
In	addi'on	to	rota'onal	shear,	the	same	governing	LLSD	equa'ons	can	be	solved	for	the	along-azimuth	shear	component,	which	(when	applied	to	
radial	velocity	data)	yields	a	2D	LLSD	divergence	(posi've)	and	convergence	(nega've)	field.	Below	are	examples	of	applica'ons	for	this	data.	
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The	LLSD	Approach	

Summary	and	Future	Work	

Applica;ons	of	Radar-Derived	Shear	Products	Using	an	
Updated	Linear	Least-Squares	Deriva;ve	Technique	

The	Linear	Least-Squares	Deriva;ve	(LLSD)	method	is	an	approach	to	
calcula'ng	gradients	across	2D	radar	data.	Mathema'cally,	an	LLSD	gradient	is	
the	slope	of	the	least-squares	plane	fit	to	a	neighborhood	of	data	points.		
	
	
	
	
	
	
	
	
	

These	equa'ons	have	recently	been	refined,	replacing	previous,	simplified	
versions.	While	(at	the	'me	of	this	work)	it	is	applied	opera'onally	only	to	the	
development	of	azimuthal	(rota'onal)	shear	(AzShear)	products,	the	rela've	
accuracy	and	flexibility	of	the	method	allows	it	to	be	applied	in	a	wide	variety	of	
radar	data,	as	outlined	here.	
	

	
The	across-azimuth	component	of	LLSD	radial	velocity	shear	produces	rota'onal	
wind	shear.	This	yields	the	widely-used	2D	AzShear	product,	which	itself	can	be	
accumulated	over	mul'ple	radar	scans	to	track	rota'on	features	over	'me.	

Along-Azimuth	Velocity	Shear	

Across-Azimuth	Velocity	Shear	

Reflec;vity	Gradients	
LLSD	shear	can	also	be	calculated	for	non-velocity	radar	products.	For	
example,	individual	storms	can	be	“stenciled”	using	2D	LLSD	reflec;vity	
gradients.	This	product	highlights	sharp	changes	in	reflec'vity,	such	as	
tornado	“debris	ball”	reflec'vity	maxima.	

	
	
	

Fig.	2.	0.5°	dealiased	Doppler	velocity	(top)	and	
0.5°	Divergent	Shear	depic:on	of	a	southward-
moving	gust	front	on	18	Jun	2010	in	Central	
Illinois.	The	gust	front	appears	as	strong	
convergence	(blue).	

Fig.	3.	0.5°	Reflec:vity	(top)	and	0.5°	
Divergent	Shear	(with	25	dBZ	reflec:vity	
contour	in	black)	depic:on	of	a	tornadic	
supercell	on	30	Mar	2016	near	Tulsa,	OK.		

Fig.	4.	Clockwise	from	top-leS:	0.5°	dealiased	Doppler	velocity,	0.5°	Reflec:vity,	10.0°	
Divergent	Shear,	and	0.5°	Divergent	Shear	depic:on	of	a	damaging	downburst	and	
ouUlow	boundary	on	24	Aug	2011	near	Tampa,	FL.	The	downburst	is	collocated	with	
strong	divergence	(red)	near	the	ground	and	convergence	(blue)	aloS.	
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Eq.	1.	System	of	LLSD	governing	equa:ons	in	matrix	form,	where	r	is	the	range,	s	is	the	radial,	i	
and	j	are	the	coordinates	of	each	gate,	and	u	is	the	measurement	at	a	gate.	Each	summa:on	is	
taken	over	each	gate	in	the	neighborhood,	from	m=1	to	m=n.	This	system	may	be	solved	for	
both	across-azimuth	(us)	and	along-azimuth	(ur)	components	of	shear.	

Fig.	1.	Clockwise	from	top-leS:	0.5°	dealiased	
Doppler	velocity,	0.5°	Reflec:vity,	and	0-3	km	AGL	
layer-maximum	AzShear	depic:on	of	a	tornadic	
supercell	on	30	Mar	2016	near	Tulsa,	OK.	The	low-
level	mesocyclone	is	highlighted	as	a	maximum	in	
AzShear	(white).	

The	examples	shown	here	are	a	first	look	at	applica'ons	of	the	LLSD	
governing	equa'ons	beyond	tradi'onal	rota'onal	shear	products.	

Limita;ons.	The	accuracy	of	the	algorithms	used	to	calculate	LLSD	
gradients	is	subject	to	the	quality	of	input	radar	data.	The	effects	on	
along-azimuth	gradient	calcula'ons	from	noisy	and/or	bad	velocity	data	
as	well	as	range	from	the	radar	have	yet	to	be	examined	in	detail.	

Future	Work.	Valida'on	of	these	products	is	currently	in	the	early	
stages;	a	quan'ta've	analysis	of	their	performance,	including	op'mal	
neighborhood	size	for	divergence	calcula'ons,	will	follow.	LLSD-derived	
gradient	fields	shown	here	are	being	designed	for	wider	use	in	future	
applica'ons,	including	detec'on,	tracking,	and	trending	algorithms.	In	
addi'on,	exploratory	LLSD	use	will	be	expanded	to	include	the	
calcula'on	of	gradients	in	dual-polarimetric	fields.	This	poster	was	prepared	by	Ma`hew	Mahalik	with	funding	provided	by	NOAA/Office	of	Oceanic	and	Atmospheric	Research	under	NOAA-University	of	Oklahoma	Coopera:ve	

Agreement	#NA11OAR4320072,	U.S.	Department	of	Commerce.	The	statements,	findings,	conclusions,	and	recommenda:ons	are	those	of	the	author(s)	and	do	not	necessarily	reflect	
the	views	of	NOAA	or	the	U.S.	Department	of	Commerce.	

Fig.	5.	0.5°	Reflec:vity	(leS)	and	0.5°	LLSD	reflec:vity	gradient	(stencil)	depic:on	of	a	tornadic	
supercell	on	20	May	2013	near	Moore,	OK.		
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