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Electromagnetic propagation  over conductive ocean

Conductivity:
-  sea water 4 /Ω/m
-  limestone 0.005  /Ω/m



  

Bragg-scattering from a water surface

Ocean Wavelength = ½ Radio Wavelength



  

Modulation                FMCW linear chirp
Operating Frequency Range        from 3 MHz to 30 MHz 
Transmitted RF-Power typically 3-5 W, max. 50 W
Range 50 km/ 25 NM @ 27 MHz

100 km/ 50 NM  @ 16 MHz
260 km/ 140 NM @ 8 MHz

Range Resolution      depends on authorized bandwidth c/2B  
1.5km@ 100kHz,  150m @ 1MHz  (voice 3kHz)

Azimuthal Resolution better than  2 degrees

UH Generic High Frequency Doppler Radar specifications



  

● Hawai’i, the Pacific Island Observing System (feeding into HFRnet): 
- 5 radars at 13.5, 16 and 26.5 MHz operating on Oahu, since 2009
- 2 radars  at 16 and 24.5 MHz operating on Hawai’i, since 2012
- 2 solar-powered radars at 13.5 MHz in Guam and Rota, starting 2025

● Mexico (UABC):
- 3 radars at 24.5-26.5 MHz, covering Bahia de Todos Santos (Ensenada), installed 2015
- 2 long-range radars at 8 MHz range up to 250 km offshore Baja California, installed 2016
- 15 long-range radars at 7-8 MHz, covering the Gulf of Mexico, installed 2018

● New England (WHOI):
- 10 radars at 16 MHz mapping the New England shelf, starting 2018

● Luzon strait (UPD-MSI, with TORI):
- 3 long-range radars at 8 MHz, collaboration Philippines/Taiwan/Hawaii, 2019-2023

● Quebec (ISMER):
- 2 mobile solar-powered radars at 16 MHz deployed in the St Lawrence estuary, since 2018

● France (IFREMER): 
- 1 long-range radar at 4.5 MHz over the southern Bay of Biscay, since 2021

● Taiwan (NCU; NAMR; TORI; IHMT)
- 21 radars at 25-30 MHz covering harbors around TW, since 2018

Current deployments of UH Generic HF radars: 



  



  

Baler (Ph.) Receiving Array   8 MHz range 260 km



  

Penghu island TW 32 antennas range 40 km @ 26.5 MHz  



  

  



  

Radial currents



  

Significant waveheight (Hs):
 buoy vs. HF radar

The radar underestimates Hs 
for large swell events



  

[Gurgel et al.,1999]
[Fernandez et al. 1997]

wind direction from HF radar
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University of Hawaii Pacific Ocean Observing System
hourly currents



  

 HF radar network for the Gulf of Mexico
20 radars, 6-8 MHz

 with Universidad Autonoma de Baja California





  

Period 1
(09/06/02-11/16/02)

Period 2
(03/04/03-04/29/03)

Validation:
High Frequency Radar Currents 
(16 MHz, 1 m) 
vs.
Acoustic Doppler Current meters 
(300 kHz, 12 m)



  

Caveat 1: Geometric Dilution Of Precision

 (GDOP) 



  

Caveat 2: interference from ionosphere-reflected transmitters



  

          
          

Direct Digital Synthesizer

Double-Balanced Mixer/quadrature detector:

I:    2 sin x sin y = cos (x-y) – cos (x+y)

Q:   2 sin x cos y = sin (x-y) + sin (x+y)
if  x= (ω + Δ ω) t    and   y = ω t then  x-y = Δ ω 
t 

Homodyne HF radars
principle of operation



  

MK-III receiver engine  (University of Hawaii)



  

• all-in-one, 24V solar/wind ready
• passively cooled, no A/C 
• one 2.5” 4Tb drive = 4 years raw data
• all components outsourced
• mostly commercial off-the-shelf
• qty 40 cost about $36,000 

 University of Hawaii HFR (100 built):



  

Processing HF Radar data for currents:

1. time series of digitized received antennas

2. range-resolving Fourier transform

3. Doppler-resolving Fourier transform

4. azimuth-resolving beam-forming transform

5. Doppler-shift tracking of Bragg echoes
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Doppler Frequency [Hz]
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Low frequency flow in Panay Strait
Ph.D. dissertation

Charina Repollo, U.P. Diliman

 characterize the dominant surface and subsurface flows 

 assess the wind contribution on the onset and growth of 
cyclonic eddy

 describe the influence of eddy on biology



  

Philippine Straits Dynamics Experiment (2008)

South 
China Sea

Sulu Sea

Cuyo Group of 
Islands

Batbatan  Island
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Mindoro-Panay Strait: a branch of Indonesian Through-Flow
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Pronounced seasonal cycle
 

 NE monsoon, strong wind stress curl in the lee of Panay Island 
 SW monsoon, curl dipoles absent with random wind direction

   NE 
Monsoon
              (Nov-Mar)

   SW 
Monsoon
               (Jun-Sep)

Wind stress and curl

(QuikSCAT satellite radar)



  



  

Low-frequency time series 
obtained by

  removing the tides (t-tide)

  6-day  running median 

Data SW monsoonNE monsoonSW monsoon

   Airport 
wind

HFDR 
current 

ADCP 
current

QuikSCAT 
wind

hourly

6-day medianed

Low frequency data

IOP-09



  

Local wind 

 Observed and satellite-derived winds well-correlated
 Persistent northeasterly wind Oct - April 
 Variable southwesterly wind May - Sep 
 Well-defined transition periods, October and April 

SW monsoonNE  monsoonSW monsoon

HFDR wind direction

NE
M

SW
M

NE
M
NE
M
NE
M

observed wind (airport)

satellite-derived wind (QuikSCAT)



  

GOOD DATA



  

 NE Monsoon
            (Nov-Mar)

  SW 
Monsoon
             (Jun-Sep)

 coastal jet – northward alongshore flow from the coast to the center of the eddy
 eddy – southward return flow from the center of the eddy to the west 

Surface flow (HFDR)

30 cm/s  Eddy return          coast 
jet 

                coastal jet 



  

SW monsoonNE  monsoonSW monsoon

             eddy 

eddy

 coastal jet is permanent 
 cyclonic eddy is distinctly seasonal, NE monsoon
 well-defined transition periods, October and April 
 intermittent variation of coastal jet concurrent with the eddy formation

 . Coastal jet and cyclonic eddy
         coastal jet 

    Eddy return      coast jet 

                coastal jet 



  

Vertical distribution of transport per unit depth (Sv m-1) to Panay sill depth 

Sprintal et al., 2012

●  Indonesian Through-Flow (ITF) is subsurface,  
     under locally forced northward coastal jet

● Where is the Indonesian Through-Flow?

 (moves water from West Philippines Sea to Sulu Sea)

Coastal jet

ITF



  

● Time integral
Cumulative effect of wind stress curl generates divergence,
permanently lifting the thermocline and increases vorticity

(m
)

WE – Ekman pumping velocity

HE – Ekman depth, best fit = 32 m

Hg – thermocline height
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Panay
Mindoro

Conclusions
 Conceptual diagram showing Ekman pumping in the lee of 

islands 
1. wind intensifies between islands 
2. wind stress variations form positive wind stress curl in the lee of Panay
3. induces divergent surface currents 
4. which in turn uplift thermocline
5. pressure gradient spins-up eddy in geostrophic balance 

    

  mechanism of cumulative wind stress curl to eddy kinetic energy 



Wind direction from HFDR during typhoon passages
(Ian Fernandez, UP-MSI) 
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Novel array configuration: 3^2-1 grid for direction finding



  



  



  

– use best PPS timing board on the market: U-Blox F9T

– tested ±7 ns  PPS jitter on fixed position

– firmware modules implemented in FPGA controller

• ntp server on local network good to 1 ms

• iterative clock-remapping of OCXO to 1 mHz using 
dedicated DDS by counting clock cycles between PPS

• code to start chirp and ADC on exact PPS

– clock stability to 0.01 mHz maintained 

by chip-scale Microsemi Rb clock

– Applications:

1:  distant TX and RX without cable connection

      (allowing single-antenna TX)

•

Recent development: 
all-constellations GNSS synchronization:



  

– use best PPS timing board on the market: U-Blox F9T

– tested ±7 ns  PPS jitter on fixed position

– firmware modules implemented in FPGA controller

• ntp server on local network good to 1 ms

• iterative clock-remapping of OCXO to 1 mHz using 
dedicated DDS by counting clock cycles between PPS

• code to start chirp and ADC on exact PPS

– clock stability to 0.01 mHz maintained 

by chip-scale Microsemi Rb clock

– Applications:

 2:  multi-static operation for simultaneous

 elliptical and circular solutions (here:

8.5 km between TX and RX)

•

Recent development: 
all-constellations GNSS synchronization:



  

New England operational 
GNSS-synchronized
multi-static array
(LPWR/NWTP are atomic) 



  

•

 Space weather applications (ONR)

– use opportunistic well-known  HFDR signal for ionospheric studies
– passive high-bandwidth receivers installed Palau, Taiwan, 

Philippines
– detect many chirping transmitters, few identified
– trend-setting paper by Scripps’ group



  

•

 Space weather applications (ONR)

MIT Lincoln Lab’s MODI receiver on Palau:

– use opportunistic well-known  HFDR signal for ionospheric studies
– passive high-bandwidth receivers installed Palau, Taiwan, 

Philippines
– detect many chirping transmitters, few identified



  

Future developments:

       

– are we seeing the end of homodyne HF radars?
– are software-defined HF radars next?
– potential for using opportunistic well-known  HFDR signals

for transmitter-less multi-frequency passive receiver radars



  

row.oceanphysics.org

row2024  

plymouth
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