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MoUvaUon	

CFSv2	(Climate	Forecast	System	Version	2)	operaUonal	forecast	
	

Q:	modified	model	physics	improve	seasonal	forecasts	of	T2m?	

Insufficient	cloud	cover	à	excessive	downward	SW	à	significantly	high	T2m		

																																																																																																																																																				over	the	Chukchi/Bering	Sea	

Wang	et	al.	2016	

•  Marine	stratus	cloud	scheme	is	turned	off	
•  An	arUficial	upper	limit	is	set	to	constraint	the	bo8om	heat	flux	

from	ocean	water	to	sea	ice	

on	



Goal	

Understand	the	impacts	of	model	physics	and	iniUal	sea	
ice	thickness	on	seasonal	forecasts	of	surface	energy	
budget	and	air	temperature	in	summer	(July	–	
September).	



Experiment	
Model	
experiment	

Physics	
modificaFon	

IniFal	sea	ice	
thickness	

Run	period*	 #	of	runs	per	
month	

CFSv2-ctrl	 ✗ 	 CFSR	 2009--2013	 5	X	5	

CFSv2-piomas	 ✗	 PIOMAS	 2009--2013	 5	X	5	
	

CFSv2-phys	 ✓	
	

CFSR	 2009--2013	 5	X	5	
	

CFSv2-phys-
piomas	

✓	
	

PIOMAS	 2009--2013	 5	X	5	
	

CFSR:	Climate	Forecast	System	Reanalysis	
PIOMAS:	Pan-ArcUc	Ice	Ocean	Modelling	AssimilaUon	System	(Zhang	and	Rothrock,	2003)	
*For	each	year,	five	ensemble	runs	were	iniUalized	at	March	8-12	00UTC	and	run	for		
		9-month	forecasts	to	December	



IniUal	sea	ice	thickness	from	PIOMAS	vs	CFSR	

v  CFSR	has	thicker	sea	ice	over	the	central	ArcUc	(~0.85	meter	thicker	on	
average)	but	thinner	sea	ice	near	the	ice	edge.	

CFSR	-	PIOMAS,	March	

Yang	et	al.	2017,	MWR	



Simulated	total	cloud	cover	
Average	over	60°N	–	82.5°N,	ocean	only	
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v  Aner	enabling	the	marine	stratus	cloud	scheme,	the	simulated	total	
cloud	cover	well	captures	the	observed	seasonal	cycle	except	for	the	
summer	dip.	

Yang	et	al.	2017,	MWR	



Simulated	total	cloud	cover	-	CALIPSO	

Control	

Turning	on	
Stratus	
cloud	
scheme	

v  Aner	enabling	the	stratus	cloud	scheme,	the	simulated	total	cloud	cover	
is	largely	improved.	The	posiUve	bias	found	in	June	and	July	is	mainly	
located	over	the	Beaufort	Sea.	

Yang	et	al.	2017,	MWR	



Surface	energy	budget:	CFSv2-phys	minus	CFSv2-ctrl	

Green	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-phys	
Magenta	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-ctrl	
	

Yang	et	al.	2017,	MWR	



Surface	energy	budget:	CFSv2-piomas	minus	CFSv2-ctrl	

Green	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-piomas	
Magenta	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-ctrl	
	

Surface	energy	budget:	CFSv2-piomas	minus	CFSv2-ctrl	

Yang	et	al.	2017,	MWR	



Surface	energy	budget:	CFSv2-phys-piomas	minus	CFSv2-ctrl	

Green	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-phys-piomas	
Magenta	contour:	September	15%	sea	ice	cover	boundary	from	CFSv2-ctrl	
	

Yang	et	al.	2017,	MWR	



Impact	on	T2m	

PIOMAS	-	Control	Model	physics	-	Control	 Model	physics	&	PIOMAS	-	Control	

Green	contour:	September	15%	sea	ice	cover	boundary	from	the	corresponding	simulaUon	
Magenta	contour:	September	15%	sea	ice	cover	boundary	from	the	control	simulaUon	
	



Predicted	T2m	minus	ERA-Interim	

Control	

Model	physics	

IniUal	sea	ice		
thickness	

Model	physics	
										+	
IniUal	sea	ice		
thickness	

Green:	HadISST	15%	
sea	ice	cover	
Magenta:	CFS	
15%	sea	ice	cover	



Summary	

•  Aner	enabling	the	marine	stratus	cloud	scheme,	the	
simulated	total	cloud	cover	resembles	the	observed	
seasonal	cycle	well	except	for	the	mid-summer	
reducUon.	

•  Over	the	Chukchi/Bering	Sea,	the	model	physics	
modificaUon	reduces	the	forecast	bias	in	surface	air	
temperature	from	>3°C	down	to	0.5°C	.	

•  The	iniUal	sea	ice	thickness	alone	has	li8le	effect	in	
improving	the	surface	air	temperature	over	the	
Chukchi/Bering	Sea.		
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