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Through	Short	Waves	

How do HF radars measure winds? 
 

 

Introduc0on	

Local winds must be inferred from the short wave 
measurements.	The	wind	pumps	energy	mostly	into	shorter	and	
slowly	 moving	 waves	 which	 then	 transfer	 this	 energy	 towards	
longer	waves,	thus	allowing	those	to	grow-by	means	of	nonlinear	
interac>ons.	
 



First-order peaks due to the strongest 
backscatter from Bragg waves. 
 
q  Ocean surface currents  
q Wind (short wave) direction 

measured from magnitude difference 
between the two blue peaks.  

Second-order sidebands as a double 
integral of the ocean wave spectra are 
used to extract wave information. 
 
q  Full directional wave spectrum can 

be obtained from inversion of 
Doppler spectra.  

q Wind speed can be derived from short 
wave information, since they are 
driven by local winds. 
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Second-order peak method 
 
q  Top fig : Second order peak 

locations shift closer to the first 
order peaks and increase in 
magnitude during the wave 
growth. 

q  Bottom fig : a closed form 
expression is found to relate the 
second order peak frequency, 
f2p, with the wind speed. 
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Observa>on	:		
As	wind	speed	increases,	the	second-order	peaks	shiK	
towards	the	first-order	peaks.	
	
Goal	:		
Find	a	precise	expression	rela>ng	the	second-order	peak	
frequency	to	wind	speed.	
	
How	:		
Differen>ate	the	second-order	radar	cross	sec>on	with	
respect	to	the	Doppler	frequency	and	so	to	obtain	an	
expression	of	the	second-order	peak	frequency	in	terms	of	
wind	speed.	
	
										

Method	



Second-order	Radar	Cross	Sec>on	
Barrick	model:	
	
	
	
	
	
	
	
Arrangement:	
	
	
Differen>a>on:	
										

Method	



For	fully-developed	seas,	Green	et	al	derived	the	equa>on	:		
	
	
	
	
where	β’,	β,	R,	and	R’	terms	are	func>ons	of	K1,	and	K1	is	a	
func>on	of	the	second-order	peak	Doppler	frequency,	f2p.	
From	this	equa>on,	wind	speed	U	is	calculated.	
	
Challenge	:		
What	if	the	wind	sea	is	not	fully-developed,	e.g.,	the	wind	is	
blowing	over	a	limited	fetch?		

Method	

Exis0ng	method	:	



A	new	general	expression	is	derived	as	
	
	
	
where	W1	represents	the	ocean	wave	spectrum.	
	
For	a	Doppler	spectrum,	the	loca>on	of	the	second-order	peak	
f2p	is	iden>fied	and	used	to	es>mate	the	corresponding	K1	
Although	β’,	β,	R,	and	R’	terms	are	complicated	func>ons	of	K1,	
their	values	are	readily	calculated.	If	the	form	of	the	ocean	
wave	spectrum	W1	is	specified,	W1’/W1	becomes	an	explicit	
func>on	of	wind	speed	U	and	K1.		
	
THEN,	wind	speed	can	be	calculated	from	the	above	equa>on.	

Method	

Extended	method	:	



For	fetch-limited	seas,	Joint	North	Sea	WAve	observa>on	
Project	(JONSWAP)	wave	spectrum	is	chosen	for	W1.		
The	derived	expressions	are	:		
	
	
	
	
	
and		
	
	
where	β’,	β,	R,	and	R’	terms	are	s>ll	func>ons	of	K1,	and	K1	is	
a	func>on	of	the	second-order	peak	Doppler	frequency,	f2p.	
	

Method	

Extended	method	:	



Results	-----	valida>on	by	simulated	Doppler	spectrum	for	fully-
developed	and	fetch-limited	seas		



Results	-----	valida>on	by	field	radar	Doppler	spectrum	for	fully-
developed	and	fetch-limited	seas	and	anemometer	speeds	

Comparison	of	wind	speeds	obtained	by	radar	
anemometer	(RMSE:	1.15	m/s;	Correla>on:	0.93	

Specifica0on	 Value	

Radar	 WERA-Northern	
(13.385	MHz,	8-
element)	

Loca>on	 Placen>a	Bay	,	
Newfoundland	

Date	 Nov.	2012-Dec.	
2013	



Both	fully-developed	and	fetch-limited	seas	are	taken	into	
account.	Anything	else?	
	
Assump>on	made	now	is	:	the	sea	is	wind-driven	mainly.	
What	if	the	sea	is	dominated	by	swell?	
Can	this	method	s>ll	work?	
	
Challenge:	
When	swell	is	present,	its	peak	may	be	similar	to	the	
second-order	peaks	and	so	it	can	be	difficult	to	iden>fy	the	
real	f2p.	

Discussion	



Discussion	

Real	Doppler	spectrum	Simulated	Doppler	spectrum	with	swell	

W1	is	specified	as	a	mixed	wave	spectrum,	with	both	wind-sea	and	swell.	

2nd-order	sidebands	

1st-order	sidebands	



	Discussion----------	wind-swell	mixed	sea		

•  Blue	cross	in	(a)(b)(c)	:	radar	measured	DS	
•  Black	curve	in	(a)	:	simulated	DS	for	fully	developed	sea		
•  Black	curve	in	(b)	:	simulated	DS	for	fetch-limited	sea	
•  Black	curve	in	(c)	:	simulated	DS	for	fetch-limited	sea	and	swell		



q  A	general	expression	that	relates	the	second-order	spectrum	peak	
frequency	to	wind	speed	is	derived	for	arbitrary	wave	models.	

q  For	a	fetch-limited	wind	sea,	the	JONSWAP	model	is	chosen	as	the	
wave	model	and	a	corresponding	wind	retrieval	expression	is	
developed.	

q  The	method	has	been	tested	with	both	simulated	Doppler	spectra	
and	Doppler	spectra	from	field	data.	Both	results	show	an	RMS	error	
of	less	than	1.5	m/s.	

q  For	 swell-mixed	 seas,	 a	 double-peak	wave	model	 is	 chosen,	which	
shows	 a	 good	 agreement	 with	 the	 field	 Doppler	 spectrum.	 In	 this	
case,	 the	 swell	 peaks	 can	 not	 be	 mistaken	 as	 the	 second-order	
peaks.	

Conclusion	
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