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Examples of characteristic 
HF radar installations

a-c Phased Array system
b-d Direction Finding system

Rx: receive antenna
Tx: Transmit antenna
Shed: represents typical shed setting 
for hosting the HFR electronics. 

Figure from Rubio et al. 2017
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1st Order peak

• Velocity of the radial component of the surface ocean 
current (radar look direction)
• Includes the wave-induced Stokes drift (Graber et al., 
1997; Law, 2001; Ardhuin et al., 2009)
• 2 sites at least to retrieve the total surface ocean current
• Also used to estimate wind direction (under the 
assumption that the Bragg waves are locally wind driven and 
aligned with the wind).

• Mostly generated by non-linear waves, it can be used to 
retrieve properties of the sea state such as significant wave 
height (e.g. Wyatt et al. 2006)
• Potential use for ship detection (Dzvonkovskaya et al., 
2008) and tracking (Maresca et al., 2014). 
➢ Comparisons of the power spectra of the backscattered
signal at different radar frequencies has been used to study 
sea surface shear (Ivonin et al, 2004).

Typical Doppler spectrum of the signal back-scattered from a
single range/azimuth cell (1st order peaks: coherent reflection
of the transmitted wave (λ) by the ocean waves whose
wavelength is λ/2)

2nd Order signal

Figure from Quentin et al. 2017



LAND-BASED HF RADAR OCEAN PROCESSES DATA BLENDING APPLICATIONS EU NETWORK



LAND-BASED HF RADAR OCEAN PROCESSES DATA BLENDING APPLICATIONS EU NETWORK

Depend mainly on the operation
frequency and available bandwidth.

Range resolution О(100) m – О(12) km

Max range О(200) km

Integration depth ranging О(10) cms -
О(1–2) m

Examples on the observation of small
scale eddies:

Park et al. (2009) and Archer et al. (2015):
О(10-20) km eddies along frontal regions
of the Florida Current using a 16 MHz.

Kim, 2010 or Kirincich, 2016: О(2-3) km
vortices over the shelf in different areas
with a VHF.
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• Support Coast Guard search and rescue operations
• Increase efficiency and safety of maritime shipping
• Plot routes for recreational sailing and boating

• Track oil and other pollutants (e.j. marine litter)
• Improve coastal water quality and reduce human

exposure to pollutants

• Manage marine fisheries
• Design marine parks and conservation areas
• Assess the potential of ocean energy

• Monitor seasonal and interanual variability
• Increase precision in weather and climate forecasts
• Predict storm surge
• Mitigate coastal erosion

Near Real Time Products

Multi Year Products



✓ High frequency
processes

✓ Shelf slope regime

✓ Mesoscale eddies
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Tidal (semidiunal and diurnal) and intertial oscillations 

Their contribution 
to the total KE
is spatially and
seasonally 
modulated
(Solabarrieta et al., 2014; 
Rubio et al. 2011)

CONTRIBUTION 
TO THE TOTAL 

KE (%) 
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Iberian Poleward Current – EBCS seasonal poleward flow 
(Solabarrieta et al 2015) 

Wind induced currents & strong (> 50 cm s-1) inner shelf poleward 
subinertial currents
(Kersalé et al., 2016,
Solabarrieta et al. 2015)

✓ High frequency
processes

✓ Shelf slope regime

✓ Mesoscale eddies
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SWODDIES. Seasonal generation: IPC instabilities and bathymetric irregularities (Pingree and Le 

Cann, 1992). 

Stationary 4W eddy (glider+SST+SSH)
(Garcia-Soto et al., 2002; Caballero et al., 2014)

2W eddies – identified by HF radar
(Rubio et al. 2013, 2018; Solabarrieta et al 2014, 2015)

✓ High frequency
processes

✓ Shelf slope regime

✓ Mesoscale eddies

MODIS-Aqua derived Chl-a (mg m−3), 
from Rubio et al. 2018
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SLA COTH
05/01/2015

WIND

SLA

Remote sensing tracking until 15/01/2015 

SLA CTOH 18/11/2014

HFR U

HFR ζ

~2 months lifetime; D= 50 km   
Umax=50 cm s-1  ; RV= -0.45f

Eddy-induced cross-shelf transport
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Shelf particles
Core partcles

MODIS Chl-a 21-22 Dec

Rubio A., Caballero A., Orfila, A.,Hernández-Carrasco, I., Ferrer L., González M., Solabarrieta, L, Mader, J. (2018). Eddy-induced cross-shelf export of high
Chl-a coastal waters in the SE Bay of Biscay. Remote Sensing of Environment, 205, 290-304, doi: 10.1016/j.rse.2017.10.037
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November
Typical winter regime

e-folding -0.16

December
Anticyclone

e-folding -0.05
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Joint analysis of coastal altimetry and HF radar data

Manso-Narvarte, I., Caballero, A., Rubio, A., Dufau, C., Birol, F. (2018). Joint analysis of coastal altimetry and HF radar data: observability of seasonal and 
mesoscale ocean dynamics in the Bay of Biscay. Ocean Science, doi: 10.5194/os-2018-33



IPC Mesoscale eddies
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Joint analysis of coastal altimetry and HF radar data

Manso-Narvarte, et al. (2018), doi: 10.5194/os-2018-33



Testind data blending 
methods in 
collaboration with A. 
Griffa (CNR, Italy) ,E. 
Fredj (Univ. Jerusalem) 
and G. Jordà (IEO)
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Joint analysis of in-situ ADCP and HF radar data (in progress)



BB-TRANS glider mision
(May 2018)

✓A deep and a shallow gliders in the area
covered by the HF radar.

✓Equipped with CTD, ADCP, microstructure,
fluorescence-turbidity sensors

The aim is:
✓ to study the 3D circulation and transport in

the within the area covered by the coastal
HF radar system.

✓ Validate the accuracy of coastal altimetry
along-track data within the HFR footprint
area.

✓ Evaluate different methodologies for data
blending
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Joint analysis of in-situ GLIDER, SLA  and HF radar data (in progress)

Lucas Merckelbach 
and Jeff Carpenter
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Radial

OMA total current
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Characterization of surface transport patterns for FML
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Introduced with continental outflow From summer macroplastic observations

Declerk, et al. (under review for JOO)
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Two additional CMEMS HFR-related projects recently 
started:

• COMBAT (2018-2010, CMEMS Service Evolution)
HFR data products will be used to improve coastal altimetry 
(CMEMS SE COMBAT) (AZTI, CLS, LEGOS)

• IBISAR (2018-2010, CMEMS User Uptake)
Demonstrate the potential of CMEMS products and HFR for 
SAR operations.  (SOCIB, RPS, AZTI)

www.ibisar.es

http://www.ibisar.es/
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EU HFR Inventory (Update Apr 2018):  58 operational  (green); 12 future  (yellow);  9 past  (red)
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Number of operational HF Radar stations

7 HFR /year 

6 HFR /year 

2 HFR /year 

2 HFR /year 
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European common data and metadata 
model Reference Card (by Corgnati et al.)

https://presentations.copernicus.org/EGU2018-13317_presentation.pdf

https://presentations.copernicus.org/EGU2018-13317_presentation.pdf



