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IMEDEA: The Mediterranean Institute for Advanced Studies

(MEDEA-
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General context and objectives

General context

= The preservation of marine and coastal ecosystems constitutes an
outstanding problem to the sustainable development of coastal areas
specially where the coastal environment covers an important part of their
surface and its exploitation is the main economic resource.

= Global change is a further threat that marine, coastal and insular
environments have to face.

= Damages generated by these threats are, among others, habitat loss for
indigenous species, beach erosion and water pollution.

General objectives

= To promote scientific excellence: to strengthen and consolidate the existing
framework of research, which is based on two major axes (Oceanography
and Coastal Zone) and five major research lines.

= To promote connection with society: to demonstrate to policy makers and
the broader society the benefits of adopting a wise, scientifically-based
management of the environment, and foster the creation of an active
platform for its development and update.

-
UlE
- e Mt [ Ldak bl



IMEDEA: The Mediterranean Institute for Advanced Studies

Mission

= To generate the scientific basis to better understand and ﬁredict the
responses of marine, coastal and insular systems to anthropogenic
pressures and the associated global change in order to improve the
existing capacity for managing them in a sustainable, effective and
adaptive manner.

= This will be achieved through interdisciplinary and proactive research
addressing the multiple-scale interactions between the target
environments.

Vision
= To become a reference center to the scientific community and
environmental managers.

= To identify and elucidate the causes, mechanisms and impacts of
anthropogenic and Global Change threats to marine, coastal and
insular environments.

= To formulate proactive, integrated and adaptive knowledge in support
of the prevention and mitigation of these impacts.
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Research activities at IMEDEA

Two axis

The research activity is focused around two complementary axis:

= Global Change, including the role played by the oceans and the effects on
the coastal zone

= Interdisciplinary and Integrated research in the Coastal Zone

Five research lines

= Biodiversity, Population Ecology and Marine Ecosystem Functioning
= Functioning of the Ocean System
= QOperational Oceanography

= Coastal Zone Variability, including sustainability Science, Integrated
Coastal Zone Management, Innovation and Tourism

= Ecology and Evolution in Insular Environments
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Strategic objectives of IMEDEA in relation to

soclety

One of the key objectives is to guarantee transfer of
knowledge and technology to society.

We work to find synergies among
researchers and coastal zone decision-
makers in the Balearic Islands.

We work to create working groups among
researchers and coastal zone decision-

makers, using the most recent knowledge
available.

We establish common objectives that
address complex problems, like
environmental quality in the coastal zone,
and generate specific recommendations
for improvement.

150 persons, 40 permanent
researchers

100 ongoing research projects
120 peer reviewed papers/year

7 million Euros annual budget (40%
obtained competitive basis)
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Physical Oceanography and Coastal Nearshore Dynamics at IMEDEA
Major research axis, 2006-2009

1. Towards Operational Oceanography: science based
Coastal Ocean Operational Oceanography

Research lines
Operational Systems being implemented at IMEDEA
The future

2. Science based quantitative sustainable Integrated Coastal
Zone Management / Sustainability science

3. Marine Technologies, development new coastal
Instrumentation
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1.

Physical Oceanography and Coastal Nearshore Dynamics at IMEDEA
Major research axis, 2006-2009

Towards Operational Oceanography: science based Coastal Ocean Operational
Oceanography

Research lines

Circulation and dynamics. Scale interactions: basin, sub-basin and local scales

- Basin scale circulation and climatic effects
- Sub-basin scale, mesoescale effects and interactions, shelf/slope exchanges
- Local scale, interactions and residence time

Coastal zone variability and beach morphodynamics

- Beach erosion and sediment transport
- Beach safety: longshore currents and rip currents

Physical-biological interactions at sub-basin and local scale

- Ecosystem variability as response to physical variability, scenarios

New tools for non linear systems forecasting: evolutionary computation
Darwin Genetic algorithm (reg) : applications to ocean currents forecasting, wave heights, precipitation, etc

Operational Systems being implemented at IMEDEA

Prediction of currents in the Balearic Sea for risk assessment and environmental
management

Prediction of rip currents in beaches, optimization lifeguards response (pilot study at Cala
Millor — Mallorca Island)

Beach monitoring remote sensing system

Long waves and seiches in harbors forecasting system (forced by atmospheric pressure
pulses)

Coastal area characterization and GIS management based system for decision support



Physical Oceanography and Coastal Nearshore Dynamics at IMEDEA
Major research axis, 2006-2009

Science based Sustainable Integrated Coastal Zone
Management

Scientific achievements, science based management and
Sustainability principles

New Observational networks, GIS tools and modeling predictive
capabilities

Innovation in services in the coastal zone, environmental
Innovation and sustainable tourism

Marine Technologies development, new coastal
Instrumentation at IMEDEA

Development of autonomous ocean sampling platforms: Rov’s,
AUV’s, gliders, buoys

Integration of sensors and platforms for automatic sampling the
coastal zone



PHYSICAL OCEANOGRAPHY AT IMEDEA: STAFF PROJECTS, PAPERS,

Permanent Research staff

CSIC:

Prof. Joaquin Tintoré
Dr. Alberto Alvarez
Dr. Alejandro Orfila
UIB:

Dr. Damia Gomis

Post docs

Dra. Ananda Pascual

Dr. Simon Ruiz

Dr. Gustavo Zarruck

Dr. Jordi Solé

Dr. Sr. Pau Balaguer
Dra. Amy Diedrich

Dra. Maria de Mar Flexas
Dr. Biel Jorda

Ph. D. students
Amaya Alvarez
Tomeu Cafielles
Bartolomé Garau
Enrique Vidal

Alvaro Galan

October 2007

Permanent Technical staff

CSIC:
Sr. Guillermo Vizoso
Sr. Benjamin Casas

Technical staff under contracts
Sr. Miquel Martinez-Ledesma

Sr. Daniel Roig

Carlos Castilla

Pep Homar

Saul Pitarch

Projects: ongoing research projects funded by EU
(MERSEA, SESAME, ECOOP), National Plan
Research (COOL), Regional Balearic Gov (UGIZC),
MMA (Cabrera), etc.

Papers: more than 100 peer reviewed
publications. Around 15 papers/year in SCI
journals.



OUTLINE

1. IMEDEA (CSIC-UIB)
2. Physical Oceanography and Coastal Dynamics

4. Pilot Observing and Forecasting System - towards
Science based Operational Oceanography

5. THE FUTURE:

= Some ideas for a Balearic Islands “Coastal”
Observing and Forecasting System

= The international context and sustainability
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Towards Operational Oceanography at IMEDEA

1. IMEDEA modeling capabilities at different scales
2. IMEDEA observational capabilities at different scales

= basin scale

= sub-basin scale
= |ocal scale

= beach scale



Towards Operational Oceanography at IMEDEA

Scientific examples (observations and modelling) from basin
to beach scale or... what is it that we have done and published?

Next, we present some specific examples of recent scientific results obtained at different scales:

Basin scale (1025 km), since 1995 (*): /large scale circulation, role of bottom
topography, specific features, transport in detailed sections

Sub-Basin regional scale (5>1 km), since 1992: mesoscale/mean flow interactions,
~b%/ock/ng basin scale circulation in specific sub-basins, circulation Alboran and Balearic
eas, elc.

Local (1 km=->500m), since 1993: sub-basin-local interaction through canyons,
shelf/slope exchanges, circulation in bays, residence times and water quality, etc.

Towards... beach (500>10m), since 2004: fine sediment resuspension by waves and
recirculation and sediment transport by wind induced coastal currents in bays and
beadch/e)s, (only still with PE non hydrostatic models and towards integration with wave
models).

(*) indicates year of the first paper published in
E the subject in peer reviewed journals



Process studies at IMEDEA — topics and scientific
contributions

PROCESSES AND TOPICS OF GENERAL SCIENTIFIC INTEREST
AND OF PARTICULAR RELEVANCE IN THE BALEARIC ISLANDS

Mesoscale eddies, filaments, energy exchanges, eddy-mean flow interactions
Mesoscale eddies, blocking effects, inter-annual variability mean flow
Mesoscale eddies, vertical motions computation from observations, models
Vertical motions and relation to phytoplancton size structure

Sub-basin scale dynamics and effects on large, basin scale circulation,
feedback (Alboran, Balearic)

Inter-annual variability and ecosystem response, feedback

HABS, residence time, terrestrial and open ocean inputs and exchanges in the
coastal area

Near inertial motions, shelf and slope, interactions with fronts
Shelf/slope exchanges, canyons, nhumerical and field studies
Long waves propagation and harbors resonance

Near-shore studies, wave current interactions, sediment transport (fine
sediments in low tidal environments), beach erosion

Technology development
= [CZM - towards quantitative sustainability science/population dynamics
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Mediterranean inter-annual variability: sub-basin
basin scale interactions

Available online at www.sciencedirect.com
thENGE@BIHEcTE PI"OgI"ESS in
Oceanography

ELSEVIER Prog in Oceanography 66

Mesoscale, seasonal and interannual variability in
the Mediterranean Sea using a numerical ocean model

4 A% + . L d . b Y . L
Vicente Fernandez ™*, David E. Dietrich *, Robert L. Haney °, Joaquin Tintoré *

Abstract
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Mediterranean sea; Ocean modelling: Interannual variability
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Mediterranean inter-annual variability: sub-basin
basin scale interactions

Model Topography

DIECAST 3d PE OCEAN MODEL

= Objective: study the existence of an internal variability in the
Mediterranean, not linked to external forcing, that could be traced in
observations.

» Metodology: “Diecast Ocean Model”, model that simulates the circulation
and dynamics in slope areas implemented at IMEDEA.

Fernandez, D. E. Dietrich, R. L. Haney, J. Tintoré. Progress in
Oceanography. 2005
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Mediterranean variability: basin scale

DIECAST 3d PE OCEAN MODEL

= 3d Primitive Equation, z level vertical coordinate
= Hydrostatic and rigid lid approximation

= Surface pressure treatment (elliptic equation for the surface pressure
having zero divergence for the barotropic mode)

= Control volume based, with a blend of Arakawa ﬁrids “A” (control
volume quantities) and "C” (fluxes across the cell faces).

= 4th order accurate numerical approximations for the advection and
pressure gradients terms and for the interpolations between "A” and
grid locations.

= Reduced dispersion advection scheme

Low numerical dispersion and stable with low physical
dissipation

Fernandez, V., D. E. Dietrich, R. L. Haney, J. Tintoré. Progress in Oceanography. 2005
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North-south transport
exchange variability
(seasonal and interannual)
through the Balearic
channels.

Due to atmospheric forcing
variability...and to
Internal eddy driven
variability.
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MAIN OBJECT

hvli! —ll—
S GGEterminE silthere s minterall variability, of. the

VERILEianEant system, not depending oni external’ forcing, that
celf) ge reJew t to understand the observed interannual variability in
SOIIIES(IY ru sof the Mediterranean Sea.

___

e [sing a numerical model of the Mediterranean Sea forced with a
- yearly repeating climatological atmospheric forcing (NO externally
forced interannual variability) in such a way that the possible
interannual variability in the model is due to internal dynamics
mechanisms.
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We get correct annual average surface circulation with:

- coastal currents
- basin-scale gyres
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DieCAST model. one year simulation, salinity and velocity fields
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il Daily values (1Sv=10 6 m3/s)
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Longitude

Differences:
e Differences in the strenght of the currents
e The Algerian current

e L ow salinity waters vary their possition
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" Mean: 0.7 Sv.
Crossing the strait
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Northward transport
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Nortward intrusion of .2 to .7 Sv
in the summer

depth (m)
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Northward summer
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Interannual variability in transports
+ —— > Eddy driven internal variability
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present numerous small scale features distributed all over

is is shown in the rms variability of the sea surface pressure.

rms variability
larger than 4 cm
e e e ] is some places
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iereedNnter-annual variability, the horizental distribution of sea
ole ear to year.
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CONCLUSIONS =
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' Ve have found a signal of interannual
- variability in some subbasins (e.g. the
Balearic Sea), using DieCAST ocean model
forced with a repeating annual cycle
of wind, heat flux and freshwater
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Towards Operational Oceanography at IMEDEA

Scientific examples (observations and modelling) from basin
to beach scale or... what is it that we have done and published?

Next, we present some specific examples of recent scientific results obtained at different scales:

Basin scale (1025 km), since 1995 (*): /large scale circulation, role of bottom
topography, specific features, transport in detailed sections

Local (1 km->500m), since 1993: sub-basin-local interaction through canyons,
shelf/slope exchanges, circulation in bays, residence times and water quality, etc.

Towards... beach (500>10m), since 2004: fine sediment resuspension by waves and
recirculation and sediment transport by wind induced coastal currents in bays and
bea;h/ej, (only still with PE non hydrostatic models and towards integration with wave
models).
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the subject in peer reviewed journals




Eastern Alboran Sea dynamics and basin scale
Interactions

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 100, NO. C5, PAGES 85718586, MAY 15, 1905

Time and space variability in the eastern Alboran Sea
from March to May 1990

Alvaro Viidez! and Joaquin Tintoré
Departament de Fisica, Universitat de les Illes Balears, Palma de Mallorca, Spain

Abstract. An intensive field experiment was carried out from March 6 to April 30,
1990, in the eastern Alboran Sea to understand the relationship between the
large-scale circulation and the location of the transition zone between new and
longer-resident Modified Atlantic Water (MAW). The detection of a strong jet
(80 cm 5~') of new MAW with anticyclonic curvature near the Morocco coast
suggests that the Eastern Alboran Gyre (EAG) was not fully developed. A
new state of the circulation in the eastern Alboran basin, intermediate between
the BAG (Viddez et al., 1995) and the Lanoix (1974) state, is presented. Also
important is that the Almeria-Oran Front was not present in the upper layer, that
small-scale instabilities were detected in the northern region, and that significant
nongeostrophic flows were observed. All these features arc clearly indicative of the
high spatial and temporal variability of a region where complex adjustments among
density, velocity, and topography occur.
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Eastern Alboran Sea dynamics and basin scale
Interactions

OCTOBER 1988 J. TINTORE, P. E. LA VIOLETTE, I. BLADE AND A. CRUZADO

30° e .
N AUGUST 19, 1986 ~ |
~ A = s | |"\
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FIG. 1. (Top) A satellite thermal image of the Alboran Sea, showing the continuity of the
regional circulation. As with the other satellite imagery in this paper, this NOAA AVHRR-IR
image was registered to a Mercator projection and enhanced to show the ocean features. ( Bottom)
A schematic drawing of the circulation identifying the features displayed in the satellite thermal
image (after Arnone et al. 1988).
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Eastern Alboran Sea dynamics and basin scale
Interactions

VIUDEZ AND TINTORE: TIME AND SPACE VARIABILITY IN EASTERN ALBORAN SEA

I. ALBORAN

COLDER
WATER

e CTD STATIONS «fll OCEMNSITY GRADIENTS

B AKBT " AVHRR PATTERNS
{3 CURRENT METERS
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Figure 11. Upper layer circulation pattern.
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Vertical motions and size structure of
phytoplankton — changes in populations ?

letters to nature
|

floras, angiosperms typically constitute only a very small percentage 2% Brenner G ). & Bickoff LS. Paly e age of e nl Bk ety
of the total diversity pethaps reflecting low pollen produc from the ceastal plsin o 4 " XLy
tion and poor dispersal abilities associated with insect pollination,
imilarly, with one strongly disputed exception angiosperm wood
has nn[l ed fro ptian or older rocks, and angiosperm
. How
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IMEDEA recent examples of Mediterranean variability
at sub-basin scale (1)

Mesoscale variability

eEvidences of variability at
different scales, Ri: 12 km

eCoupling between sub-basin and
basin scale circulation through
mesoscale interactions.

eCoupling between mesoscale,
sub-basin and basin scale
circulation. Nonlinear effects and
inter annual variability.

eSpecific result: Ibiza Channel
fluxes variability generated by
21 internal variability
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IMEDEA recent examples of Mediterranean variability
at sub-basin scale (1)
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More than 20 papers in peer reviewd journal since 1988,
mostly in Balearic and Alboran sub-basins



Introduction: Geographical area

Model domain includes
shelf of northeastern edge
of the NW Mediterranean.

Bottom topography is
complex, the slope is
indented by a series of
submarine canyons.

Regional oceanography is
dominated by a shelf-slope
density front.
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Shelf/slope exchanges — canyons interactions —
mean flow/frontal instabilities

Available online at w ciencedirect.com
thEﬂcE@DIHEcTG PrOgreSS in
Oceanography

) 120-141

Shelf-slope exchanges by frontal variability in a
steep submarine canyon

A. Jordi *, A. Orfila, G. Basterretxea, J. Tir

Abstract

f this interac
A mes al

ons and Catalan sea i
of all the shelf

Numerical
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Introduction: Motivation

20

The complex topography and the strong
dynamical processes that characterize the
NW Mediterranean provide a good
opportunity to analyze the effect of
physical transport processes on the shelf-
slope exchanges.

Figure: Vertical velocities (m/day) induced
by the interaction of the Northern Current
and the Palamds Canyon.

-1

Previous observational and numerical studies at IMEDEA in the area:

Alvarez, A., Tintoré, J. & Sabatés A. (1996). Flow modification of shelf-slope exchange induced by a submarine canyon off the northeast Spanish coast. J.
Geophys. Res., 101, 12043-12055.

Ardhuin, F., Pinot, J. M. & Tintoré, J. (1999). Numerical study of the circulation in a steep canyon off the Catalan coast. J. Geophys. Res., 104, 11115-11135.
Jordi, A., Basterretxea, G., Orfila, A. & Tintoré, J. (2005). Shelf-slope exchanges by frontal variability in a steep submarine canyon. Prog. In Oceanogr., 66, 120-
141.

Jordi, A., et al. (2006). Scientific management of Mediterranean coastal zone: A hybrid ocean forecasting system for oil spill and search and rescue operations.
Marine Pollution Bulletin

-

UIB

Froe Institut Mediterrani d'Estudis Avangats




Numerical model: Setup

Numerical domain:
Horizontal resolution:

Vertical resolution:

Topography:

Integration time:
Time step:

Atmospheric forcing

UIB
A

Institut Mediterrani d'Estudis Avangats

NW Mediterranean
1/80° (~ 1.2 km)
332 x 262 grid points

Variable (Z-coordinate)

30 layers

Derived from the bathymetric chart of
the NW Mediterranean
(www.icm.csic.es/geo/gma/MCB).
Without filtering or smoothing.
30 days

1st — 31t December 2005

30 seconds

2880 time steps per day

HIRLAM (0.169°) from INM

up d at 3 hours intervals




Numerical model: Initialization and boundaries

= [nitialization: interpolated fields (u, v, T and S) using
optimum interpolation from the global Mediterranean
Sea model (MFS, INGV).

= Boundary conditions: one way nesting from the global
Mediterranean Sea model (MFS, INGV). T, S, u and v are
interpolated from daily MFS outputs and are used to
force the two lateral open boundaries (south and east).

= The open boundaries allow perturbations generated
inside the computational domain to leave it without
deterioration of the inner model solution and allows
physically important external information to advect
inward using.a pure upwinEdvective scheme.
UlB
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Results: General circulation

The temporal average of surface circulation during December 2005
reproduces the characteristic features of the circulation in NW Med.

Presence of the Northern
Current signature following 40 om/s
the topography.

EEMNE 08 1 2855 29

Presence of an eddy to the
south of the model domain. e |
Similar structures described Y
by Pascual et al. (2002) and 4,0y i
Onken et al. (2005). ' e T

Strong NE winds blow o 444 0 f';::.; _- ::: __
during a significant part of RS WBher’s /4 #r e d/ i)
December 2005
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Results: Impact of canyons

The temporal average of vertical velocity at 95 m depth
during December 2005 reveals the role of canyons
modifying the spatial pattern

Antisymmetrical
structure of vertical N E
motions with
downwelling on the
upstream walls of the
canyons and upward
motions on the
downstream edges.

42°N

ad = 3°E 4°E 5°E
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Results: Comparison with satellite data

Comparison between monthly averaged SST for December
predicted by the model (a) and observed by satellite (b).

42°N 42°N

2°E 3°E 4°E 9°E 2°E A= 4°E o°E

With some exceptions the large-scale pattern matches well with
observations. Satellite temperature displays small-scale variability. The
location of the anticyclonic eddy in the model (C1) is displaced to the
northeast and presents a slightly colder core than satellite values (C2).
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Results: Comparison with
Argo floats

n - S - —
r—/l
200 i |

400

Comparison between predicted
temperature and salinity profiles (red
lines) with those measured by Argo
floats (yellow lines)
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Models comparison: DieCAST & HOPS

HOPS was also o }r ‘

implemented in the s %

Catalan Shelf sea. iy H v |
i B':'E\ 16°E z4"E az"E

= [ntegration time: from
2" to 30t January 2003.

45 -

= [nitialization and
boundaries: interpolated
fields from the NW
Mediterranean regional
model (CNRS-POCT).
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Models comparison: DieCAST & HOPS
Surface salinity during SVP (January 2003) for both models
in the Catalan Sea shelf.

DieCAST HOPS






IMEDEA recent example of Mediterranean variability
at local scale (2)

Main result: characteristic time scale for shelf-slope exchange 2 months

= Interaction of front meanders with Palamos
canyon produce a transport of sufficient
volume to exchange waters of the shelf of
the Gulf of Lions and Catalan Sea in 2.5
years.

= Considering the whole global area (15
canyons), the replacement of shelf waters
takes place in a few months (2-3).

(Jordi et al, Prog. In Oceanog., 2005)

Eddies are formed in the canyon area as a result of
topographic adjustment.
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IMEDEA recent examples of Mediterranean variability
at sub-basin scale (1)

AEEEEEEEE
15 17

. ﬂ

Mesoscale variability

EEEEEEE

eEvidences of variability at
different scales, Ri: 12 km

eCoupling between sub-basin and
basin scale circulation through
mesoscale interactions.

eCoupling between mesoscale,
sub-basin and basin scale
circulation. Nonlinear effects and
inter annual variability.

eSpecific result: Ibiza Channel
fluxes variability generated by
internal variability



IMEDEA recent examples of Mediterranean variability
at sub-basin scale (1)
Mesoscale variability
| EEmes B
o

cZcs
™

JUNE 4.1986
- P

- i - '
42 N 4 =0
; . e tr
e ¥

> “t_ I,
SPAIN -
' ™ :
BN
gl
P
o
- "j..l
IO o s i
t‘::‘._ , _—'" ALGERIA M Fenote
gr’“cwugs""‘"! =~ ‘JRD \
1 s SENSINGH

2 W 0.0 2 E 4E 6E

1E 2E
u,.
(Y i - .,
P | 10 HAY 86 u,..
‘ﬁa | NOAA-B CH.4 ..
= 4 ‘ 02552 x ...
u,
'

MALLORCA
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IMEDEA recent example of Mediterranean coastal variability

OUODDY (Lynch, Werner)

FE in the form of the wave eq. (Similar at
Arakawa C)

Sigma coordinate in the vert,
FSBC->Tides, wind, fluxes at the surface
Mellor-Yamada 2.5




IMEDEA recent example of Mediterranean coastal variability

Alcudia Bay, Malllorca

Wind induced coastal currents and
sediment resuspension

*Velocity fields for storm conditions indicate
close-to-shore intensification of the flow
both sides of the bay.

In the middle of the bay, surface flow is
shoreward with seaward bottom
recirculation.

.The model emphasizes the importance of
bottom recirculation in the suspended
sediment transport.



Mediterranean variability at beach scale

Effects of severe weather over beaches

Highly nonlinear and weakly dispersive equations are solved using a high-order

Finite Difference squeme.
Alcudia Bay : mesh 900x612 grid points

Magalluf: mesh 630x590 grid points

Linearized 3D shallow water equations with conventional hydrostatic and
Boussinesq approximations and eddy vistosity closure in the vertical over a finite

element mesh

AN

Y
St
Ca’n Picafort-Muro: Magalluf. ‘&
675 nodes in x-y 959 nodes in x-y
and 1218 elements and 1756 elements

11 vertical levels 11 vertical levels




Mediterranean variability at beach scale

*\Wave propagation in Alcudia Bay

*\Wave energy is dissipated across
the bay inducing significant sediment

LN resuspension.

o

. *\Waves of Hs1.5 reach the beach

*\Wave height intensification, caused

by refractive processes, close to Can

Picafort.

DL

Alcudia_temporales_now_2001




Mediterranean variability at beach scale

*Wind currents in Alcudia Bay (NE)

_ A | *VVelocity fields for storm conditions indicate close-
R / ; - to-shore intensification of the flow both sides of
5"—;.{{,_{222_;4.‘4) = .:",_'-_?;fj":—-_',: Vﬁ o L | the bay
! In the middle of the bay, surface flow is

shoreward with seaward bottom recirculation.

Bottom currents

eThe model emphasizes the importance of
bottom recirculation in the suspended sediment
transport.




Residence time — coastal — open ocean exchanges

Available online at www.sciencedirect.com

"“""c'@“""‘"' CONTINENTAL SHELF
RESEARCH

Continental Shell’ Research 2 5) 13391352

Residence time and Posidonia oceanica in Cab
National Park, Spain

A. Orfila™*, A. Jordi®, G. Basterretxea”, G. Vizoso"
1. Duarte®, F.E. Werner®, J. Tintoré®

Available online 19 March

Abstract

Flushi m,=_r time and residence time are studied in a small inlet in C dhr‘ ra MNational Park, Western Mediterranean Sea

y ere release
Re \ult\ obtained

-uniform dL.‘.Lrth'I.LLI..rﬂ of the areas l' accumulation
0 » correct approach when studyving the 1my




OUTLINE

1. IMEDEA (CSIC-UIB)
2. Physical Oceanography and Coastal Dynamics
3. Some examples of contributions to process studies

5. THE FUTURE:
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REA: ongoing observational experiment (Jul-Dec 07)
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OBJECTIVES

Glider mission along Envisat
track 773 every 35 days

1st sampling: 6-13 July 2007
2nd sampling: 14-17 September 2007
ﬁ., rﬁ . 3" sampling: 22-25 October 2007

B To characterize the Balearic front with new technologies

B To explore the use and limitations of altimetry data in the

coastal area



Balearic front

In Situ Salinity Salinity (psu)
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REA programme: glider data (1st sampling)

ECOOP-PNC cruise July 2007 - Glider data
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REA programme : CTD data (ast sampling)

Simultaneous measurements with R/V Garcia del Cid

(conventional cruise): 9 — 12 July 2007
Following the 773 Envisat track
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REA programme : altimetry data (1st sampling)
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The IMEDEA Operational Forecasting system

IMEDEA is developing an operational circulation system in
the Balearic Islands. The system is based upon three
nested domains; real-time measurements are also taken
into account via data assimilation.

i : Dat 1. Operational
The system is a tool to forecast Atmospheric Coueaczon drellaton
oil spill trajectories, drifting forcing Model System

objects, etc.

2. Lagrangian

drifter module

Risk 3. Management
Assesment sub-system
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It is applied using a
management subsystem based
on GIS technology which aids
for decision support to provide
response to SAR operations or
oll spill accidents.




The IMEDEA Operational Forecasting currents
system

Available online at www.scie irect.com
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Scientific management of Mediterranean coastal zone:

A hybrid ocean forecasting system for oil spill
and search and rescue operations
Vizoso *, A. Orfila °, G. Basterretxea , B
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The System

The system is applied to the Mediterranean Sea where the
circulation is strongly affected by frontal dynamics through
mesoscale features that can give rise to a wide range of
ocean variability.

The system adequately addresses the different physical
processes affecting the drift of spill and more generally
drifting objects, which opens the possibility of supporting a
wide range of scientific and operational services and
applications. e




The oil spill from Prestige tanker showed the importance of
scientifically based protocols to minimize the impacts on the
environment.

IMEDEA is developing an oceanographic system to predict oil spill
trajectories and their potential impacts on the coastal zone.

The system is based upon three main components: an operational
circulation sub-system, an oil spill coastal sub-system, and a
management sub-system.

Each sub-system is composed by one or more modules that interact
between them.

The system is applied to the Mediterranean Sea where the circulation is strongly
affected by frontal dynamics through mesoscale features that can give rise to a wide
range of ocean variability.

The system adequately addresses the different physical processes affecting the drift of
spills and more generally drifting objects, which opens the possibilityf supporting a
wide range of scientific and operational services and applications (oﬂ}&)nl manitoring,

TAvangals 2
marine safety, search and rescue operations, etc).




Observaciones
y datos

Prediccion
oceanica-costera

Forzamiento
atmosférico

Sensibilidad

Trayectorias ambiental

Apoyo a la
decision

Subsistema
Circulacion
operacional

Subsistema
evolucion
del vertido
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Operational circulation sub-system
Coastal Ocean forecast

The goal of the operational sub-system is to provide, in near-real time, reliable
information and forecasts for marine environmental conditions, to support
all kind of activities at sea.

The Coastal Ocean forecast module is based on a hierarchy of models and a
set of forecasting tools nested at different scales that include capacities for
near-real time data assimilation together with new tools for initialization
and/or assimilation

Basin scale
O(10 km)

: Forecasting tools
Sub-basin scale - Data assimilation
O km) - SOFT
- FORMS

Local scale
0100 m)

-~
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Coastal Ocean Forecast

The operational system is based on a set of nested
domains at different scales:

a) Basin scale: Mediterranean Forecasting System by
MFS/MERSEA EC projects (Pinardi)

29

8.5

28

75 The model is OPA with 1/16°
spatial resolution (10 days
37 forecast)

36.5

36

355




IMEDEA recent examples of Mediterranean variability
at basin scale
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Fernandez, Dietrich, Haney, Tintoré,
Prog. Oceanogr., (2005)

DieCAST model. one year simulation, salinity and velocity fields - . - A
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Coastal Ocean Forecast

b) Sub-basin scale: Harvard Ocean Prediction System (HOPS)

Model within 1km horizontal resolution and 20 vertical levels.
The model is capable to assimilate temperature and
salinity profiles.

44°M

Surface Salinity




Coastal Ocean Forecast

c) Local scale: HOPS model with 600m horizontal
resolution. Data assimilation of new platforms, gliders,
buoys, ....

Three local
domains

Surface Salinity




Operational systems being developped at IMEDEA

e Qil spill trajectories, SAR, coastal
vulnerability.

e Rip currents in beaches
e Tsunami propagation




IMEDEA recent example of Mediterranean coastal variability (1)

Alcudia Bay, Malllorca

*\Wave energy is dissipated
across the bay inducing
significant sediment
resuspension.

Wave model

\Waves of Hs1.5 reach the
beach

18000 g

o’ b | ‘Preliminary tests indicate
LN wave height intensification,
< caused by refractive
o’ processes, close to Can
i\ " - Picafort harbour.
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Ocean observations

Oceanic observations of the marine
environment have been traditionally
carried out by oceanographic ships
and moorings using instrumentation
like CTD, XBT or ADCP.

These data are required by the coastal
ocean forecast module to correct
deviations between model
prediction and real ocean evolution.

-~
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Ocean observations

Ocean-meteorological buoy in Palma Bay. Measures
meteorological data: wind, atmospheric pressure,
radiation, air temperature. Oceanic data: currents at
Im, 9m & 18 m; waves; conductivity; turbidity;
chlorophyll: temperature at 10 levels.

Boya oceanogréfica

3
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Ocean observations

Example of high resolution SST Medspiration product, 01/05/2006
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Ocean observations

Example of altimetry data

Currents from altimetry data: 20060513

10

Current magnitude (c




New observing platforms

Limitations of conventional observing platforms, avoid to
monitor the ocean at adequate spatial and temporal
resolutions. For this reason and with the help of present
technological development, new ocean observing
platforms have been developed to carry out ocean
measurements at high spatial and temporal resolutions.

Drifting buoy
developed by
IMEDEA. The buoy
can be deployed
from airplanes and
helicopters




New observing platforms

SLOCUM glider (developed by
Webb Research Corporation)

) 72N

AHV3/CORMORAN AUV
developed by IMEDEA
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Rapid Environmental Assesment capability

During the SASEMAR-ESEOOQO experiment in
May 2005, IMEDEA measured local
conditions with CTD to assimilate the data
into the HOPS model to provide more
realistic currents.

DATA

~ Salinity at 30m .




Data Assimilation

CTD data was assimilated into the local South Mallorca
domain using an optimal interpolation technique.




Forecasting oil spill trajectories

The oil spill coastal sub-system allows simulation of the trajectories and
fate of oil released into the sea.

The trajectories module employs NOAA GNOME model (Beegle-Krause,
2001)

30 2°E 30 3°E a0 1°E

X dark color: real trajectory
O smooth color: forecast trajectory

UIB

we  Institut Mediterrani d Estudis Avangats [




Oil spill coastal sub-system

Trajectory model

The oil spill coastal system that allows
simulation of the trajectories and
fate of oil released into the sea
together with evaluation of coastal
zone vulnerability using
environmental sensitivity indexes.

3 2R 3 PE 30 4°F : ]
X dark color: real trajectory
0 smooth color: forecast trajectory



4. Sistema de prediccion de vertidos Mar Balear

The oil spill coastal sub-system incorporates the information
associated with the response to oil spills.

The trajectories module predicts the spill trajectory taking into
account the physical and chemical processes that affect the oil
and is based on the General NOAA Qil Modeling Environment

(GNOME).




Operational system

Products — Ocean Buoys
(in real time) circulation trajectories
|-M-E-D-E-A
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Coastal management

The management system is based on a geographical
information system (GIS) for oil spill crisis
management.

GIS are useful tool for storing, analyzing and
displaying data to support management decisions
and short term environmental protection planning.

Integ rated Analy5|s

Oil Spill Models




Coastal management

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

SULMERARILICAL B X

oo || B Arcview GIS 3.2
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TIPOS DE COSTA RECURSOS SOCIOECONOMICOS
(Segun el Indice de
Sensibilidad Ambiental -=NOAA, 2002) +‘ Aeropuerto
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Coastal management

The Environmental
Sensitivity Index
(ESI) evaluates
the coastal zone
vulnerability
combining
physical, biological,
geological and
SOCIO-economic
parameters of the NETABLOMD B0 COSTERS
coastline into a -
single
environmental
sensitivity index to . . .
oil spills. UB s s s [
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to Mallorca:
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Appl

MEDOQO5 exercise
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MEDO5 was a joint

international experiment
for oil spill emergencies
carried out between 10-

12 May 2005 in the south ’

of Mallorca (Balearic \
lands). .
]Buring the experiment, 3 drifting buoys were launched at

the sea surface.

The task of IMEDEA was to forecast the ocean circulation
and the buoys trajectories in real time.




MEDOS: operational system

ESEOOQO and Conselleria Interior projects.

Products — Ocean Buoys
(in real time) circulation trajectories
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MEDOS5: CTD stations

A CTD campaign was conducted covering the southern
shelf of Mallorca on 11th May 2005, when buoys were
launched. -

CTD stations




MEDOS: System configuration

= Real time data
= SST
= CTD
= Atmospheric forcing
= INM - HIRLAM

(0.169)
= Wave model
= Puertos del Estado

= (Qceanic circulation
model

= DieCAST (0.039)
= Nested to MFSTEP
QOil spill model

0 6 12...
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MEDOS5: Currents
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MEDOS5: Results

Forecasts of buoys
trajectories in real time

Simulations every 24
hours

— Real buoy
— Simulated buoy



Conclusions

= An ocean forecasting system for management of the
Mediterranean coastal zone has been described.

= The system can be used for other applications like
search and rescue operations.

= MEDO5 exercise demonstrates the capability of the
system to provide real-time currents and drifting buoys
predictions.

= MEDOS5 exercise shows the importance of small scale
variability in the Mediterranean Sea

-~
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IMEDEA Remote Sensing/Camera beach monitoring
system

System scheme

PC(Adquisicién/Preproceso)

=

= (Andlisis/servidor)

Hydrodynamics

Statistical products. Mean, variance, timestacks and snapshots.
System fully developed at IMEDEA - public domain —

Presently in place at Cala Millor — Mallorca

Work in progress - 2007

-
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IMEDEA Remote Sensing/Camera beach monitoring
system

The system acquires 4500 images every hour (10 minutes at 7.5 Hz) to obtain the
wave climate (wave breaking, sand bars, wave direction, rip currents, etc. )

Cammera #3. South

Work in progress - 2007



UlE

IMEDEA Remote Sensing/Camera beach monitoring
system

Time stacks

5.33

43620 4383 4383 4383 43831 43831 43832 43633
X(m)

All pixel information at 7.5 Hz along a cross shore transect.
Wave celerity and bottom evolution. Bathymetries.



IMEDEA Long waves and seiches in harbors
forecasting system

Following initial work from IMEDEA:

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 93, NO. C9, PAGES 10,797-10,803, SEPTEMBER 15, 1988

A Theoretical Study of Large Sea Level Oscillations in the
Western Mediterranean

Joaquin TINTORE, DAMIA GOMIS, AND SERGIO ALONSO

Departament de Fisica, Universitat de les Illes Balears, Palma de Mallorca, Spain

DoONG-PING WANG
Marine Sciences Research Center, State University of New York, Stony Brook

Large sea level oscillations (up to 1-m amplitude and around 10-min period) have been observed in
several bays and harbors of the western Mediterranean. These oscillations appear to be associated with
short-period (10 min) atmospheric pressure fluctuations (amplitude of 1.5 mbar). Using a model with a
flat shell and a sloping-bottom harbor, we found that these oscillations were the result of a three-way
resonant coupling between an atmospheric gravity wave, a coastally trapped edge wave, and the normal
modes of a harbor. The amplification mechanism was studied for the harbor of Ciutadella. Good
agreement between the predicted and the observed frequencies and amplitudes is found.

Work in progress - 2007 Tintoré et al., J. Geophys. Res., 1988

Monserrat and Thorpe, J.Geophys. Res., 1992
Gomis et al., J. Geophys. Res., 1993
Garcies et al., Geophys. Res., 1996.



IMEDEA Long waves and seiches in harbors
forecasting system

SEA LEVEL VARIATIONS (cm)

0615 0700 0706 0712 0718 0800 0806

Fig. 2. Sea level record obtained in the inlet of Cintadella, from July 6, 1988, at 1200 UT to July 8, 1988, at 1200
UT. The mean value has been subtracted, and periods shorter than 5 min have been removed by means of low-pass
filtering. This recard is the firet instrumentsal avidence of the riseaca nhennmengn. A more spectacular event, with sea
level variat e e W/M =1

& 0. /s

-2 18.

= wl-(g-h,1%°

Fig. 4. Dispersion relation (in nondimensional variables) for
trapped edge waves in the Balearic Sea. M is the nondimensional
alongshore wavenumber, m is the alongshore wavenumber, and i is
the shelf width (taken as 15 km). W is the nondimensional angular
frequency, w is the angular frequency, and ¥ = H,/H, = 16 [from
Tintoré et al., 1988)]. Dashed lines correspond to the period of 10
min, a wavelength of 18 km, and a phase speed of 33 m s~ !,




IMEDEA Long waves and seiches in harbors
forecasting system

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 98, NO. C8, PAGES 14,437-14,445, AUGUST 135, 1993

Pressure-Forced Seiches of Large Amplitude
in Inlets of the Balearic Islands

D. Gomis, S. MONSERRAT, AND J. TINTORE
Group of Geophysical Fluid Dynamics, Departament de Fisica, Universitat de les Illes Balears, Palma de Mallorca, Spain

Large-amplitude harbor seiches usually occur in summer in the Balearic Islands. A significant
comrelation between sea level oscillations and atmospheric pressure disturbances has been found,
though a proved physical mechanism to account for this atmosphere-ocean interaction is still missing.
Using a flat bottom, shallow water model, we show that a direct coupling between atmospheric
pressure and the free mode of an inlet is unlikely but that an oceanic wave of atmospheric origin can
act as an intermediate mechanism and adequately force the inlet by resonance. The phase relationship
derived from this mechanism is in good agreement with observations, provided the whole spectrum of
oceanic waves is in opposite phase to the generating atmospheric disturbance. We also show that the
very large oscillations observed at Ciutadella (an elongated, shallow inlet in the west coast of Menorca,
Balearic Islands) can be explained in terms of the particular shape of this inlet.
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IMEDEA Long waves and seiches in harbors
forecasting system

Pressure disturbance 5 hPa

Traveling at 30 m/s

Model: ROMS

Free surface
response

Propagating atmospheric disturbance and coastal ocean response



IMEDEA Long waves and seiches in harbors
forecasting system

Response at
different coastal
locations

|dentification of
trapped waves
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OUTLINE

IMEDEA (CSIC-UIB)
Physical Oceanography and Coastal Dynamics
Some examples of contributions to process studies

Pilot Balearic Islands Observing and Forecasting System (MOON) -
towards Science based Operational Oceanography

R

= Some ideas for a Balearic Islands “Coastal” Observing and
Forecasting System

= The international context and sustainability of many coastal
observing/forecasting systems

= Cooperation, networking, sharing investments, unifying
strategies, open access to facilities



Balearic Islands “Coastal” Observing and
Forecasting System

The general objective is to develop a Technological
Platform for Research in Operational Oceanography in
the Balearic Islands with the aim to develop a singular
and strategic open scientific infrastructure which will
help:

= To answer the top scientific and technological
challenges of the next decade related with the new
capabilities in coastal ocean prediction,

= To consolidate and to support excellence research in
operational oceanography

= To support the Balearic Islands as a key place for
marine and coastal research.
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Balearic Islands “Coastal” Observing and
Forecasting System

FOR THIS, FOUR TYPE OF SPECIFIC OBJECTIVES HAVE BEEN
IDENTIFIED:

I. Scientific objectives

II. Technological objectives
III. Strategic objectives

III. Transfer of knowledge

IV. Training of scientist, engineers and technicians

-
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Balearic Islands “Coastal” Observing and
Forecasting System

1. Technological objectives
=  Development of new observing Technologies.

= Research in optimal monitoring strategies using new observing systems
(AUV’s gliders, profilers, etc.)

= Research in data transmission and package transfer.
=  New strategies for data assimilation in numerical models.

=  Development and implementation of operational numerical models at
different scales, basin, sub-basin, regional, local and near-shore.

I11. Strategic objectives

=  Development of an ocean diagnostic and a coastal operational forecasting
system for wave and currents in the Balearic Sea.

=  Development of decision support systems for emergency response (search
and rescue, oil spills, etc.)

=  Development of beach security alerts and sea safety systems in real time.
=  Development of a Integrated Coastal Management System

-
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Balearic Islands “Coastal” Observing and
Forecasting System

I1l. Transfer of knowledge

= Institutional coordination (different administrations and agencies).
E Provide information and formation of the coastal and marine environment.

= Increase scientific divulgation in coastal and marine oceanography at all
levels of end-users.

V. Training of scientist, engineers and technicians

Programme for High School students.
Programme for undergraduate students. Summer Research program.
Programme for graduate students. PhD grants and research program.

Programme for Technicians. Courses in marine instrumentation and
marine technology

=  Programme for postdoctoral research assistants.
=  Program for international visiting scientists, engineers and technicians.
= International school in Operational Oceanography (every 2 years). .

-
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Balearic Islands “Coastal” Observing and
Forecasting System

The general scientific objective of this new infrastructure is to
advance in the understanding of the physical and interdisciplinary
processes as well as their non linear interactions directly related
with Operational Oceanography in the coastal zone.

Thus, to detect and quantify changes in systems and ecosystems and
understand the key mechanism controlling their changes with the
aim to forecast their evolution under different scenarios.

Besides the scientific objective, this infrastructure will be able to
perform a continuous multidisciplinary and integrated a monitoring
of coastal variability in particular focussed in changes related to
climate change as well as the development of new tools and
technologqies.

-
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Balearic Islands “Coastal” Observing and
Forecasting System

Scientific Objectives: Coastal Ocean — 3 areas:

= Near shore hydrodynamics and morpho-
dynamics. Wave-current interactions and
sediment transport.

2) Oceanography in the coastal, shelf and open
seas. Marine resources sustainability.

3) Climate impact and climate variability effects in
the Mediterranean Sea. Regional variability and
ecosystems variability.

-
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1

Balearic Islands “Coastal” Observing and
Forecasting System

Near shore hydrodynamics and morphodynamics. Wave-
current interactions and sediment transport.

Coastal Hydrodynamics.
« Wave propagation from deep to shallow water
« Hydrodynamic models of coastal zones
« Wave-current interaction modelling
 Numerical models for advection/diffusion of contaminants.
Sediment transport and boundary layer
 Wave current turbulent bottom boundary layer
 Bottom energy damping
Beach morphodynamics
 Beach erosion/tilting and coastal variability
e Rip currents and beach safety
Shelf slope exchanges
 Shelf slope two way nesting models



Balearic Islands “Coastal” Observing and
Forecasting System

2) Oceanography in the coastal, shelf and open seas. Marine
resources sustainability.

= Coastal variability and operational oceanography research in a
local and regional scale.

. Diagnostic and forecasting of the Balearic Sea Variability.
. Satellite oceanography

. Development of a Regional Operational Oceanography System
based in real time observations and modelling.

= Mesoscale dynamics and fronts: processes, interactions,
observations and modelling.

. Balearic front characterization, their variability and role in the
North-South water masses changes in the Mediterranean Sea.

«  Characterization of the shelf slope exchanges. The role of
submarine canyons in coastal water renewal.

5 Marine protected areas and global change

. Design and management of new protected areas based on
connectivity studies.

. Global change effects in the Western Mediterranean Sea.



Balearic Islands “Coastal” Observing and
Forecasting System

3) Climate impact and climate variability effects in the
Mediterranean Sea. Regional variability and ecosystems
variability.

= Mediterranean circulation in front of global change
scenarios. Impact on ecosystems.

« Western Mediterranean scenarios.
e« Scenarios and variability of ecosystems.

= Mesoscale and sub-mesoscale processes and their
contribution in the 3d interanual variability of the
Mediterranean upper ocean.

« Mesoscale variability. Variability scales.



Elementos principales

La Plataforma se concibe como un sistema
iIntegrado en el que se combinan 3
grandes sistemas:

(1) Sistema de observacion (adgquisicion y
transmision de datos en tiempo real y su
gestion),

(2) Sistema de prediccion numérica
conjugando modelos y asimilacidon de
datos en diferentes modelos y

13)Sisteina de gestion de datos y



Elementos principales

1) Sistema de Observacién: monitorizacién continuay en tiempo real del litoral
Plataformas fijas

Boyas océano-meteoroldgicas
Estaciones de monitorizacion costeras (incluyendo playas, tipo de fondo y calidad/variabilidad aguas litorales)
Radares costeros (corrientes y oleaje)

Plataformas moviles
Buque de investigacion costero con equipamiento cientifico muestreo zonas litorales (<1.000 m)
Nuevos vehiculos auténomos de muestro tridimensional: AUV'’s, gliders, boyas a la deriva
Sistema marino y terrestre de caracterizacion de playas (emergida y sumergida)
Teledeteccion

Satélites de observacién y monitorizacion aguas litorales
Nuevo sistema de monitorizacion de playas

2) Sistema de Predicciéon Numérica: asimilacion de datos y prediccion operacional en el litoral

Prediccion de corrientes: oceanografia operacional, seguridad navegacion, vertidos, naufragos, etc.
Escala regional, aguas del Mediterraneo occidental y del Mar Balear
Escala local, aguas del litoral Balear

Prediccion variabilidad de los ecosistemas: sistemas acoplados fisico-biolégicos Mediterraneo

Escala regional, flujos biogeoquimicos y acoplamientos fisico-bioldgicos Mediterraneo
Escala local (calidad de aguas litoral Islas Baleares)

Prediccion de oleaje, propagacion en aguas someras
Escala regional: modelos de propagacion de Tsunamis
Escala local: corrientes y oleaje en playas, seguridad zonas bafio

3) Sistema de gestion de datos y transferencia de conocimiento: transmision de datos (TIC'’s),
archivo, usuarios, educacion

Red de comunicaciones
Transmision de datos (cable, radio, GSM, satélite, etc.), recepcidn, control calidad

Infraestructuras de Datos Espaciales
Calidad y fiabilidad datos
Acceso y disponibilidad distintos niveles de usuarios (expertos, divulgacion, usuarios, sociedad)

Transferencia de conocim iento, usuarios finales, educacion, divulgacion, disefio de productos especificos usuarios finales,
herramientas, innovacion

Plataforma Tecnologica de la
Zona Costera de les llles Balears



OUTLINE

IMEDEA (CSIC-UIB)
Physical Oceanography and Coastal Dynamics
Some examples of contributions to process studies

Pilot Balearic Islands Observing and Forecasting System (MOON) -
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