)
* Sea temp. (in situ)

Environmental
Environment Sensitivity Index maps

Movie showing the
predicted trajectory
« Graphical outputs

Spill Predicted trajectory + GIS outputs and viewer

Modelling data GNOME - NOAA » Estimates the amount of

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

* Reports an sesments

Winds (HIRLAM AEMET)

Sea breeze (analytical model)
Currents (IMEDEA IFOSY)
Waves (PE)

Response agency
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Any operational system needs amelioration,
upgrades through research projects

NETWORK FOR A BETTER RESPONSE
TO MARITIME ACCIDENTS
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D.5.1.1. Trajectory tool (M24, Sep. 2012)

Atmospheric model

HIRLAM (INM)
Res.: 0,05 (0-48h)- 0.160 (48h-72h,

Ocean Model
ROMS-Balop
Res.: 1/42°

NETWORK FOR A BETTER RESPONSE




What is ToscaV1

....An Qil spill and trajectory model ......

But ...why? Since we have many (GNOME, TESEQO, 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.

NETWORK FOR A BETTER RESPONSE
TO MARITIME ACCIDENTS




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

albatros

marine technologi

INICIO EMPRESA SERVICIOS PRODUCTOS PROYECTOS I+D CONTACTO LINKS

Rov Micro 1.0
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In summary, background...

Velocity (cmis) and salinity (psu]
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nature

www.nature.com/nature

Vol 450 | Issue no. 7171 | 6 December 2007

Patching together a world view

Data sets encapsulating the behaviour of the Earth system are one of the greatest technological
achievements of our age — and one of the most deserving of future investment.

Now or never
Monitoring the Earth system requires great expertise, not just to

Responding

build the instruments but to use them properly and interpret their Sc i ence... an d

output. Many scientists are, however, far from enthused by projects
that do not involve the forming and testing of hypotheses. At worst,
monitoring is traduced as stamp collecting and looked down on as
drudgery.

Such attitudes must not be allowed to prevail. Testing hypotheses
about how the world works requires not just information on the cur-
rent state of the three-dimensional globe, but on its progress through
the fourth dimension of time. Data on the colour of the seas that are
not gathered today can never be gathered in the future — gapsleftin
the record cannot be filled (see page 782). And continuous data sets
are going to be vital to the validation of the ever more informative
models of the Earth system that we need.

This is why operational systems for data collection in which scien-
tists play key roles are so important. Only they can give us multiscale
and multifactor ways of seeing the world that are up to the challenges
of the twenty-first century. When the expenditure needed to maintain
these data flows conflicts with the funds needed to support fresh sci-
entific research, researchers must acknowledge that there is a strong
case for preferring continuous, operational monitoring. An accurate
and reliable record of what is going on can trump any particular
strategy for trying to understand it.

There is only one Earth, with only one history, and we get only one
chance to record it. Ideas not followed through can be taken up again
later. A record not made is gone for good. Long zooms in and out of
our ever more detailed images of Earth will delight and inform us for
years to come. But no digital trickery can replace the steady, fateful
pan from past to future. ]

761

Project based
— 3 years -
Can be done!!

But is
inneficient

N eXt Ste phe — aIOCean Policy.

work for prioritizing future investments in
ocean infrastructure. It recommends that
development, maintenance, or replace-
ment of ocean research infrastructure
assets be prioritized in terms of societal
benefit, with particular consideration
given to addressing important science
questions; affordability, efficiency, and
longevity; and the ability to contribute

to other missions or applications. These
criteria are the foundation for prioritiz-
ing ocean research infrastructure invest-
ments by estimating the economic costs
and benefits of each potential infrastruc-
ture investment and funding those invest-
ments that collectively produce the largest

v
SOCIB

Society issues

NEWS

Eos, Vol. 92, No. 25, 21 June 2011

Determining Critical Infrastructure
for Ocean Research and Societal Needs in 2030

PAGES 210-211

The United States has jurisdiction over
3.4 million square miles of ocean—an
expanse greater than the land area of all
50 states combined. This vast marine area
offers researchers opportunities to investi-
gate the ocean’s role in an integrated Earth
system but also presents challenges to soci-
ety, including damaging tsunamis and hur-
ricanes, industrial accidents, and outbreaks
of waterborne diseases. The 2010 Gulf of
Mexico Deepwater Horizon oil spill and 2011
Japanese earthquake and tsunami are vivid
reminders that a broad range of infrastruc-
ture is needed to advance scientists’ still
incomplete understanding of the ocean.

The National Research Council’s (NRC)
Ocean Studies Board was asked by the
National Science and Technology Coun-
cil’'s Subcommittee on Ocean Science and
Technology, comprising 25 U.S. government
agencies, to examine infrastructure needs
for ocean research in the year 2030. This
request reflects concern, among a myriad
of marine issues, over the present state of
aging and obsolete infrastructure, insuf-
ficient capacity, growing technological
gaps, and declining national leadership in
marine technological development; these
issues were brought to the nation’s atten-
tion in 2004 by the U.S. Commission on

so provided a frame-

increasing fundamental scientific under-
standing (10 questions). Many of the ques-
tions in the report (e.g., sea level rise, sus-
tainable fisheries, the global water cycle)
reflect challenging, multidisciplinary science
issues that are clearly relevant today and
are likely to take decades of effort to solve.
As such, U.S. ocean research will require a
growing suite of ocean infrastructure for a
range of activities, such as high-quality, sus-
tained time series observations or autono-
mous monitoring at a broad range of spatial
and temporal scales. Consequently, a coor-
dinated national plan for making future stra-
tegic investments becomes an imperative
for addressing societal needs. Such a plan
should be based on known priorities and be
reviewed every 5-10 years to optimize the
federal investment, the report states.

The committee examined the past
20 years of technological advances and
ocean infrastructure investments (such
as the rise in the use of self-propelled,
uncrewed, underwater autonomous vehi-
cles), assessed infrastructure that would
be required to address future ocean
research questions, and characterized
ocean infrastructure trends for 2030. One
conclusion was that ships will continue
to be essential, especially because they
provide a platform for enabling other
infrastructure, such as autonomous and
remotely operated vehicles; samplers and

increasing fundamental scientific under-
standing (10 questions). Many of the ques-
tions in the report (e.g., sea level rise, sus-
tainable fisheries, the global water cycle)
reflect challenging, multidisciplinary science
issues that are clearly relevant today and
are likely to take decades of effort to solve.
As such, U.S. ocean research will require a
growing suite of ocean infrastructure for a
range of activities, such as high-quality, sus-
tained time series observations or autono-
mous monitoring at a broad range of spatial
and temporal scales. Consequently, a coor-
dinated national plan for making future stra-
tegic investments becomes an imperative

—DEBORAH GLICKSON, Ocean Studies Board,
National Research Council,Washington,D. C.;
E-mail: dglickson@nas.edu; ERIC BARRON, Florida
State University, Tallahassee; and RANA FINE, Rosen-

expected net benefit over time. While this '@ F'$S stiel School of Marine and Atmospheric Science,

University of Miami, Miami, Fla.



OUTLINE

1. IMEDEA - TMOOS: SCIENCE FOR OPERATIONAL
OCEANOGRAPHY

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

B 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
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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)

Joaquin Tintoré and the SOCIB team

SOCIB and IMEDEA (UIB-CSIC)
http://www.socib.eu
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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).

Salinity
8 30 Sep - 10 Oct

s gt AX
o= S ke S s

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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Why SOCIB, why Ocean Observatories, and why
now?

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

assimilation, ... D

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

Balearic Islands

SOCIB

Coastal Observing

and Forecasting /’“\. csiCc

System s oot
in

Ocean Opservatories,




What is SOCIB?
1

SOCIB is a Coastal Observing and Forecasting System, a multi-platform
distributed and integrated Scientific and Technological Facility (a

facility of facilities...)

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

B 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.
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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 seasonal/inter-annual and
decadal variability)
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SOCIB scales and monitoring tools

1km  10km 100km 1000km
l I [

Molecular

Processe .
Gliders

Movement

by Individual . ’
_'o Time

series
HF radar

1 month -
Spatial
survey

1 year
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SOCIB Structure

Board of Trustees

Scientific Advisory
Commitee Executive Commission

Director

Access Commitee Vice Director

SOS Division ETD Division SIAS Division Office of the
Director

Observing Facilities Facility Support = Sustainability Science |Budget & Planning

and Technoligy & ICOM Research
Modelling and Development
Forecasting Facility Tools for Science [Focused Research

New Technology based ICOM Programme
Data Center Facility Pilot Programme

RDT Relations

Engineering Pool

Services
Management & Finance
Computing & IT
Outreach, Education, Training & Mobility

" Govern iﬁ-‘» some  wemme
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Systems Operations and Support Division

.
1. Observational Facilities (major elements)

. New Coastal Research Vessel (25 m LOA —1.200 km coastllne mthe 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 ”
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 gatearicisiands
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SOCIB: the view....

Balearic Islands
Coastal Observing
and Forecasting
System

Un nou sistema

internacional d ‘observacio

i prediccio costaner a les llles Balears
Cap a un desenvolupament sostenible

del litoral fonamentat en el coneixement
cientific i els darrers avengos tecnoldgics
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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: MODELLING
- Glider Facility (7 Slocum + 2 iRobot gliders) - Numerical Forecasting Facility sProven capability
- Satellite remote sensing products DATA CENTER

- ARGO profiles and Surface drifters Facility (pilot)
- Coastal Buoys real time Facility (pilot)
- Nearshore beach monitoring Facility (pilot)

- Data Center ePilot projects

eNon sustained

Bluefin Tuna
APPLICATIONS AND STRATEGIC ISSUES SOCIETY DIVISION target

- ICZM and Science based sustainable coastal and ocean management project

ENGINEERING AND TECHNOLOGY DEVELOPMENT DIVISION Parc Bit - office —
- New technologies August 2009

SERVICES

- Management and Finances
- Computing and IT’s

- Outreach and Education

IMPLEMENTATION PLAN; approved July
2010

SOCIB

Balea slands

Coastal Observing

and Forecasting ' cslc

System e
_— O e
Intituto editerténeo
de Estudios Avanzados
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Glider Facility Activities

GPS + IRIDIUM

. gasd
h‘ e 'A
missions

Balearic Islands

Coastal Observing »‘
and Forecasting CSlC

SOCI
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Modelling Facility: Science
.

DAY =1

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
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Data Center process Menser ey

m)/0can

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:

Platform management and communication
Quality Control assurance

Metadata Aggregation and Standardization
Data Archive

Data Search and Discovery

Data Policy and distribution

Data Viewing

NouyhkWwhH=

NEPTUNE 4o 0

Canada
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Data Centre. Technologies

The main technologies used are: OPeNDAP / THREDDS server hosting CF-compliant NetCDF; the open-source RAMADDA
as a content management system and collaboration services for Earth Science data. Those technologies permit the
distribution, cataloging and discovery over the oceanographic data.

1. Multi Platform Management

Alredyavailable:glidersdrifters,moorings,ad
cp, beach monitoring cameras, ... Real time
monitoring and wide descriptions of data sets
(standardscomphant).

4. Catalog

Dus Racoadary - Oraep
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THREDDS to organize data and Metadata to

2. Data Archive

'
'
'
e !
(5] - a
3] i &
; ~ O > '
o i
- ;
)
-
: «s )
s 8 S ».-m-u.l
s
EVC Celera u.
35 3 b 4 v

Informatic infraestructure: to securely archive data
and metadata and retrieve them on demand

5. Discovery

e e e S —————————ii.
RAMADDA to search for and find data sets of

3. Distribution
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OPeNDAP, WCS, WMS, HTTP, FTP. ... to
access the data in an interoperable manner
from client applications.

6.Analisis and Visualization

IDV, own Web Aplications, GODIVA, LAS,...

automatic harvesting. interest for human interaction. capability to provide an integrated viewing
service.
SOCIB Balearic Islands

Coastal Observing
and Forecasting
System
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SOCIB Summary

Consortium: a new way to fund
marine research infrastructures,
along lines of international initiatives
such as OO, 100S, IMOS, etc.

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.

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

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

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.

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

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.

Director: Joaquin Tintore, 12/2008
(Agreement CSIC-SOCIB)

Still many unknowns, but we are
working on them....
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OUTLINE

1. IMEDEA - TMOOS: SCIENCE FOR OPERATIONAL
OCEANOGRAPHY

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

B 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
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THANK YOU VERY MUCH!

All the IMEDEA and SOCIB team...
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