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European HFR Network HFR sites location
(source: EuroGOOS)

Bl Coastal high-frequency radars
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Intermediate and end-users

Mader et al., 2016; Rubio et al., 2017, : Corgnati et al., 2018

2D surface currents maps, waves & wind
High spatial resolution (0.2-6km)

High temporal resolution (15-60 min)
Wide coastal coverage (up to 200 km)
Complement coastal in-situ & satellite



https://eurogoos.eu/download/reference_documents_/EU_HFRadar_inventory.pdf
https://doi.org/10.3389/fmars.2017.00008
https://doi.org/10.3289/eurosea_d3.4
https://imdis.seadatanet.org/content/download/121493/file/IMDIS2018_Proceedings.pdf
https://www.seadatanet.org/
https://marine.copernicus.eu/
https://portal.emodnet-physics.eu/

Bl Coastal high-frequency radars

V HFRs Quality Control Tests

8 QC HFR_radial” 6 QC HFR_total”

Syntax check

Syntax check

Over-water

Data density threshold

Velocity threshold

Velocity threshold

Variance threshold

Variance threshold

Temporal derivative

Temporal derivative

Median filter

GDOP threshold

Average radial bearing

Radial Count

4 HFRs Data Products @

* CMEMS INSTAC QC for coordinate
variables (TIME, POSITION, DEPTH)
are also included.



https://resources.marine.copernicus.eu/product-detail/INSITU_GLO_UV_NRT_OBSERVATIONS_013_048/INFORMATION
https://resources.marine.copernicus.eu/product-detail/INSITU_GLO_UV_L2_REP_OBSERVATIONS_013_044/INFORMATION
http://dx.doi.org/10.25607/OBP-944
https://doi.org/10.3389/fmars.2020.00210
https://marine.copernicus.eu/

Bl HFR-Ibiza Channel

2 CODAR SeaSonde HF radar stations >

Frequency = 13.5 MHz

Operational since June 2012

Lanaetal., 2016
Tintoré et al., 2020

Y HF radar radial velocities

Settings }

Output interval

Grid resolution
Averaging radius
Max. range rad/totals

Azimuth range

Range cell/resolution

Average Depth

1h

3 km

6 km

88/65 km

50

1.6 km

~0.9m



https://doi.org/10.1007/s10236-016-0929-z
https://doi.org/10.25704/17GS-2B59

Bl HFR-Ibiza Channel

2 CODAR SeaSonde HF radar stations >
e Frequency = 13.5 MHz
e Operational since June 2012

Y HF radar surface currents

Settings } Output interval 1h

Grid resolution 3 km

Averaging radius 6 km

Max. range rad/totals RIS

Azimuth range 5°

Range cell/resolution R

Lana et al., 2016 Average Depth ~0.9m

Tintoré et al., 2020



https://doi.org/10.1007/s10236-016-0929-z
https://doi.org/10.25704/17GS-2B59

Bl HFR-DeltaEbro

3 CODAR SeaSonde HF radar stations > :
/,?.I e Frequency = 13.5 MHz
== e Operational since December 2013

Ry SR { HF radar surface currents HFRs pictures. Source: VIONGOOS
- )

ol ‘;*’ ,;'x“-a Screenshot of HFR-DeltaEbro
- surface currents available at
https://portus.puertos.es/#/

Output interval 1lh

Grid resolution 3 km

Averaging radius 6 km

Max. range radials 80 km

Azimuth range 5°

Range cell/resolution RN

Settings > Average Depth ~0.9m

Lorente et al., 2015



https://portus.puertos.es/#/
https://doi.org/10.5194/os-11-921-2015
http://www.mongoos.eu/

Bl HFR-Gibraltar Strait

4 CODAR SeaSonde HF radar stations >

,.w"f“[ e Frequency = 26.275 MHz
== e Operational since May 2011

PR

- _radar surface currents Camarinal HFR site. Picture: Marina Bolado

s
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o Settings > Output interval 1h

Grid resolution 1 km

: /% Averaging radius 3 km

= 4 Max. range rad/totals R

Azimuth range 5°

Range cell/resolution HeEsERN1

Average Depth ~0.5m
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Screenshot of HFR-Gibraltar surface currents available at
https://portus.puertos.es/#/

Soto Navarro et al., 2016



https://portus.puertos.es/#/
https://doi.org/10.1002/2015JC011354.

Bl HFR-COSYNA: German Bight

3 WERA radar stations }
e Frequency =10.8 and 12.5 MHz
e Operational since Feb 2007
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https://doi.org/10.5194/os-13-379-2017
https://doi.org/10.5194/os-13-379-2017

WMOP system vs HFRs Vv W IBI-MFC and SAMPA (child) models vs. HFR-Gibraltar

a) HFR-Gibraltar: mean circulation (2016-2017)

(s/wd) psads Juain)

HFR-DeltaEbro

b) HFR-Gibraltar c) SAMPA (coastal model) d) CMEMS-IBI (regional model)
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https://doi.org/10.5194/os-15-967-2019
https://www.godae.org/~godae-data/School/Chapter24_Mourre_et_al.pdf

Bl HFRs applications: model assessment & improvement

IBISAR: Skill assessment services V' W NARVAL: North Atlantic Regional VALidation
for Search and Rescue operators Regional and coastal models skill assessment tool
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http://www.ibisar.es
https://doi.org/10.1080/1755876X.2020.1785097
https://doi.org/10.5194/os-18-797-2022
https://doi.org/https:/doi.org/10.1007/978-3-030-22747-%200_25

. Forecasting systems: WMOP and COSYNA

WMOP: Western Mediterranean W VW' WMOP configuration

OPerational model System

WMOP ocean forecast
valid for 24-Jun-2022 00:00 UTC [lead time of 0h]

Spatial domain Western Mediterranean
(Gibraltar to Sardinia-Corsica)

Surface temperature (deg C) and currents
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Initial & boundary CMEMS Med Forecast (1/24°,
conditions daily)

100 km |

Data Assimilation SLA along-track, L4 SST, Argo
& gliders T-S profiles, HFR
totals (daily)

Longitude (deg E)

Forecast available at Juza et al., 2016, Mourre et al., 2018



https://doi.org/10.1080/1755876X.2015.1117764
https://doi.org/10.17125/gov2018.ch24
http://www.socib.es

. Forecasting systems: WMOP and COSYNA

COSYNA- IMCO: Coastal Observing System W W COSYNA-IMCO model configuration

for Northern and Arctic Seas - Invertible
Model for the Coastal Ocean

Current Speed [m/s] Jan 10, 2012 00:00 UTC

red: analysis

blue: free run

Forecast available at

Spatial domain
Forecast length
Horizontal resolution
Vertical resolution

Output resolution

Atmospheric forcings

Initial & boundary
conditions

Assimilation

* Deutsche Wetterdienst

German Bight (North Sea)

12 hours

1 km

21 o-levels

1h

DWD* wind (1h/7km)

North Sea 3NM model

HFR radial (20, 2 km)



https://doi.org/10.3389/fmars.2021.648266
http://codm.hzg.de/codm/register.jsp

Bl HFR data assimilation in WMOP and COSYNA

WMOP Data Assimilation results VvV V' WMOP - DA System

Scheme Local multi-model
Ensemble Optimal
Interpolation (EnOl)

Mean separation distance from drifter to virtual particles

W
o

CR= control run (no DA)

GNR = SLA, SST, Argo T-S
=GNR + HFR totals
= GNR+ HFR radials

N
()

HFR data Radial /Total (daily mean)

N
o

Num. Ensemble 80

Domain locahzation A0S

=]
o

Backg. error cov. Stationary ensemble

Mean separation distance (km)
[=]

24
Forecast time (hours)

HFR DA improves the prediction of
Lagrangian trajectories >

reducing the mean separation distance

by 53% vs. CR and 29% vs. GNR.

Initialization analysis

“‘.I Analysis

n+1

Analysis



https://doi.org/10.5194/os-17-1157-2021

A RMS SYL [%]

Percentage error
reduction for the
different radial surface
current components
achieved with the
4DVAR analysis vs.
BSH model.

COSYNA Data Assimilation Results
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Schulz-Stellenfleth et al.,

Bl HFR data assimilation in WMOP and COSYNA
\ 4

W COSYNA - DA Scheme

Scheme

HFR data
Other observations

Corrections
included in the
control vector

Dynamics

4DVAR variational
optimisation

Radials (hourly)

Sea level, ADCP

- Seafloor roughness,

- open boundary forcing,
- wind forcing,

- turbulence and

- vertical momentum
diffusion.

Dominated by
barotropic processes
with short time scales.

Stanev et al., 2015, Schulz-Stellenfleth et al.,2021, 2022



https://doi.org/10.1175/JTECH-D-13-00164.1
https://doi.org/10.3389/fmars.2021.648266
https://doi.org/10.3389/fmars.2021.648266
https://doi.org/10.3389/fmars.2021.648266

Bl Conclusions and remarks
HFR DA should be boosted

to improve operational high-
resolution coastal models

HFRs DA helps to
assess & improve the

Need to further analyze
model performance

numerical approaches to

_ ) minimize the cost function
HFR radial DA: easier

error characterization
and higher coverage

Robust operational DA
schemes needed to exploit
the HFR high-temporal resolution

Consensus needed about
the Stokes contribution in
the HFR data

HFR observation & model
error covariances should be

characterized and available

HFR and tide gauges
combination adds

information on transport . DA dedicated approaches
required for diverse coastal

regions, processes & time-scales
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Supplementary material

trajectories maps for W
different experiments

A 4 - DA System (nesting)
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AN

Analysis: background= Day n daily average

W n+1

0.8°E 0.97°E  1.13°E 1.3°E 0.8°E 0.97°E  1.13°E 1.3°E 1.1°E 127°E  143°E

(d) Start: 06 Oct 2014 00:00 Start: 04 Oct 2014 00:00 (f) Start: 07 Oct 2014 00:00

39.3°N

10 km 10 km \

. \
0.9°E 1.07°E 1.23°E 1 0.7°E 0.87°E  1.03°E .2° ° 1.17°E  1.33°E 1.5°E




