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OLYMPEX	-	Goals	
•  Physical	valida)on	and	verifica)on	of	

precipita)on	measurements	by	the	
GPM	satellite	

•  Measure	precipita)on	processes	and	
their	modula)on	by	synop)c	condi)ons	
and	complex	terrain	

Field	Campaign	Overview	
•  OLYMPEX	regions	included	ocean,	windward	

and	leeward	side	of	the	Olympic	Mountains	
and	the	Quinault	and	Chehalis	river	basins	

•  Radars:	S-Band	(NPOL)	and	Ka-	Ku-Band	(D3R)	X-
band	(DOW,	EC-Xband)	

•  Ground	Network:	Parsivels,	dual-)pping	
buckets,	Pluvios,	MRRs,	Soundings	

•  AircraC:	DC-8	,	ER-2	with	satellite	simula)ng	
instruments,	Cita)on	with	microphysics		

•  Snow	Measurement:	SNOTEL	and	snow	
cameras,	2	lidar	flights,	PIP	disdrometer	at	
Hurricane	Ridge.	
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Storm	Sectors	
Prefrontal	
•  Warm	advec)on	
•  Stable	
•  Low-level	SE	flow	
•  IVT	variable	(can	be	

high)	
•  Increasing	mel)ng	

level	height	

Warm	Sector	
•  No	advec)on	
•  Neutral	stablity	
•  Low-level	SW	flow	
•  IVT	High	
•  High	mel)ng	level	height	

Cold	Sector	
•  Cold	advec)on	
•  Unstable	
•  Low-level	W	or	NW	flow	
•  IVT	Low	
•  Low	mel)ng	level	height	

Frontal	
•  Cold	front	passage	
•  Can	have	embedded	convec)on	along	the	front	(NCFR)	
•  Abrupt	changes	in	environmental	condi)ons	

12—13	November	2015	Atmospheric	River	Event	
Ground	Network	–	Disdrometer	and	Gauge	Results	

•  Precipita)on	totals	demonstrate	extreme	
orographic	enhancement		

•  Almost	4	)mes	the	precipita)on	on	
windward	slopes	compared	to	coast	

•  Windward	slopes	more	precip	than	high	
terrain	site	

•  Prefrontal	period	with	low	level	veering	
winds,	deep	clouds	

Event	Precipita)on	Totals	

Time	Height	cross	sec)on	of	humidity,	winds	and	theta	

NPOL-DOW	RHIs	of	reflec)vity	and	velocity	
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•  During	prefrontal	period	all	
sta)ons	experience	similar	rain	
rates	and	there	is	weak	down	
valley	flow	(green	arrow)	

•  As	warm	front	approaches	big	
ramp	up	of	precipita)on	rates	
especially	Prairie	Creek	

•  Increase	of	precipita)on	at	
Prairie	Creek	due	to	small	drops	

•  Small	drops	contribute	to	~1/2	
of	total	rain	rate	in	warm	sector	
due	to	liging	of	low	level	jet	

•  Secondary	enhancement	alog	
during	middle	RHI	period	with	
large	drops	due	to	mesoscale	
feature	alog	(red	arrow)	

•  Warm	rain	processes	important	

Microphysical	ObservaRons	from	AircraC	during	Spirals	over	the	DOW	

Reflec)vity	PPI	scan		
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(ß	leC)	Prefrontal		
•  Secondary	enhancement	alog	in	

reflec)vity	and	ZDR	
•  Increase	in	number	

concentra)on	and	ice	water	
content	in	region	of	upper-level	
reflec)vity	enhancement	(green	
box)		

•  Low	liquid	water	content	
•  Bullet	rosenes,	some	

aggrega)on,	dendrites	

Number	
Concentra)on	

Ice	water	
content	

Warm	Sector	(right	à)	
•  Genera)ng	cells	in	DOW	RHIs	
•  Moderate	number	concentra)on	and	

ice	water	content	at	Cita)on	al)tude	
(red	box)	

•  High	liquid	water	content	at	al)tudes	
well	above	the	mel)ng	level	

•  Lots	of	super-cooled	water	drops	and	
rimed	par)cles	
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Surface	PrecipitaRon	CharacterisRcs	–	DSDs	
StraRform	PrecipitaRon	

Four	DSD	regimes	from	Parsivel	observa)ons	
•  Most	frequently	occurring:	Moderate	Nw	and	Do	
•  High	concentra)ons	of	small	drops,	high	Nw	and	small	Do	
•  Low	concentra)ons	of	big	drops,	low	Nw	and	large	Do	
•  Heaviest	rain:	High	Nw	and	large	Do	
•  Fishery	exhibits	less	variability	in	DSD	than	Prairie	Creek	

Overall	DSDs	at	Prairie	Creek	(leg)	
•  The	high	concentra)ons	of	small	

drops	has	a	much	different	
distribu)ons	than	the	others	

•  Heavy	rain	regime	exhibits	more	
drops	of	all	sizes	

DSD	variability	with	environmental	condi)ons	
•  The	most	frequently	occurring	regime	has	average	mel)ng	

level,	average	IVT,	moderate	low-level	winds,	generally	from	
SW	and	mostly	stable	condi)ons	

•  The	high	concentra)ons	of	small	drops	regime	has	high	
mel)ng	level,	moderate	to	low	IVT,	weak	low-level	winds	
from	various	direc)ons.	

•  The	low	concentra)ons	of	big	drops	regime	has	low	mel)ng	
level,	low	IVT,	winds	with	variety	of	strengths	from	generally	
westerly	direc)on	and	unstable	condi)ons	

•  The	heavy	rain	regime	has	high	mel)ng	level,	high	IVT,	
strong	low-level	winds	from	the	SW	and	near-neutral	
stability	

Rain	PSDs	by	Storm	Sector	and	Case	

Example	APR-3	Ku-band	Transects	
Prefrontal	

Warm	Sector	

Posprontal	

Surface	DSDs	during	APR-3	Flights	
Three	Prefrontal	Flights:	
•  01	Dec,	05	Dec,	12	Dec	
Three	Warm	Sector	
Flights:	
•  13	Nov,	03	Dec,	08	Dec	
Three	Posprontal	Flights:	
•  04	Dec,	10	Dec,	13	Dec	
	
Par)cle	Size	Distribu)ons	
(PSDs)	during	flights	
from	three	sites:	
•  Fishery	(near-coastal)	
•  Prairie	Creek	(windward)	
•  Hurricane	Ridge	
						(high	terrain)	

Avg.	height	of	10	dBZ	echo	top	 Coverage	of	10	dBZ	echo	
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Histograms	of	1-min	rain	parameters	(drop	size	and	concentra)on)	
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Median	Volume	Diameter	(Do)	 Normalized	Intercept	(Nw)	
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Flight	Tracks	 Data	descrip)on:	 Sta)s)cal	APR-3	Maps	(by	storm	sector)	

Prefrontal		
•  PSDs	are	narrow	and	uniform	

on	the	windward	side,	
sugges)ng	broad	stra)form	
precip.		

•  The	high	terrain	is	more	
variable	but	with	large	
numbers	of	small	par)cles	
advected	downwind	from	the	
deeper	echoes	on	the	
windward	side.	

	

Warm	sectors		
•  PSDs	different	at	all	three	

loca)ons.		
•  Variability	is	high	at	the	

coast/windward	sites	due	to	
sensi)vity	to	low-level	wind	
direc)on.		

•  High	terrain	less	sensi)ve	to	
wind	direc)on		

•  Nw	was	consistently	high	on	
13	Nov	at	all	three	sites.		

	

Posprontal	
•  PSDs	are	the	most	variable		
•  The	precipita)on	is	more	

widespread	and	stra)form-
like	over	high	terrain	

•  Heavier	precipita)on	
containing	large	par)cles	
(likely	aggregates).					

Hurricane	Ridge	Snow	PSDs	
	(Prefrontal	&	Posprontal)	

Results:	

Low	
variability	

Broad	distribu)ons	

High	Nw	on	13	Nov	
translates	to	high	terrain		

High	
variability	

All	3	cases	
are	similar	

High	Nw	on	13	Nov	

Larger	par)cles	in	
posprontal	cases	

Ver)cal	dashed	lines	correspond	to	the	)mes	of	the	3	RHIs	
to	the	right	à	


