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Mo7va7on:		

Ø  700	mb	winds	have	decreased	(or	increased)	between	1950	and	2012	

Ø  Does	this	translate	into	a	reduc+on	in	orographic	enhancement	of	precipita+on?	
	Ø  We	don’t	know	because	of	the	sparse	network	of	alpine	observa+ons	
	

Michael	DeQnger,	2014.	Impacts	in	the	third	dimension.	Nature	Geoscience		
	



Mo7va7on:		

“The	distribu+on	of	ground-based	sta+ons	is	highly	biased	
toward	lower	eleva+ons,	providing	inadequate	representa+on	
of	mountain	geography	resul+ng	in	increased	model	error”	
	
-  Filling	the	Data	Gaps	in	Mountain	Climate	Observatories	
						Strachan	et	al.	2016	
	



Mo7va7on:		

Royal	Basin	in	Olympic	Na+onal	Park	



Mo7va7on:		
Mountains	as	Water	Towers		

In	the	Western	US,	mountain	catchments	contribute	up	to	75%	of	
surface	and	groundwater	supplies	

IPCC	2007	 Photo	Credit:	Remko	Tanis	



Mo7va7on:		
Avalanche	Forecas+ng	

Photo	Credit:	unofficialnetworks.com	



Mo7va7on:		
Avalanche	Forecas+ng	



The	Problem:		
Mountains	are	Remote	

Challenges:	Instrument	deployment,	maintenance,	power,	data	transfer	



Rasmussen	et	al.	2012.	How	well	are	we	measuring	snow?	

The	Problem:		

Wind	Induced	Errors	



Poten7al	Solu7on:		

Ver+cally	Pointed	Radar	

•  24	GHz	(1.25	cm)	Doppler	Radar	
•  Accumula+on	
•  Intensity	
•  Par+cle	Counts	
•  Drop	Size	Distribu+on	
•  Precipita+on	Type	

Lug	WS100	
	

•  Poten+al	to	dis+nguish	blowing	from	falling	snow	

•  Wind	errors	associated	with	par+cle	size	es+ma+on	
•  Doppler	derived	fall	speeds	
•  Correct	with	turbulence	(3-D	wind)	data?		

	•  Lug	WS100	
•  Low	power	(~	10	Wajs)	
•  Integrated	heater	
•  Physically	robust	
•  Rela+vely	low	cost	(~	$1200)	

	



Poten7al	Solu7on:		

Ver+cally	Pointed	Radar	

•  METEK	Micro	Rain	Radar	
•  Antenna	hea+ng	
•  30	Range	Gates	
•  Raw	reflec+vity	and	doppler	spectrum	

•  Higher	Power	(~25	Wajs)	
•  High	Cost	(~$20,000)	
•  Not	suitable	for	high	wind	environments	

	

	

METEK	Micro	Rain	Radar	
	



LuL	WS100:		
Tes+ng	and	Calibra+on	at	Boulder	Skywatch	Observatory	

Instrumenta+on:	
•  ETI	Rain	Gauge	
•  Parsivel	Disdrometer	
•  Micro	Rain	Radar	
•  Vaisala	Ceilometer	
•  Wind	Cube	Lidar	

hjp://skywatch.colorado.edu	



LuL	WS100:		

Opera+onal	at	MWO	from	December	31,	2018	to	January	8,	2019	

Tes+ng	and	Calibra+on	at	Mount	Washington	Observatory	









Average	wind	speed	=	72	mph	



What	is	the	truth?		



Rime	Ice	



Rime	Ice	



Rime	Ice	



Next	Steps	

Ø  Develop	calibra+on	from	Skywatch	tes+ng	

Ø  Determine	the	influence	of	wind	
Ø Obtain	raw	reflec+vity	and	doppler	data	from	WS100		
Ø  Correct	doppler	derived	fall	veloci+es	

Ø  Compare	MWO	data	with	regional	radar	

Ø  Install	and	test	on	Niwot	Ridge,	CO	

Is	the	Lug	WS100	or	similar	radar	instrumenta+on	suitable	for	a	
network	of	alpine	observa+ons?	



Funding	


