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Background	Snow-driven	Extreme	Events	in	U.S.	and	Canada	

Location	of	Bois	de	Sioux	watershed		

Historical	river	discharge	at	Fargo,	ND	(Courtesy	of	Pedro	Restrepo,	
NOAA	NCRFC) 

•  Snow and snowmelt driven extreme events can have large societal and economic 
consequences. Extreme snow can damage infrastructure (e.g. dams) and buildings. 

•  Snow meltwater with rain-on-snow event is a dominant driver of severe spring floods in the 
north-central and -eastern U.S. and southern Canada.  

•  The current and future snowpack and snowmelt extreme design maps are very limited due to 
the lack of reliable long-term snow data. 
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2006	Red	River	Basin,	ND	 2017	Oroville	Dam	Failure,	CA	



Background		Importance	of	snow	water	equivalent	(SWE)	

Location	of	Bois	de	Sioux	watershed		
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10	cm	

Snow	Depth	SWE	

If	snow	density	is	
25%	

Accurate,	spatially	distributed	
SWE	data	are	important	to	
develop	design	extreme	SWE	and	
snowmelt	maps	

Exceeded	design	values	of	snow	loads	on	building	
roof	
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The	“current”	U.S.	government	standard	design	precipitation	maps	
(e.g.	NOAA	Atlas	14)	are	based	on	liquid	precipitation	data	with	very	
limited	guidance	on	snowmelt-driven	floods.		

Motivation	&	Research	Questions		

Q1.	How	different	are	design	extreme	SWE	and	snowmelt	using	the	
current	available	long-term	SWE	datasets	from	the	NOAA	Atlas	14	
design	standard	map?	
	
Q2.	Which	regions	are	vulnerable	to	extreme	snowmelt	events	if	
infrastructures	were	designed	based	on	the	Atlas	14	standard	values?	
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Result	1	25- and 100-year Return Level SWE  
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Result	1	25- and 100-year Snowmelt with precipitation  

Regions	where	the	portion	of	the	precipitation	to	snowmelt	is	high	as	compared	to	other	regions.	
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Result	2	NOAA Atlas 14 maps vs. snowmelt with precip. Maps for New England 



Conclusion	1	
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Q1.	How	different	are	design	extreme	SWE	and	snowmelt	using	the	current	available	
long-term	SWE	datasets	from	the	NOAA	Atlas	14	design	standard	map?	
ü  The	7-day	extreme	snowmelt	values	exceed	the	Atlas	14	standard	

design	values	in	23%	of	the	total	extent.		
	
	
	

Q2.	Which	regions	are	vulnerable	to	extreme	snowmelt	events	if	infrastructures	were	
designed	based	on	the	Atlas	14	standard	values?	
ü  In	the	northeastern	U.S.	near	the	Canadian	border,	the	north	central	

U.S.	where	just	10	cm	of	SWE	can	cause	spring	flooding,	and	the	
western	mountainous	U.S.,	design	snowmelt	substantially	exceeds	the	
Atlas	14	design	values.		
	



ü  Q3. How much will snow-related extreme values (1. Snowpack, 
2. Snowmelt, and 3. Runoff Potential [snowmelt + 
precipitation]) be changed in the mid-century and late-century 
from the current condition? 
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Additional	Question	

However…		
Hydrologists	and	water	resources	engineers	are	still	challenged	to	
plan	and	design	infrastructure	for	the	“future”	SWE	&	snowmelt	
extremes	in	a	changing	climate.		



NA-CORDEX	SWE	data	
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•  Study	period	(30	years	of	each	period)	
					Historical	(1976-2005)	/	Mid-century	(2040	–	2069)	/	Late-century	(2070	–	2099)	

CRCM5	
(UQAM

)	
RegCM4		 WRF		 CanRCM4	

	HadGEM2-ES	 X	 X	

CanESM2		 X	 X	
MPI-ESM-LR		 X	 X	 X	
MPI-ESM-MR		 X	
GFDL-ESM2M		 X	 X	
GEMatm-Can	 X	
GEMatm-MPI	 X	

G
CM

s	

RCMs	

•  9	models	outputs	[RCMs+GCMs],	25	x	25	km	
							-	GCMs	from	CMIP5	(Coupled	Model	Intercomparison	Project,	Phase	5)	

							-	RCP	8.5:	A	scenario	of	comparatively	high	greenhouse	gas	emissions	
1.  CanRCM4-CanESM2	Canadian	Centre	for	Climate	Modelling	and	Analysis	

2.  5th	Canadian	RFC	(CRCM5)-UQAM-CanESM2	-Université	du	Québec	à	Montréal	
3.  CRCM5-UQAM-GEMatm-Can		
4.  CRCM5-UQAM-GEMatm-MPI	
5.  CRCM5-UQAM-MPI-ESM-LR	
6.  CRCM5-UQAM-MPI-ESM-MR	
7.  Weather	Research	and	Forecasting	(WRF)-GFDL-ESM2M		Univ.	Arizona	+	NCAR	
8.  WRF-HadGEM2-ES	
9.  WRF-MPI-ESM-LR	

Full NA-CORDEX Domain 
	•  North	America	COordinated	Regional	

Downscaling	Experiment	(NA-CORDEX)	
regional	climate	model	(RCM)	ensemble.	

•  Multiple	RCMs	are	used	to	dynamically	
downscale	multiple	CMIP5	global	climate	
models	(GCMs).	

•  25km	resolution	SWE	simulations													
(3	RCMs,	7	GCMs,	9	Simulations)	

	§  Study	period	
•  Historical	(1976	–	2005)	
•  Mid-century	(2040	–	2069)*	
•  Late-century	(2070	–	2099)*	
								*Future	runs	follows	RCP8.5	emissions	scenario	

*	RegCM4	models	are	excluded	due	to	unrealistic	wet	estimates	&	numerical	problems	with	
snow.			



Result	3	–	Future Changes in SWE by regional boundaries 
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*US	National	Climate	Report	&	Canada’s	Changing	Climate	Report	



Result	2	–	Future Changes in Snowmelt by regional boundaries 
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Result	2	–	Future Changes in RP by regional boundaries	
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Conclusion	2	
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Q3.	How	much	will	snow-related	extreme	values	be	changed	in	the	mid-century	and	
late-century	across	the	north	America?		
	

1.   Extreme	SWE	values	will	decrease	by	up	to	150	mm	(mid-century)	and	
500	mm	(late-century)	respectively	over	the	US,	but	increase	in	the	
Alaska	and	northern	Canada	

2.  Similarly,	7-d	snowmelt	will	decrease	by	50	and	100	mm	over	U.S.	but	
increase	in	the	Alaska	and	northern	Canada.		
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Thank	you	for	listening,	Questions?	

Jennifer	Jacobs,	Ph.D.	
Jennifer.Jacobs@unh.edu	

Eunsang	Cho,	Ph.D.	
Twitter:	@Jacobs_UNH	and	@Eunsang_UNH	

Web:	https://echo-hydro.github.io	
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Cho, E., J.M. Jacobs, C. Vuyovich (2020) The value of long-term (40 years) airborne gamma radiation 
SWE record for evaluating three observation-based gridded SWE datasets by seasonal snow and land 
cover classifications, Water Resources Research, featured in AGU EOS Research Spotlight! 
Also awarded as 2020 AGU WRR Editor’s Choice Award yesterday!  
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