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The tutorial course will provide an introduction to the principles and current state of the art 
technology for High Frequency radar applications.  The course will touch upon the following 
topics: !

■ What is an HF Radar? Principles of operation, data products & state-of-the-art.!
■ Operating an HF Radar Network: What does a network look like and what does it take 

to manage?  How does one process, analyze and visualize the surface current data? How 
are the products quality controlled?!

■ Applications & Case Studies: How are HF data products currently used in operational 
oceanography?  Case Studies will be shown for recent events including search and rescue 
operations, the Deepwater Horizon oil spill response and Hurricanes Irene and Sandy.!

!
!
Proposed Curriculum for the HF Radar Course!

Principles of operation & data products (0.5 hours)!
State-of-the-Art in HF radar technology (0.5 hours)!
Data visualization & QA/QC (0.5 hours)!
Introduction to US National and Global HF Radar Networks (0.5 hours)!
Search and rescue applications (0.5 hours)!
Pollution floatables tracking (0.5 hours)!
Deepwater Horizon, model validation (0.5 hours)!
Storm forecasting (0.5 hours)!
!

!
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MARACOOS	  HF	  Radar	  Network	  



2000	  

2006	  
2006	  

2009	  
2003	  
2003	  

2001	  
2003	  

2003	  

2003	  

2001	  
2007	  

2001	  

LONG	  
RANGE	  

NETWORK	  
2012	   2010	  

2013	  



Nested	  High	  
ResoluRon	  
Network	  



Standard	  Range	  
Network	  



25	  MHz	  
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Surface	  Current	  Mapping	  Capability	  



CODAR	  Compact	  HF	  Radar	  Antennas	  	  
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Loveladies Communication Configuration  
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E) 

CODAR HF Radar Network Evolution in the Mid-Atlantic  

41 CODAR Sites 
•  Current Mapping 
•  Nearshore Waves    
  & Currents  
•  Vessel Tracking 
•  National Network  
  East Coast Hub 



MARACOOS	  HF	  RADAR	  NETWORK	  
2007-‐2009	  	  THE	  BEGINNING	  



Surface	  Current	  Mapping	  Ini-a-ve	  
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HF	  Radar	  Training	  



VALIDATION	  OF	  HF	  RADAR	  DATA	  
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Kohut	  et	  al.	  (2012)	  Ocean	  Dynamics	  
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Kuang	  et	  al.	  (2012)	  Ocean	  Dynamics	  



MARACOOS Annual Mean Surface Currents (2009) 
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PERFORMANCE	  METRICS	  











RADIAL	  DATA	  PERFORMANCE	  











Winter	  Storm	  
Nemo	  

February	  9,	  2013	  
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Antenna Problem at BRNT Site 

Replaced Antenna June 8 
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CENTRAL	  AGGREGATION	  



Radial Database 
•  Central location to 

monitor region 
•  Automatic 

reprocessing of 
totals with new 
radials 



Administration of the Network by the Operators 







Average Radial 
Velocity 

 

RDLi_BRMR_2012_08_1300 

5 cm/s 
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7 cm/s 
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10 cm/s 







Number	  of	  Radials	  vs.	  Time	  



BISTATICS	  FOR	  	  
SURFACE	  CURRENTS	  
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Network	  with	  
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3	  radars	  can	  provide	  	  
6	  measurements	  



Bista-c	  Data	  in	  the	  Spectra	  
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APPLICATION:	  
SEARCH	  AND	  RESCUE	  



Application to Search and Rescue 
United States Coast Guard  
Office of Search and Rescue 

 
Point measurement vs. Field of measurements: 

Hurricane Floyd Simulation 

Search	  area	  reduced	  by	  factor	  of	  4	  (>10)	  	  

O(4)	  

O(>10)	  

Courtesy	  Art	  Allen,	  USCG	  Office	  of	  SAR	  	  



Status	  2004	  



Status	  2004	  



                                      Success Stories – Making a Difference 
 
Optimizing HF Radar for SAR using USCG Surface Drifters 
 

Art Allen  
U.S. Coast Guard 
 
Scott Glenn 
Rutgers University 
 
and the Mid-Atlantic Regional 
Coastal Ocean Observing System 



May 4, 2009: After a year of testing, NOAA  Announces on  
U.S. Department of Commerce Website that 
MARACOOS CODAR is Operational in SAROPS 

U.S. IOOS Goal 
for 2010-2011: 
Bring all 
sustained 
regional-scale  
HFR networks up 
to operational 
status in USCG 
SAROPS 
 
3 West Coast 
Regions for  
California & 
Oregon 



Status	  September	  2009	  

•  What	  is	  the	  benefit/value	  of	  HF	  radar	  data	  in	  
Coast	  Guard	  search	  tool?	  



HF Radar  
vs  

HYbrid Coordinate Ocean 
Model or (HYCOM)  

Currents in SAROPS 
 •  High Confidence (HF Radar) 

–  sigma (1 std dev) = 0.22 knots 
–  Tau (half life)  = 264 minutes 

•  Low Confidence (HYCOM) 
–  sigma (1 std dev) = 0.37 knots 
–  Tau (half life)  = 264 minutes 

•  Number of particles = 5000  
•  SLDMB 39029 
 

Date Time 

22 July 2009  00 hours 

23 July 2009  24 hours 

24 July 2009  48 hours 

25 July 2009  72 hours 

26 July 2009  96 hours 
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48 Hours Into Search 
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72 Hours Into Search 
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96 Hours Into Search 
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Low Confidence 

CODAR 
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Search Area After 96 Hours 

HYCOM  

36,000 km2 

CODAR 

12,000 km2  

232 km 

154 km 

123 km 

100 km 



HFR Current Mapping Product Development  
Road Map for Search and Rescue 

2002	   2003	   2004	   2005	   2006	   2007	   2008	   2009	   2010	   2011	   2012	   2013	   2014	   2015	  1998	   1999	   2000	   2001	  
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Coast Guard Research 
and Development Pilot 
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Shown to be 

Effective in Second 
Coast Guard 
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MARCOOS 
Establishes First 
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Frequency Radar 

Network 

Optimal Interpolation 
Combination Method 

Effective in Filling 
Spatial Gaps in Mid 

Atlantic Tests  

Mid Atlantic HF 
Radar Network 

Operational with US 
Coast Guard  

National HF Radar 
Network Operational 
with US Coast Guard  

Radial and Total 
Sensitivity Study 

Undertaken to Provide 
Best Data to 

Environmental Data Server  

“A Plan to Meet the 
Nations Surface 
Current Mapping 

Needs” Implemented  



NATIONAL	  HF	  RADAR	  NETWORK	  



Development of a U.S. National HF Radar Network 

1990’s                                Since 2000                    Since 2004                  Since 2007	
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Oregon        New Jersey 

California           Florida      
Coordination Meeting 1999 



U.S. National HF Radar Network 

Data Flow 
Since 2007 

Real Time 
Data 

2004 Plan 



• 	  Technician	  fully	  encumbered	  salary	  is	  
	  	  	  esCmated	  at	  $130,000;	  	  
• 	  Purchase	  and	  deployment	  for	  DF	  HFRs,	  
	  	  LPA	  HFRs	  are	  $160,000	  and	  $300,000,	  
	  	  respecCvely.	  	  
• 	  Two	  technicians	  for	  each	  7	  DF	  HFRs,	  	  
	  	  4	  LPA	  HFRs,	  respecCvely.	  

U.S. National HF Radar Network Table 4: Full 5-Year Buildout. Estimated costs for 
new HFRs and to maintain existing HFRs. 
http://ioos.gov/hfradar/ 



IOOS Coordinated Rapid Response: Deepwater Horizon Oil Spill 
Contributed Assets: 
  

HF Radar Networks 
    USF, USM 
Gliders 
    iRobot, Mote, Rutgers, 
    SIO/WHOI, UDel, USF 
Drifters & Profilers 
    Horizon Marine, Navy 
Satellite Imagery 
    CSTARS, UDel 
Ocean Forecasts 
    Navy, NCSU 
Data/Web Services 
    ASA, Rutgers, SIO 
 
 
 
 
 

Tropical Storm Bonnie crosses the Gulf of Mexico 

USM HFR 

USF HFR 

TS Bonnie 

USM HFR validation of SABGOM Forecast 
 in region with satellite detected oil slicks 

HFR used for Oil Slick Forecasts 
by NOAA/NOS/OR&R 



www.legislative.noaa.gov/Testimony/Lubchenco033111.pdf  

From Page 10: 
Also in support of oil spill response, NOAA requests a $5.0 million increase to 
implement the U.S. Integrated Ocean Observing System (IOOS®) Surface Current 
Mapping Plan using high frequency (HF) radar surface current measurements.   
HF radar provides information vital to oil spill response, national defense, 
homeland security, search and rescue operations, safe marine transportation, 
water quality and pollutant tracking, and harmful algal bloom forecasting. 



Thank	  You	  


