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•  Dual	Polariza+on	Radar	(DPR)	on	GPM	provides	3-D	
precipita+on	measurements	

•  What	is	the	unique	precipita+on	structure	in	complex	
terrain?	

•  Need	for	Ground	valida+on	

Measuring	Precipita+on	from	Space	

GPM	 NPOL	DPR	 D3R	



OLYMPEX	–	GV	Nov	2015-	Jan	2016	
		
•  Took	place	on	Olympic	Peninsula	
•  Full	compliment	of	radars,	aircraL,	

ground	network		
•  Physical	valida+on	of	precipita+on	

algorithms	for	the	GPM	satellites	
•  Document	precipita+on	processes	

in	winter	midla+tude	cyclones	
over	complex	terrain	



NPOL	S-band	

Ocean	Sector	
Land	Sector	

•  Use	RHIs	of	radar	
reflec+vity		

•  3-D	precipita+on	
structure	differences	
between	ocean	and	
terrain	

•  How	do	ocean/land	
differences	vary	
with	environmental	
condi+ons	

NPOL	Analysis	



Orographic	Enhancement	AloL	from	NPOL	
Ocean	 Land	–	Windward	Slopes	

Reflec1vity	(dBZ)	 Reflec1vity	(dBZ)	

Contoured	Frequency	by	Al1tude	Diagrams	(CFADs)	
Frequencies	normalized	by	level	for	all	NPOL	RHI	data	over	ocean	and	land	above	2	km	height	



Orographic	Enhancement	AloL	from	Radar	
Land	–	Ocean	Difference	CFAD	

Greater	frequency	of	higher	
reflec+vi+es	at	all	levels	over	
windward	slopes.	Maximum	at	
4-5	km	range	for	all	condi+ons		

ShiL	to	higher	reflec+vity	
near	mel+ng	level	(2-3	km	
during	warm	events)	



~Post	frontal	

~Warm	sector	

~Pre-frontal	
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Made	CFADS	from	Ku-band	of	DPR	over	Land	and	
Ocean	using	data	from	NDJFM	2014-2018	



Ocean	 Land	



NPOL	Land-Ocean	 GPM	Ku							Land-Ocean	

Normalized	by	level	



Ocean	 Land	

Normalized	by	Maximum	Bin	



GPM	Ku							Land-Ocean	

Normalized	by	level	

GPM	Ku							Land-Ocean	

Normalized	by	Maximum	Bin	
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Vancouver	Island	

Olympic	Peninsula	

Northern	Oregon	

Southern	Oregon	

Northern	California	

North	Bay	Area	

Monterey	

Difference	CFADS	
normalized	by	max	
value	(to	remove	
bins	with	low	
counts)	



Vancouver	Is.	
Range	2000-4000’	

North	Bay	Area	
Range	2500-4600’	

Northern	Calif.	
Range	2500-7500’	

Southern	Oregon	
Range	2000-4000’	

Northern	Oregon	
Range	1000-2200’	

Monterey	
Range	2500-3500’	



Terrain-Enhanced	Precipita1on	Processes	above	the	
Mel1ng	Layer	

•  Enhancement	of	the	precipita+ng	cloud	system	occurs	aloL	
over	complex	terrain	seen	by	NPOL		

•  Enhancement	on	windward	slopes	greatest	during	warm,	
strongly	forced	events	

•  DPR	documents	same	enhancement	pagern	as	NPOL	over	
coastal	mountain	ranges	
•  ShiL	to	higher	reflec+vity	at	all	levels	over	terrain	
•  Hint	of	secondary	enhancement	seen	over	all	loca+ons,	esp.	Monterey	

region	where	terrain	rise	is	closer	to	the	coast	compared	to	other	loca+ons	
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