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Susquehanna	River	-	Harrisburg,	PA	January	22,	1996	



Red	River	-	Grand	Forks,	ND	March	21	–	April	1,	2009	



Research	Ques@ons:	
	

It’s	All	About	Snowmelt	Flooding!	
	
•  QuanHfy	the	global-scale	forcings	associated	with	

significant	snow	cover	ablaHon	events,	with	parHcular	
aMenHon	to	the	role	of	major	atmospheric	
teleconnecHons	and	oceanic	and	land-surface	
condiHons.		

•  Ascertain	the	“pathways”	from	global-scale	forcings	
to	ablaHon	within	a	basin,	with	special	emphasis	on	
the	role	of	synopHc-scale	weather	paMerns.	
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Some	things	to	discuss…	
	
•  the	basins	

•  data	and	methods	

•  2.54+	cm	ablaHon	events;	synopHc	paMerns	

•  ablaHon	case	studies	

•  connecHons	to	global	forcings	

•  long-term	trends	



AblaHon	Defined	
	

All	processes	that	remove	snow	including	mel@ng,	
sublima@on,	wind	erosion,	and	avalanche…	
	
We	use	snow	depth	change	as	a	surrogate	for	ablaHon.		
Snow	depth	changes	are	extensively	quality	controlled	
using	temperature	and	snowfall	data	to	make	sure	they	
are	associated	with	melHng.		Suspicious	snow	depth	
changes	are	flagged	and	excluded	from	analysis.	
	
We	assume	that	sublimaHon	and	wind	erosion	are	small	in	
comparison	to	melt	on	a	daily	basis.	



The	Basins	



Basin	Area	–	111,004	km2	
	

Length	–	550	miles	
	

Mean	Discharge	–	8617	cfs	
	
	
2.54	cm	abla9on	gives:	

7.4	X	1010	gallons	
	

Nearly	13	9mes	the	mean	
daily	flow.	

	

Red	River	of	the	North	

Drayton,	ND	



Susquehanna	River	

Basin	Area	–	71,	224	km2	
	

Length	–	464	miles	
	

Mean	Discharge	–	40080	cfs	
	
	

2.54	cm	abla9on	gives:	
4.75	X	1010	gallons	

	
Nearly	twice	the	mean	daily	

flow.	
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Data	and	Methods	



Snow	Depth	Data	
1o	X	1o		gridded	daily	snow	depth	data	
set	developed	at	the	University	of	
Georgia.		Archived	at	Rutgers	
University	

U9lizes	U.S.	COOP	and	Canadian	daily	
surface	observa9ons		

Extensive	quality	control	rou9nes	

Gridded	snow	cover	data	used	to	
iden9fy	basin-wide	abla9on	
episodes.		
Dyer	and	Mote,	2006,	Geophysical	Res.	
LeMers	

Kluver	et	al.,	2016,	J.	of	Atmos.	And	
Oceanic	Tech.	



Temporal	Synop9c	Index	(TSI)	

Daily	SynopHc	Weather	Data	
1946	–	2016	

Minneapolis	and	Philadelphia	
	

	4X	Daily	Temperature,	Dew	Point	Temperature,		
Cloud	Cover,	Vector	Wind	Speed,		

Atmospheric	Pressure	

Temporal	SynopHc	Indexing	
Principle	Component	Analysis	with	

Cluster	Analysis	

Data	

Sta9s9cal	
Treatment	

Result	
Kalkstein	and	Corrigan,	
Annals	of	AAG,	1986	

Daily	SynopHc	Type	Calendar	
Each	Day	is	Classified	as	a	
Specific	SynopHc	Type	
~	15	Types	Per	Season	



Atmospheric	Teleconnec9ons	
	

ArcHc	OscillaHon	(AO)	
North	AtlanHc	OscillaHon	(NAO)	

East	AtlanHc	(EA)	
East	AtlanHc/Western	Russia	(EA-WR)	

Scandinavia	(SCAND)	
Polar/Eurasia	(POL)	
West	Pacific	(WP)	

East	Pacific-North	Pacific	(EP-NP)	
Pacific/North	American	(PNA)	

Tropical/Northern	Hemisphere	(TNH)	

Global-Scale	Forcings	Inves9gated	

Land-Surface	Condi9ons	
	

Northern	Hemisphere	Snow	Cover	Extent	
Eurasia	Snow	Cover	Extent	

North	American	Snow	Cover	Extent	
	

Ocean	Condi9ons	
	

Nino	3.4	Region	SSTs	
Oceanic	Nino	Index	

Pacific	Decadal	OscillaHon	
AtlanHc	MulH-Decadal	OscillaHon	

	

Atmospheric	TeleconnecHons	–	NOAA	Climate	PredicHon	Center	
Ocean	CondiHons	-	NOAA	Climate	PredicHon	Center	
Land-Surface	CondiHons	–	Rutgers	Global	Snow	Lab	



What	we	could	do…	

March	-	Red	River	
	

	2.54+	cm	AblaHon	Frequency	
	

East	AtlanHc 	 	-0.321	
PNA	 	 	 	 	-0.285	
Polar	–	Eurasia	 	-0.284	
PDO 	 	 	 	-0.311	

	

Why	the	nega@ve	correla@on	with	the	PNA?	
	

What	are	the	physical	processes	that	are	associated	with	this	correla@on?	



We	want	to	know	the	pathways	by	
which	global-scale	forcings	manifest	

themselves	in	ablaHon	events!	
	

Global-Scale	Forcing	
	

SynopHc-Scale	PaMerns	
	

Surface	Energy	Fluxes	



2.54+	cm	Abla@on	Events	
	
	

Red	River	Basin	and	Susquehanna	River	Basin	
	

SynopHc	PaMerns		
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Monthly	2.54+	cm	AblaHon	Frequency	
Red	bars	–	Red	River,	Blue	bars	–	Susquehanna	River	

More	ephemeral	snow	cover	in	the	Susquehanna	expressed	by	more	ablaHon	episodes.	



50,000,000,000	gallons	of	water!!	
Assuming	10:1	Snow	to	Water	RaHo	

1	inch	ablaHon	



January	(21)	 1032	(6)	 1035	(6)	 1033	(6)	

February	(36)	 1033	(16)	 1032	(7)	 1031	(4)	 1034	(3)	

March	(118)	 2031	(27)	 2036	(26)	 2003	(17)	 2005	(9)	

Red	River	Synop9c	Paeerns	
2.54+	cm	ablaHon	events	(175)	1960	-	2009	

7.4	X	1010	gallons	



Red	River	January	
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Red	River	February	
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Same	synopHc	types	as	January…	



Red	River	March	
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Susquehanna	River	Synop9c	Paeerns	
2.54+	cm	ablaHon	events	(373)	1960	-	2009	

4.75	X	1010	gallons	
	

January	(93)	 1035	(19)	 1031	(16)	 1034	(12)	 1005	(11)	

February	(134)	 1035	(24)	 1031	(19)	 1034	(17)	 1016	(15)	

March	(146)	 2036	(26)	 2031	(21)	 2034	(16)	 2035	(16)	



Susquehanna	River	January	
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Susquehanna	River	February	

Same	as	January	in	addiHon	too...	
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Susquehanna	River	March	
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Two	Brief	Case	Studies	



Red	River	example,	March	6	–	April	1,	1966.		Snow	depth	(blue),	
discharge	(green),	and	ablaHon	synopHc	type	days	(orange	
squares).		
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March	10,	1966	–	ablaHon	8.63	cm	

L H 

Strong	southerly	flow	over	the	basin.		Temps	and	dew	points	significantly	above	freezing,	
along	with	moderate	winds.		Large	sensible	and	latent	heat	fluxes	into	the	snow	pack.	



Susquehanna	River	example,	January	13	–	30,	1996.		Snow	depth	
(blue),	discharge	(green),	and	ablaHon	synopHc	type	days	(orange	
squares).		
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January	18,	1996	–	ablaHon	23.72	cm	
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Strong	southerly	flow	over	the	basin.		Temps	and	dew	points	far	above	freezing	and	high	
wind	speeds.		Extreme	sensible	and	latent	heat	fluxes	into	the	snow	pack.		Heavy	rainfall	
adds	more	energy	and	water	to	the	melHng	pack.	



The	largest	ablaHon	events	in	both	basins	are	associated	
with	very	large	turbulent	fluxes,	both	sensible	and	latent	
heat	fluxes.		In	some	cases,	rain-on-snow	events	add	
addiHonal	energy	to	the	pack	from	the	warm	rainfall.	
	
Dew	point	temperatures	above	freezing	are	very	
important	to	rapid	ablaHon.	CondensaHon	takes	place	on	
the	pack	releasing	large	amounts	of	latent	heat!	



SynopHc	Type	Frequencies	and	
Global	Forcings	



Red	River	-	Pearson	CorrelaHon	Coefficients	
2.54+	SynopHc	Type	Frequencies	and	Global	Forcings	



Susquehanna	-	Pearson	CorrelaHon	Coefficients	
2.54+	SynopHc	Type	Frequencies	and	Global	Forcings	



Susquehanna	-	March	
CorrelaHon	of	-0.573	between	Type	1031	and	NAO	

L 

East	coast	trough	and	added	baroclinicity	leads	to	more	cyclogenesis	and	more	frequent	
ablaHon	episodes.	



Strong negative  
NAO / AO 

Changes in the 
frequency of ablation 
patterns over Mid-
Atlantic 

Increased snow depth, 
increased probability of 
significant ablation 
events. 

Increased probability 
of large flooding 
events. 
 



Long-Term	Trends	
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R	=	0.57	

Red	River	Basin	
Seasonal	(Nov.	–	April)	2.54	cm	snow	depth	(red)	and	2.54	cm	ablaHon	(green)	

	
January	2.54	cm	abla@on	events	are	significantly	increasing	
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Year	

R	=	0.70	

Susquehanna	River	Basin	
Seasonal	(Nov.	–	April)	2.54	cm	snow	depth	(blue)	and	2.54	cm	ablaHon	(green)	

	
February	2.54	cm	abla@on	events	are	significantly	decreasing	

	



Summary…	
	
•  disHnct	synopHc	types	are	associated	with	the	largest	

(2.54	cm)	ablaHon	events	in	both	the	Red	and	
Susquehanna	River	basins	

•  these	synopHc	types	are	in	many	cases	significantly	
related	to	global-scale	forcing	mechanisms	
(teleconnecHons	and	land	and	ocean	surface	
condiHons)	

•  a	“pathway”	can	be	traced	from	global	forcings,	
through	synopHc	paMerns,	to	local	surface	energy	
fluxes	(latent	and	sensible	heat)	to	explain	ablaHon	
episodes	



Questions or Comments? 



Red	River	SynopHc	Types	



Susquehanna	River	SynopHc	Types	


