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- The complex ocean system

- Why Ocean Observatories?

- Two-fold paradigm shift

- How do we do that?

- The High-Frequency radar

JBEY SOCIB: Data, Science & Society
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- THE COMPLEX OCEAN SYSTEM

Plays a critical role in ou A “ean state and variability

Salinity
B

NASA’s Aquarius salinity
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- THE COMPLEX OCEAN SYSTEM
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- WHY OCEAN OBSERVATORIES?

Multiplatform, integrated ocean observation and forecasting
in response to Science & Society needs: from Events to Climate
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- TWO-FOLD PARADIGM SHIFT

A

Increase in
human
potential for
analysis:

open science,
open for society
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- HOW DO WE DO THAT? multi-platform integrated observing and forecasting systems

Marine animal

: Driftin
Gliders Research and ARGO floats g .

opportunity vessels profilers buoys

“Beach
Monitoring

Moorings Tide Gauges HF radars
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- THE HIGH-FREQUENCY RADAR

Radar HF: Land-based remote sensing technology of coastal basins

« Radio detection and ranging (US Navy, 1940)

High Frequency, between AM and TV

+ Harmful

A 4
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Radio Spectrum
P - Wavelength
HF: 3 MHz -30 MHz HF radio

HF.: 100m -10m

—

Radiowave Oceanography
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- THE HIGH-FREQUENCY RADAR: OPERATION PRINCIPLE

Bragg principle: the radar signal returns directly to the antenna when it scatters off a wave N2

wavelength (\)

_ transmitted signal
towards the sea

wave echo
» Scattered from sea
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- THE HIGH-FREQUENCY RADAR: OPERATION PRINCIPLE

Bragg Waves traveling away Bragg Waves traveling towards the antenna

§:+fBragg
:4— Current  Surface currents
. velocity * Wind direction
@ !
g |
f - :
o
5 Second-order peaks
 Waves
* Wind speed
i,
W :
RE Noise

-1.6 -1.0 0.6 0.0 0.6 1.0 1.6
Doppler frequency In Hz

A Typical HF (high-frequency) ocean surface Doppler Spectrum
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- THE HIGH-FREQUENCY RADAR: HF RADAR OF THE IBIZA CHANNEL

2 CODAR SeaSonde HF radarstations

* Central frequency= 13.5 MHz
« Bandwidth= 90 kHz

Radial component from radar B

vector combination =
total velocity inside the cell

Radial component from radar A

The radial vector maps from multiple radar stations are
merged to create a total velocity vector current map.

Reference:

= Mantovani et al. (2020). Best Practices on High Frequency Radar Deployment and Operation for Ocean Current
Measurement. Frontiers in Marine Science, 7:210.



https://doi.org/10.3389/fmars.2020.00210
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- THE HIGH-FREQUENCY RADAR: GAP-FILLING

Open-boundary Modal Analysis (OMA) [Kaplan & Lekien, 2007]
o Obtain gap-free 2D surface currents from radials
o Gap-free needed for Lagrangian applications

IBIZ Totals vs. OMA nowcast (k=0.01)
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- THE HIGH-FREQUENCY RADAR: GAP-FILLING

OMA domain for spatial mode calculation Velocity OMA (Open-boundary Modal

IBIZ: Percent Total Vector Coverage from Analysis) nowcast

01-Dec-2016 00:00:00 to 31-Dec-2016 23:00:00 : .
Incompressible | Irrotational

Total coverage polygon Divergence-free | Vorticity-free Boundary
4 OMA boundary

E (1_';-:"'VC),-

i=1
Neumann

|
|
|
|
|
|
|
|
.

- N

;_

Velocity modes

» Describe all possible patterns

* Only depend on the geometry

« Can be computed once

« Can be stored for real-time applications

https://github.com/rowg/hfrprogs
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- THE HIGH-FREQUENCY RADAR: ADVANTAJES

2 HFR combined antennas vs. CMEMS Drifters: 01/2016-08/2019

Models
Observation vs. forecast

Surface drifters

Fixed stations -

Satellites

Continuous monitoring in
wide coastal areas

2D Surface current maps
vs. Time series

2 4 Higher temporal
resolution (30 min-1 h)

Other HFR type

(phase array) Lower visual impact
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SeaSonde combined antennas

R I el

Surface drifters

Fixed stations

QU .\ FEEEN RN o NS i

Satellites SEESEE

— (o - ey [e—

Other HFR type
(phase array)
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- THE HIGH-FREQUENCY RADAR: WORLDWIDE DISTRIBUTION

Growing at a rate of 6 new stations/yr. in EU
Global HF Radar network:

«-1Day -1 Hour 2020-06-28 04:00:00 kg from UTC +1 Hour +1 Day » Bookmark View
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http://global-hfradar.org/
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- SOCIB: DATA, SCIENCE & SOCIETY

Integrated ocean observing and forecasting system

] 1 mission

Focus on meso- & sub-mesoscale,
From nearshore to open ocean

O 3 drivers

Science priorities
Data & Technology
Society Needs

O 3 topics

Operational Oceanography
Ocean Health
Climate

processlng



Sl

Acquisition Archival &
preservation

—o SCIENICE

Processing Dissemination % I

DATA CENTER Integrated Data Management Approach



J SOCIB Data Centre

Provides different tools for visualizing, downloading and
accessing open and quality-controlled multidisciplinary data
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O Anticyclonic eddy during fall 2017

lts intensification and persistence in time, greater than in previous PV el
years, could act as a barrier, diverting the Northern Current. ; » Z

™ folems' ) (0ems’
B Oct-2017 . B Nov-2017 . Dec-2017

2 e 4°E ] 4°E A

Anticyclonic eddy in the Balearic Sea during fall-winter 2017


https://doi.org/10.1080/1755876X.2019.1633075

(] Sustainable fisheries and conservation

Linking ocean variability & species ecology to improve
population stock assessment

Bl: one of the three main bluefin tuna %
spawning areas in the world

Alvarez-Berastegui et al. 2018

Scaled Index

2010 2012 2014 2016

Larval Atlantic bluefin tuna abundances


https://www.researchgate.net/publication/332446996_CHANGES_OF_BLUEFIN_TUNA_THUNNUS_THYNNUS_LARVAE_FISHING_METHODS_OVER_TIME_IN_THE_WESTERN_MEDITERRANEAN_CALIBRATION_AND_LARVAL_INDICES_UPDATING

O Monitoring key biogeochemical parameters

Continuous monitoring of biogeochemical EOVs in the
Mallorca and Ibiza Channels

Winter

Longitude

Longitude

Seasonal variability of chlorophyll-a concentration in the Ibiza Channel
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1 Oceanographic Turtles -

Interactions between environmental factors, marine animals PV al
5l mgn | e -

and human activities. oo ST
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Pl: David March Turtle: Sophie (83 cm CCL) March et al.. 2020

Turtle and glider deployment (left) and turtle dives (black) towards higher productive depths (right)


https://www.dmarch.info/project/oceanographic-turtles/
https://doi.org/10.1111/gcb.14902

U Coastal HF Radar: extreme events monitoring

Impact of the last extreme Ebro river discharge event on the

surface circulation.

01/01/2018 8/04/2018
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Maps of HF radar surface currents and surface Chl-a concentration for
reference conditions (left) and extreme discharge events (middle-right)


https://doi.org/10.1080/1755876X.2020.1785097
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U Coastal HF Radar: extreme events monitoring

Response of sub-mesoscale structures to an extreme wind
event in the Liguria Sea.
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Maps of daily averaged HFR surface currents (left) and surface relative vorticity -normalized
by F—(right) before (20/10/18) and after (31/10/18) the extreme wind event.


https://doi.org/10.1080/1755876X.2020.1785097
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- SOCIB: SCIENCE
. A
U Coastal HF Radar: seasonal events monitoring =l
Winter intensification of the slope Iberian Poleward Current in prv =

the Bay of Biscay

Il
il

Rubio et al., 2020

Hovmoller diagrams of HFR along-slope surface current along two longitudinal transects at
2.7° W (a) and at 2° W (c). Low-pass filtered wind vectors (e).


https://doi.org/10.1080/1755876X.2020.1785097
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SOCIB

Daily HF radar surface
current maps:

Ibiza Channel

Delta Ebro
Gibraltar Strait

Mourre et al., 2018

Aquiar et al., 2020



http://doi.org/10.17125/gov2018.ch24
http://doi.org/10.1007/s10236-019-01317-8
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HF radars
. Fixed stations

Satellites

. Gliders
- ARGO profiler

Sea Surface Temperature (degC) - BahiadePalma

from 23-Aug-2020 to 22-Sep-2020
—— WMOP (3-hourly) -
—— WMOP (daily) |

Sea Surface Salinity - BahiadePalma
from 23-Aug-2020 to 22-Sep-2020
WMOP (3-hourly)

—— mooring (hourly) —— WMOP (daily) |

= mooring (daily)

—— mooring (hourly)
= mooring (daily)

RMSD~0.06
Mean diff.=0.01
Std mooring=0.06
Std WMOP~0.04
Corr=0.28

25,5 —— :
23-Aug 28-Aug  02-Sep  07-Sep  12-Sep  17-Sep  22-Sep 2337-Aug 28-Aug  02-Sep 07-Sep 12-Sep  17-Sep  22-Sep

Time series of Temperature (left) and Salinity (right) at
fixed mooring locations (Palma Bay)
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d WMOP model assessment vs. .
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- SOCIB: SCIENCE
O WMOP model assessment vs. P
= =R ™

HF radars

Fixed stations

Satellites

Gliders

01-Juk-2020 08-Jul-2020 16-Jul-2020

ARGO profiler

Glider temperature and Salinity sections in the
Ibiza Channel
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HF radars

Fixed stations

{ Satellites

Gliders

ARGO profiler

14-Oct-2020 [0-200m] zoom

15 20 15 20

Pot. temperature (degC) Pot. temperature (degC)

ARGO vertical temperature profiles

25
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d WMOP model improvement P
HF radar data assimilation improves the prediction of . o

Lagrangian trajectories !

GNR = satellite SLA,
SST, Argo T-S profiles
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Hernandez-Lasheras J. et al., 2019 Forecast time (hours)

Mean separation distance (km) over the time between real and simulated trajectories for
different DA simulations. Validation performed with 14 drifters (10 days)



] IBISAR: coastal downstream service

Evaluates the performance of ocean current forecasts available
in the Iberian-Biscay-Irish (IBl) regional seas

@ 00

IBISAR ® u J PS5

semee s REVES €1 Al

IBISAR visualization tool allowing data intercomparison
Visit:

SOCIB



http://www.ibisar.es/
https://doi.org/10.1080/1755876X.2020.1785097
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- SOCIB: SOCIETY - IBISAR: WHY? 3

SAR CASE HISTORY: DRIFTING SAILING VESSEL “BAHAYA”

SARMAP - scenario simulation:
* Time step: 10 min
Number of particles: 5000
Wind: AEMET HIRLAM HR (5 km)

Drifting for 62 hours
Currents: different models

' 10_0100

SARMAP: Simulated trajectories
and vessel initial/final location
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- SOCIB: SOCIETY - IBISAR SERVICE OVERVIEW

v SQCIB
POk
Puertos del Estado
- >

How can we improve emergency
response at sea?

End-users needs

Reliable current observations and
forecasting are essential

Easily interpretable metrics

User-friendly automated skill
assessment

How can we improve emergency
response at sea?
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- SOCIB: SOCIETY — IBISAR SERVICE OVERVIEW i e s ‘_

IBISAR service

Effective response
needs the most

accurate data

Provides real-time information of the
most accurate ocean current forecast
in the |IBl area

(Lopernicus C'; o

Facilitates decision-making to SAR
operators and emergency
responders

End-users needs

Reliable current observations and
forecasting are essential

Easily interpretable metrics

User-friendly automated skill
assessment

How can we improve emergency
response at sea?
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- SOCIB: SOCIETY - IBISAR MAIN ELEMENTS

Drifters

HF radars

Ocean model forecasts

IBISAR
downstream service
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- SOCIB: SOCIETY - HOW IBISAR WORKS?

r of o SOCIB
‘ E 3
Puertos del Estado
~>

1.- Trajectory simulation

~Real drifter
Model 1

~Model 2

- Model 3

- Model 4

A simulated trajectories
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- SOCIB: SOCIETY - HOW IBISAR WORKS? i ===

.- Trajectory simulation | 2.- Trajectory comparison

~Real drifter
Model 1
~Model 2
- Model 3
- Model 4

A simulated trajectories A NCLS distance (Liu & Weisberg, 2011)
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- SOCIB: SOCIETY - HOW IBISAR WORKS? & . @

.- Trajectory simulation | 2.- Trajectory comparison - 3.- Model ranking
, i : i | _

d . User: Select area & period
4
xsim(t) “ nov
() \ /’
./ |‘ \‘ e ‘
! 1 f
1 :
|} 1
\
\

‘<i di \ Xon t)\. l Display/Update Skill Scores

N

~Real drifter
Model 1

~Model 2

- Model 3

- Model 4

Skill Score

A simulated trajectories
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- THE HIGH-FREQUENCY RADAR:

> 5800 incidents in 2019
~887% SAR
~12% pollution

CCS Palma
10% missions (1007% SAR)

Latitude (degrees north)

Map showing the geographical

. . . . M ‘3 +  Search & Rescue incidents (87.98 %)
dIStI'Il'.JUtI(-Jn Of the SAR and | E t.' +  Marine Pollution incidents (12.02 %)
pollution incidents in 2019 — —
(source: SASEMAR) 8 W 0

Longitude (degrees east)
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s Salvamento Maritimo

nnnnnnnnnnnnnn

Minimum distance from SAR incidents (km)

to any closest coastal point
! 100

90
5183 SAR missions 450N L
80
< L 470
Coastal indicents < 20 km [
c  40°N - |
@ - 160
o £
inci g - {50 8
Offshore incidents T :
(until 100 km) T 35°N 7] L, 3
g
30
30°N =T [_ i
10
25°N =1 !

0

24I°W 16I°W 8‘I’W 0° °
Longitude (degrees east) I HFR coverages I

| Map showing the geographic distribution of the SAR incidents in 2019

coloured based on the minimum distance to any closes coastal point.
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- THE HIGH-FREQUENCY RADAR: MARITIME SAFETY APPLICATIONS

% SAR incidents (2019) per distance (km) to any closest coastal point

EREENE ! T ! ! 1

5183 SAR missions:

 507% SAR < 3 km offshore

« Allinside HFR coverage:
<30 km —short range
<60 km - medium range
<200 km - long range

ﬂ'\nedlan (km) = ;Short Ra@e (km) a\/ledium Range (km)
298604 : ;HFR (26.275 MHz) EHFR (13.5 MHz)

% SAR incidents

0 0 3 | — I
0246810 20 30 40 50 60
Distance (km)

Histogram of the SAR incidents percentage in 2019 based on their
A distance to any closes coastal point.
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- THE HIGH-FREQUENCY RADAR: MARITIME SAFETY APPLICATIONS
HFR Surface current forecast reduce the search area by 3, when compared vs. HYCOM

A He ®a + ) &
3L S BEiMEL 3. 00n~A P BYR\ I @

" 4—232 km—>

36,000 km? 12,000 km?

ms showing search area after 96 hours with the HYCOM model -left- and with the Short Term
Predictions of HF radar - right- (source: MARACOOS)
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- SOCIB: SOCIETY - DATA VIEWERS

Viewer- coastal tourism sector:

o board.socib.es/galf e W ®
Z ( / L é’ 1 7Pines W|th marine and coastal research ‘
7Pines Resort Ibiza collaborates with the astal HF Radar Facility of SOCIB -
Observation and real time data
HF Radar Surface Currents Weather station
+ % Wind speed
i 2 2 72 3 '5
." /‘ / ’ /’ ] \ \ ” \;:7:3‘1:\7[;‘1 Eivissa ; 0_3 'E
£ AL S LU - T ;Tulg des Galff g 9 72 km/h
e WX / "/.“‘!i'l‘ f‘"‘j’;“’ Ibiza / Evissa i WNW)
X e 0.2 E:
7 1 X X A : v 4 é 13.68 High 1.08 Low
7t 4 A \, S Vo i
“«« r » 2020-06-27T703:00:00.000Z e “ -
T ¥ —ry—— 4 P Leaflet | © OpenStreetMap contributors, SOCIB HF RADAR | sea_water_velocity
E = = - Puertos del Estado Sun Jun 28 2020 20:51:41

Screenshot of the Seaboard from Puig des Galfi (Ibiza) showing Surface currents and weather

information in near-real time. A


http://seaboard.socib.es/galfi
http://seaboard.socib.es/pitiuses

......

\ 4

real time validation

HFR monthly quality
assessment reports

of the Ibiza Channel buoy

and HF radar

Near-

<

60

e b ]
)
oS
)
v

40

Spatial vs Temporal Availability

Number of radial files per 10 days.
CY

AL AL
9
o
‘ob-

059

Month

e

www.socib.eu/?se

1111111

Year

- SOCIB: SOCIETY — QUID REPORTS
HF RADAR monthly reports
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- SOCIB: SOCIETY — COLLECT DATA ONCE, USE MANY TIMES

Copernicus Marine

Screenshot of the
coverage of the different HF radar systems available

SOCIB

H FR s I biza-TOtal Lat: 38.86349 Lon:0.50385517

Active (Recent Data)
GL Global

TV Total velocities High Frequency Radar

~ Parameters @

EWCT | NSCT

Data from: 2018/11/21 to 2020/01/22

Available depths (meters): unknown
Data:


http://www.marineinsitu.eu/dashboard/

« Support tool for lifeguards

» 353 beaches from Bl

 Meteo-ocean observation
& forecasting

« Alarms & notifications

* Glider — exploring tool for students and
teachers

O MEDCLIC Kids App U Ocean Literacy

Educational app for kids » Broad catalogue of educational resources
3 languages (ES, EN, CA) » For students, teachers & general public

3 games « SOCIB: founding member of EU40cean

e Puzzle
 Findit!

MEDCLIC KIDS
ICTS SOCIB * Memory V

MEDCLIC | 9K "aCaixa’ —
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- SOCIB: SCIENCE WITH AND FOR SOCIETY

SOCIB promotes ocean literacy with activities to discover, learn,

generate awareness, inspire, enjoy and empower citizens with
THE OCEAN

We organize We design activities
meetings and materials communicate
Between citizens and Focused on the Research results, products,

researchers educational community  data, services and activities
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- SOCIB: SOCIETY -ON SITE EVENTS

Open Days R/V SOCIB

Meetings with scientists

Science fairs

Exhibitions

Talks and conferences

Workshops
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- SOCIB: SOCIETY - EDUCATIONAL RESOURCES

Didactic units and flipped
classroom

Workshops and education
conferences




SOCIB: an integrated ocean observing and forecasting system
contributing to a long term sustained EOQOS

Infrastructure , Stakeholders

I
’ .
. : wmd . I SocorristalB
1°F r
|

Hernandez et al., 201
2005 Observed spawning areas

Processing

Alvarez-Berastegui et al,. 2016
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European Marine
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Balearic Islands Coastal Observing
and Forecasting System

2019-07-18 19:40:00
SCB-ETDCAMO0S

THANKS FOR
YOUR ATTENTION!

ereyes@socib.es www.socib.es



