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Convec/on-permi3ng	WRF	regional	climate	
simula/ons	over	Canada	
GWF	Pillar	3	Climate-Related	Precipita/on	Extremes	



2 2 

WRF	Model	Setup	and	Design	
§  WRF	Model	(Version	3.4.1)	
§  A	single	domain:	2560	x	2800	km2;		
											4	km	grid	spacing;	37	levels		
§  Microphysics	Scheme:	New	

Thompson	et	al.		
§  PBL	scheme:	YSU	
§  RRTMG	Long-wave	and	Short-wave	

scheme	
§  No	Cumulus	parameterizaXon	used,	

assumed	explicit	

Forcing	Data	
§  The	6-hourly,	0.7030	x	0.7030	

resoluXon	ERA-Interim	reanalysis	data	
provide	the	iniXal	and	lateral	
boundary	condiXon	

Con/nental	Scale	Regional	Climate	
Simula/on	using	4-KM	WRF	

MRB	

SRB	

MRB:	Mackenzie	River	Basin	
SRB:	Saskatchewan	River	Basin	

NCAR	CONUS	domain	
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Historical simulation (CTRL) 

Future simulation (PGW) WRF	Dynamical	
downscaling	and	
PGW	method	

	

DYNAMICAL 
DOWNSCALING 

HINDCAST 

DYNAMICAL	DOWNSCALING		
FUTURE	PGW	

	
	

Weather	Research	Forecast	V3.6	

HIGH-RESOLUTION (4-km) REGIONAL CLIMATE 
MODEL 

PSEUDO	GLOBAL	WARMING	
ERA-I	+	ΔCIMP5	

Global	monthly	mulX-model	average	increments:	
ΔCIMP5	=	projecXon	ensemble	−	historical	ensemble	

	 						(2070	to	2099)	 						(1976	to	2005)		

	
	
	
	
RCP8.5	“the	business	as		
usual”	scenario	projects	
a	3.7oC	warming	by		
the	end	of	the		
21	century.	
	
	

GLOBAL 
FUTURE 

SCENARIOS 

	
	
	
ACCESS1-3	
CanESM2	
CCSM4	
CESM1-CAM5	
CMCC-CM	
CNRM-CM5	
CSIRO-Mk3-6-0	
	

CMIP5 models under 
RCP8.5 

GFDL-CM3 
GFDL-ESM2M 
GISS-E2-H 
HadGEM2-CC 
HadGEM2-ES 
Inmcm4 

IPSL-CM5A-
MR 
MIROC5 
MIROC-ESM 
MPI-ESM-LR 
MPI-ESM-
MR 
MRI-CGCM3 

	

	
6-hours	historical	boundary	condi/ons	from:	

	ERA-Interim	reanalysis	(ERA-I)	
	

• Sea	surface	temperature	and	ice		
• Air	temperature		
• Horizontal	wind	

OBSERVATION 
PERIOD 2001-2015 

•  Specific	humidity	
•  Air	pressure		
• GeopotenXal	height	
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WRF	dynamical	downscaling	for	2000-2013	
CMIP5-historic	 WRF-historic	 CMIP5-historic	 WRF-historic	

Winter	

Spring	

Summer	

Fall	
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Annual	precipita/on	–	CMIP5	vs	WRF		
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WRF	dynamical	downscaling	of	CMIP5	
WRF-PGW	 WRF-PGW	

Winter	

Spring	

Summer	

Fall	

WRF-historic WRF-historic 
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Daily	Tmin	
	
	
	
Daily	Tmax	
	
	
	

Geographic	distribuXon	
of	seasonal	mean	
precipitaXon	(a),	Tmin	
(b)	and	Tmax	(c),	over	
the	period	from	Oct	
2000	–	Sept	2013	for	
WRF	and	ANUSPLIN.		
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Monthly	T2:	CONUS-WRF																																		CCRN-WRF																																																			
Jan																	Feb						 		Mar				

Apr																	May																		Jun	

Jul																			Aug																		Sep	

Oct 														Nov				 	Dec	

Jan																	Feb						 		Mar				

Apr																	May																		Jun	

Jul																			Aug																		Sep	

Oct 														Nov				 	Dec	
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Monthly	PR:	CONUS-WRF																																		CCRN-WRF		
Jan																	Feb						 		Mar				

Apr																	May																		Jun	

Jul																			Aug																		Sep	

Oct 														Nov				 	Dec	

Jan																	Feb						 		Mar				

Apr																	May																		Jun	

Jul																			Aug																		Sep	

Oct 														Nov				 	Dec	
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CONUS-WRF	precipita/on	valida/on	

Liu	C.,	K.	Ikeda,	R.	Rasmussen,	M.	Barlage,	A.	J.	Newman,	A.	F.	Prein,	F.	Chen,	L.	Chen,	M.	Clark,	A.	Dai,	J.	Dudhia,	T.	Eidhammer,	D.	Gochis,	E.	
Gutmann,	S.	Kurkute,	Y.	Li,	G.	Thompson,	D.	Yates,	2017:	ConXnental-Scale	ConvecXon-Permijng	Modeling	of	the	Current	and	Future	Climate	
of	North	America,	Climate	Dynamics,	49,	71-95.		
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CCRN-WRF	Performance	Evalua/on	(Annual	cycle)	

SRB 

MRB 

ANUSPLIN	
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WRF	Precipita/on	Annual	cycle	for	SRB	
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WRF	Temperature	Annual	cycle	for	SRB	
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MRB	
	
	
	
	
	
	
	
	
SRB	
	
	
	

PR																																																														T2	

Precipita/on,	Temperature	Annual	cycle	for	MRB,	SRB	



Old	Crow,	YK,	(67.56,	-139.83)	

Wollaston	Lake,	SK,	(57.7,-103.95)	

Kelowna,	BC,	(49.85,	-119.45)	
Calgary,	AB,	(51.08,	-114.13)	 North	Saskatoon,	SK,	(52.80,	-106.57)		
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Xicai	Pan,	Daqing	Yang,	Yanping	Li*,	Alan	Barr,	Warren	Helgason,	Masaki	Hayashi,	Philip	Marsh,	John	
Pomeroy,	Richard	Janowicz,	2016:Bias	CorrecXons	of	PrecipitaXon	Measurements	across	Experimental	Sites	
in	Different	EcoclimaXc	Regions	of	Western	Canada,	The	Cryosphere,	10,	2347-2360		

Bias	Correc/ons	of	Precipita/on	measurements	
across	different	ecoclimate	regions	

Xicai Pan 
PDF 



2004 

2005 

2006 

(WRF-OBS)/OBS	in	%	
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SRB	

CCRN-WRF	Performance	Evalua/on	-PDF	for	daily	precipitaXon	intensity	
MRB	
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CCRN-WRF	Performance	Evalua/on	-PDF	for	hourly	precipitaXon	intensity	
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CCRN-WRF	Performance	Evalua/on	(Diurnal	cycle)	
Temperature	(oC)	

MRB																																																										SRB	
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WRF	Domain	–		
CCRN	+	CONUS		&		Extended	GWF	
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§  SensiXvity	test	for	land-atmosphere	
interacXon	

22 

WRF	NDOWN	
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Using	4-km	WRF	CONUS	simula/ons	to	
diagnose	surface	coupling	strength	



Storm	characteris/cs	during	the	lifecycle	of	the	June	2013	Albert	flood		

ConvecXve/StraXform	separaXon	

Li	Yanping,	K.	Szeto,	R.	Stewart,	J.	Theriault,	L.	Chen,	B.	Kochtubajda,	A.	Liu,	S.	Boodoo,	R.	Goodson,	C.	Mooney,	S.	Kurkute,	2017:	A	
numerical	study	of	the	June	2013	flood-producing	extreme	rainstorm	over	southern	Alberta.	Journal	of	Hydrometeorology,	hop://
dx.doi.org/10.1175/JHM-D-15-0176.1	



The	rela/onships	between	precipita/on	scaling		
defined	intra-annually	(binning	scaling)	and		
defined	inter-annually	(trend	scaling)?	

Prein	et	al.	(2017)	

Zhang	et	al.	(2017)	



How	will	mesoscale	convec/ve	systems	(MCSs)	
change	in	the	future?		

For	U.S.	in	a	warmed	climate:	
•  250	%	more	MCSs	in	JJA	
•  40	%	higher	hourly	max	rain	rates	
•  -20	%	slower	moving	storms	
•  Up	to	60	%	higher	rainfall	volumes	

MODE-TD	analysis	for	Storm	CharacterisXcs:	
Speed,	LifeXme,	Size,	maximum	intensity,	total	P	

from		Andreas	Prein,	NCAR	



Pillar	1:	Short-dura/on	extreme	precipita/on	
in	future	climate	

Con/nental	Scale	Regional	Climate	Simula/on	using	4-KM	WRF	
1.				Binning	scaling	(T-P	relaXon)	
2.				ConvecXve	vs	non-ConvecXve	precipitaXon	
3.				Physical	mechanisms	for	ConvecXon	

	 	US	Great	Plains	vs	Canadian	Prairies	
4.					CharacterisXcs	of	MCSs	(MODE-TD)	

	 	speed,	duraXon,	Size,	max	intensity,	total	P	
		Land-atmosphere	coupling	
1.				Surface	water	budget,	precipitaXon	parXXoning,	remote	moisture	

source	
2.				2nd	dynamical	downscaling	(NDOWN)		

	 	Small	region	&	Very	high-resoluXon	
27 


