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The Mediterranean coastal areas

s Maritime Safety ~
Minimum distance from SAR incidents to any closest coastal point (km)
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Integration of HFRs in the COOSs N

™ eHigh spatial resolution (0.2- 6 km)

" o\\ide coastal coverage (> 200 km)
. eComplement coastal in-situ & satellite

\ Particle residence times (hours) from HFR-Ibiza (Rubio et al., 2020) )

e Cost-effective land-based technology
e(Operation principle: Bragg's theory
e 2D surface currents maps, waves & wind

eHigh temporal resolution (30"-1h)
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The Mediterranean HFR network: status

Going into detail...

HFR systems in the Mediterranean Sea DEPTH(m) | 51 ctworks (> 48.8% of EU)

= 0
e 60 HFR sites (55.04% of EU)
-1000 ¢ 45 HFR permanent (81.6%)
e 31 HFR ongoing (51.7 %)
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Map of HF radar systems (> 55% in EU) deployed
in the Mediterranean
(Source: Lorente et al, 2022)



The Mediterranean HFR network: key numbers

Status Permanence Type of System

Historical: 16 (27%) Temporary: 11 (18%) Beam Forming: 13 (22%)

Ongoing: 31 (52%)

Permanent: 49 (82%) Direction finding: 47 (78%)

Future: 13 (22%)

D\/ Operational D\/ Permanent D\/ Direction Finding

Connection with the European HFR node

Non-connected: 46 (77%) Non-connected: 51 (85%)

Connegted: 9 (15%)
Connected: 14 (23%)

NRT Data REP Data

(Source: Lorente et al, 2022)
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HFRs Basic Products °

(~  Surface Currents Beam forming Bisckaie )
e Primary HFR measurement - R T e S :
eFirst-order Bragg peaks B h‘
e Different factors can affect the E i
radial currents measurements
e New techniques to improve raw HFR | |
signal processing quality IE— SEE—

Hourly radial surface current maps provided by HFR in Fort Peyras (Toulon, France)
\_ with a 12-antenna receiving array. Dumas and Guérin, 2020 J

Wave height, period and direction

~

(in Malta-Sicily Channel); c) buoy (Ebro Delta); d) ERA-5 reanalysis (Israel)

e Second-order Bragg peaks
e Reliable source of wave information >> useful for early warning systems
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HFRs Basic Products

Winds

2 studies in the Mediterranean Sea
e Ligurian Sea: WERA radar, 12 MHz (Shen & Gurgel,
2018)
o  Wind direction accuracy depends on the HFR

frequency
. . . . . . = HFr vs Ispra
o Inversion of wind direction improves with . ~=HFr vs Skiron
higher-wind conditions 1 2 3 4 5 6 7 8 9 10 11 12
e Gulf of Naples: CODAR SeaSonde HFR, 25 MHz )
: 100
(Saviano et al., 2021) ~
o Validation vs. weather station and SKIRON/Eta 7
= 80e
model B R we
o Good statistical agreement, better between E 60 TR T e gl i, O e 7
4-10 km from the coast o T = o W g W il
o Noise interference, wind duration and fetch 40 - Erva Skiron A
should be evaluated. 1 2 3 4 5 6 7 8 9 10 11 12

Variation of the (a) circular correlation coefficient and of the (b) RMSE on range cells between HF radar wind direction versus the weather
station (located at Ispra) and the model SKIRON/Eta for February 2009 in the Gulf of Naples. Saviano et al., 2021






HFR Applications: Maritime Safety

~ Model assessment & improvement ~

b) HFR-Gibraltar c) SAMPA (coastal model)  d) CMEMS-IBI (regional model) C M E M S _ | B | an d SA M pA C0aSta| m Od e |

a) HFR-Gibraltar: mean circulation (2016.2017) Number Observations = 8688 Number Observations = 8760 Number Observations = 8760
Tt | | Abemec i | | el el assessment vs. HFR-Gibraltar in 2017

g B B (Lorente et al., 2019)
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HFR Applications: Extreme natural hazards

/ Extreme events ﬁ / Tsunami detection
eSmall-scale ocean response to extreme wind event.

Evt Ebro river freshwater disch ; e HFR technology can detect tsunami-induced currents.
e Xtreme o river rresnwater discnarge event. s : :
Com st e e 8 N e Promising applications of HFRs.
® >ea state characterization aurin oria storm. .
Coll £ the Atlantic Jet in th gG'b ftar <trait e Integrated as complement tool to warning systems.
eL0llapse o e antic Jet In the Gibraltar stralt. : :
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HFR Applications: Ecological Transport Processes
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~~ Pollution and floatables tracking

e HFR potential for tracking oil spills, ML
e To understand the phyto distribution.

FSLE (colorbar). Hernandez-Carrasco et al., 2018

e To identify scenarios that favour local retention.

Evolution of two sets of particles (black and blue) in the
HFR-Ibiza footprint area superimposed on the backward
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-~ Eddy tracking

submesoscale eddies (Bagaglini et al., 2020)

Summer

10 10.5

e 2 eddy algorithms tested in the Mediterranean
e To detect mesoscale eddies (Nencioli et al., 2010) and

\Eddies detected with both algorithms with the HFR-LaMMA  /
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~N/ Transport of biological quantities and connectivity \

e HFR in support of the coastal zone management.
e To investigate oscillating plankton population dynamics, the
role of coastal currents in the recruitment & abundance of
small pelagic species

15.8
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\ Average residence times (days) in the Gulf of Manfredonia. /

16.4







Challenges to be faced by the Mediterranean HFR network (I)

'« Cost-effective land-based technology.

* High spatial resolution (0.2- 6 km).

* High temporal resolution (15’-1h).

* Wide coastal coverage (up to 200 km).
* 2D surface currents maps, waves & wind.

* Continuous monitoring, even under extreme events.
* European and global networks are linked.
* BPs are coordinated at the HFR network.
* Complement coastal in-situ & satellite data
 Similar resolution to regional models. :
* HFR network is open to all operators.

(« Continuous technology improvement.

» Existence of initiatives to develop a data
interoperability strategy.

* Fostering cooperation within the UN Decade.

* Growing availability of long timeseries of HFR data.

* Increasing awareness of HFR data distribution and
availability.

* HFR data assimilation can improve ocean models.

» Scientifically grounded HFR network outcomes.

» Strengthen HFR community’s cooperation.
\.

* Promotion of the European HFR network governance.

® Observations limited at the very near surface layer.

* Non-mature (operational) stage for waves and winds.

* Lack of HFR-derived waves and winds data standards.

* Limited coverage in the Mediterranean Sea, exacerbated by
the predominant use of medium/short range HFR systems.
* Difficulties for cross-border agreements.

* Difficulties for installation and licensing.

* Unbalanced HFR data between N/S and E/W in

the Mediterranean.

¢ Installations are mostly funded through
short-term projects.

e Limited HFR network key performance

indicators. v

1) Lack of agreement on the data policy:

______________________________________________

* The Mediterranean HFR network is a largely unfunded
community effort.

* Lack of definition of the long-term sustained HFR needs

® Limited training to the next generation of HFR technicians
+ and scientists.

e Limited HFR data sharing |

Lorente et al., 2022 [DOI: 10.5194/0s-18-761-2022]
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Challenges to be faced by the Mediterranean HFR network (l1)

=HFRs has boosted the research at the coastal areas.

=HFRs help to overcome the scarceness of observations
and the ocean model limitations in coastal areas.

=HFRs are a great asset for NRT model operational
assessment and model improvement.

=HFRs are very resilient platforms, even under extreme
events.

=HFRs can detect tsunami-induced currents.

=HFRs can track oil spill and marine litter.

=HFRs can detect and track small-eddies.

=Increasingly capability to develop HFR
Short Term Predictions.

‘1) UN’s Decade raises ocean’s awareness.

=Fostering of the HFR data in supporting the CZM.

i-HFRs can greatly contribute in the achievement

. of the GES of the Mediterranean water.

=Existence of an European HFR stakeholder
engagement strategy to facilitate co-production.

=Integration of HFRs in tsunami warning systems.

*HFR combination with other observing platforms.

\»Key role of NGOs and citizen science in monitoring.

e B B e I e B ] S = S S e
'a) Limited adoption of common data and metadata

' models for HFR surface currents.

{b) Lack of HFR-derived waves and winds & added-value
- operational distribution in standardized format.
'=Lack of consensus on the methodology to generate

————————————————————————————————————————————————————————————————————

4
f) Limited HFR data assimilation.in model .
= Lock of the interoperable data access.

= Limited user uptake, data use and value.
= Fail in addressing the user needs.
= Lack of HFR tsunami alert system available

in the Mediterranean Sea, despite the existing risk.
=Long-range HFR are required for HFR-based tsunami

early warning systems in the Mediterranean.

for data combination and integration.

Reyes et al., 2022 [DOI: 10.5194/0s-18-797-2022]
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l~“ Expansion of the Mediterranean HFR network

Reinforcing the Mediterranean’s leadership in HFR activities
@ @ Keep promoting the HFR data interoperability and distribution
Enhancing HFR data discoverability, access and usability
= Further development of emerging HFR applications
. Extension of the HFR time series

Fostering the HFR data integration

Boosting the HFR data assimilation

HFR-systems Countries Expansion of the pool of expertise

Strengthening partnerships

Seeking for funding

Recommendations Regional contribution to long-term major effort




Thank you very much for your attention
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