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The	need	for	downscaling	

Idea	of	downscaling:	Data	from	global	climate	models	are	typically	inadequate	for	
regional	and	local	impacts	assessment.		Must	create	higher	spa9al	and	temporal	
resolu9on	informa9on	that	be:er	represents	the	meteorology	and	climatology,	that	is	
more	suitable	for	impacts	assessment	purposes	(e.g.	water	resources,	ecosystems,	
natural	hazard	management,	agriculture,	etc.)	
	
	
Two	possible	downscaling	routes		
	
Sta6s6cal:	Develop	an	empirical	rela9onship	between	large-scale	climate	and	regional	
climate	metrics		based	on	historical	data,	and	then	apply	to	future	global	model	
projec9on	
	
Dynamical:	Apply	a	full-physics	(typically	limited	area)	regional	climate	model	over	a	
specific	domain	of	interest	to	generate	a	higher	resolu9on	simula9on.		



Sta6s6cal	or	Dynamical	Downscaling	
Which	is	“right’’	way	to	go?	

Sta6s6cal		 Dynamical	

Pros	

Cons	

Simple	and	inexpensive	
Many	realiza9ons	
Rela9vely	easy		to	apply	

Represents	physical	processes	
Lots	of	variables	available	
Characterize	extremes	
Accounts	for	non-sta9onarity?	
	

Sta9onarity	problem	
Underes9mates	extremes	
No	physical	process	basis	
	

Rela9vely	few	realiza9ons	
Computa9onally	expensive	
Requires	training,	experience	
	

EMPHASIZES	REDUCTION	OF	
STATISTICAL	UNCERTAINTY			

EMPHASIZES	REDUCTION	
OF	PHYSICAL	PROCESS	

UNCERTAINTY			



The	seduc6ve	paradigm	of	the	“cloud	of	points”’	
Full	112-Member	BCSD	CMIP	3	Ensemble	Projec6on:	

Lees	Ferry	gauge	for	Upper	Colorado	

Assump6ons	
	
Greater	reduc6on	in	uncertainty	
with	more	ensemble	members,	or	
the	“bigger	cloud”	
	
Mean	of	the	mul6-model	
ensemble	is		our	most	confident	
metric	because	of	cancella6on	of	
model	error	
	
	
But	what	should		Bureau	of	
Reclama6on	do	if	dynamical	
downscaling	would	yield	a	
substan6ally	different	result	than	
BCSD,	but	with	far	fewer	
members??	

Harding	et	al.	(2012,	HESSD)	

On	order	of	10%	decrease		
mid-century	





One	of	the	most	debated	tables	by	the	authors	in	
wri6ng	of	this	report….	



What	causes	extreme	precipita6on	in	the	West?	

Ralph	et	al.	(2011)	



Projec6ng	Water	Resources	in	the	Colorado	
Basin	Using	Dynamical	Downscaling	



Harding	et	al.	(HESSD,	2012)	



Vano	et	al.	(2014,	BAMS)	



Bias	Correc9on	and	
Spa9al	Disaggrega9on	

(BCSD)		

CMIP3		A2	
Scenario	

Sta9s9cal	
Downscaling	

Dynamical	
Downscaling	

Regional	Climate	Model	
NARCCAP	

UA-WRF:	MPI,	HadCM3	

Sta9s9cally	Downscaled	
Streamflow	using	BCSD	

New	Parametric	Bias	
Correc9on	(BC-UA)	

Dynamically	Downscaled	
Streamflow	using	BC-UA	

BOR	Calibrated	VIC		
hydrologic	model	

BOR	Calibrated	VIC		
hydrologic	model	

NARCCAP		GCMs	
UA:	MPI-ECHAM5	
and	HadCM3	

Non	Parametric	Bias	
Correc9on	(NP-BC)	of	

BCSD	

Dynamically	Downscaled	
Streamflow	using	NP-BC	

BOR	Calibrated	VIC		
hydrologic	model	

SD	
DD1	 DD2	



Vano	et	al.	(2014,	BAMS)	



Wi	et	al.	(2012,	JGR-Atmos.)	



Simulated	vs.	observed	precipita6on	and	
streamflow	at	Lees	Ferry:	
1971-2000	historical	period	

Mukharjee	et	al.	(in	prepara0on)	



Bias	in	Downscaled	Simulated	to	Observed		
Upper	Colorado	streamflow	at	Lees	Ferry:		

1971-2000	historical	period	
BCSD	vs.	NARCCAP	+	UA	WRF	RCMs	

	

Highest		
flows	

Lowest	
flows	

Dynamical	downscaling	leads	to	reduced	bias	in	representa6on	of	historical	
streamflow,	generally	independent	of	high	and	low	flows.	The	regional	
modeling	component	is	main	reason	why,	not	choice	of	bias	correc6on	
technique.	

Mukharjee	et	al.	(in	prepara0on)	



Downscaled	CMIP3	Projected	Absolute	Changes	in	Upper	Colorado	
River	Precipita6on	and	Streamflow:		2041-2070	minus	1971-2000	

BCSD	vs.	NARCCAP	+	UA	WRF	RCMs	

Precipita6on	

Streamflow	

Mukharjee	et	al.	(in	prepara0on)	



Downscaled	CMIP3	Projected		%	Changes	in	Upper	Colorado	
River	Flow:		2041-2070	minus	1971-2000	
BCSD	vs.	NARCCAP	+	UA	WRF	RCMs	

Highest		
flows	

Lowest	
flows	

Greatest	difference	between	a	sta6s6cally	
vs.	dynamically	downscaled	stream	flow	
projec6on	occurs	for	highest	flows.	
	
On	order	of	10-20%	lower	streamflow	
during	peak	flows	with	dynamical	
downscaling!	

Mukharjee	et	al.	(in	prepara0on)	



Downscaled	CMIP3	Projected		%	Changes	in	Salt	and	Verde	
Streamflow	(Lower	Colorado	Basin	within	Arizona):		

2041-2070	minus	1971-2000	
	BCSD	vs.	NARCCAP	+	UA	WRF	RCMs	

Highest		
flows	

Highest		
flows	

Lowest	
flows	

Lowest	
flows	

The	poten6al	decreases	on	the	smaller	
rivers	that	are	the	lifeblood	of	the	SRP	
system	may	be	even	more	drama6c	
than	for	the	Upper	Basin!		

Mukharjee	et	al.	(in	prepara0on)	



Projected	Southwest	drying	trend	is	not	as	dire	in	AR5		

Mean-Annual	Precipita6on	Change,	percent	
CMIP5	-	CMIP3,	1970-1999	to	2070-2099,	50%6le	

CMIP5	minus	CMIP3	BCSD	climate	projec6ons	
From	Bureau	of	Reclama6on	



Projec6ng	changes	in	monsoon	severe	weather	
events	using	convec6ve	resolving	modeling	



Will	these	hazards	poten6ally	worsen	with	climate	change?	



Monsoon	Thunderstorms	in	Arizona	

Forced	by	the	diurnal	mountain	
valley	circula9on	
	
Form	over	the	mountains	
during	late	morning	to	early	
aYernoon	
	
Reach	mature	stage	by	about	
mid-aYernoon.	
	
(Photo	taken	around	3pm)	

Monsoon	thunderstorms	at	KiX	Peak	at	mature	
stage	with	gust	fronts.	



NesbiX	et	al.	(2008)	

Convec6ve	organiza6on	and	
propaga6on	

Convec6ve	clouds	form	over	the	mountains	
in	the	morning.	
	
By	amernoon	and	evening	storms	propagate	
to	the	west	towards	the	Gulf	of	California	
where	they	can	organize	into	mesoscale	
convec6ve	systems	if	there	is	sufficient	
moisture	and	instability.	
	
	
It’s	likely	that	a	convec6ve-permiKng	
resolu6on	(less	than	5	km)	is	necessary	to	
represent	this	process	correctly	in	regional	
models.		Global	models	preoy	much	fail.			
	



Inverted	trough:	Favors	upward	mo6on		
and	ver6cal	wind	shear	

Pytlak	(2005)	



An	ac6ve	monsoon	day…	



NARRCAP	Ensemble	
Results	
	
Note	in	some	cases	there	
can	be	differences	in	the	
sign	of	precipita9on	
projec9ons	among	RCMs	
even	when	forced	by	the	
same	CMIP3	GCM.	

Bukovsky	et	al.	(2015,	J.	Climate)	



Technical	Approach	
Dynamical	downscaling	to	address	severe	weather	ques6on	

Yields	climate	change	projec9on	results	that	simulate	possible	changes	in	extreme	events	in	
a	physically-based	way,	using	a	well-established	modeling	paradigm	for	weather	
forecas9ng.	



	

Daily	average	precipita6on	WRF	hi-res	modeled	vs.	
observed	for	favorable	severe	weather	events	(2002-2010)	

Stage	IV	Observa5ons	

Reanalysis	

CMIP3	MPI	 CMIP3	HadCM3	

CMIP5	MPI	 CMIP5	HadGEM2	

Widespread	precipita6on	in	Southwest,	with	maxima	on	terrain	
CMIP	paradigms	generally	comparable	to	Stage	IV	

mm	

Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



Changes	in	the	atmospheric	environment	for	monsoon	
thunderstorms	during	the	last	thirty	years	in		

downscaled	NCEP	reanalysis	



Observed	Change	in	Early	and	Late	Warm	Season	
Precipita6on	Climatology	in	CPC	dataset:		

1980-2010	minus	1950-1980	
	

Recent	observa6onal	record	seems	to	comport	with	“wet	gets	weoer,	dry	gets	drier	idea”	
	
More	monsoon	precipita6on,	but	tending	to	occur	mostly	in	mountainous	areas.		More	
thermodynamically	favorable,	but	less	dynamically	favorable.	

Chang	et	al.	(2015,	JGR	Atmos.)	



Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



Luong	et	al.	(in	prepara0on)	
Presented	at	2015	AGU	Fall	mee0ng	



How	is	monsoon	precipita6on	
	changing	in	the	Southwest?	

From	the	perspec6ve	of	convec6ve-permiKng	climate	modeling	

Consistency	in	results	(so	far)	with	dynamically	downscaled	
CMIP3	and	CMIP5	model	paradigms	for	future	projec6ons	
suggest	anthropogenic	climate	change	is	the	likely	driver…	



Joint	PDF	Changes	in	Intensity,	Dura6on	
Downscaled	reanalysis:	1990-2010	minus	1950-1970	
Example	of	final	transla5on	of	informa5on	to	facility	scale	
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Will	consider	future	projec6ons,	mul6ple	variables	of	interest	for	weather	
forecas6ng	purposes	per	opera6onal	threshold	criteria	of	25th	OWS.	



Interannual	variability:	Teleconnec6ons	at		
monsoon	onset	(late	June,	early	July)	

e.g.	Castro	et	al.	(2001,	J.	Climate)	

The	onset	and	variability	of	North	
American	Monsoon	System	(NAMS)	is	
partly	controlled	by	warm	season	
atmospheric	teleconnec9ons		
	
Teleconnec9ons	driven	El	Niño	
Southern	Oscilla9on	(ENSO)	and	
Pacific	Decadal	Variability	(PDV)	
	
Influence	monsoon	ridge	posi9oning	
in	early	summer.	
	



Dominant	mode	of	early	summer	
precipita5on	
	(1950-2000)	

PRISM-based	JJ	SPI	
An5phase	rela5onship	in	early	

summer	rainfall	between	
Southwest		U.S.	and	central	U.S	

Rela5onship	to	atmospheric	
circula5on	anomalies		

Teleconnec5on	response	
Quasi-sta5onary	Rossby	wave	train	

Rela5onship	to	sea	surface	
temperature	anomalies		
ENSO,	Pacific	decadal	

variability	drive	varia5on	in	
tropical	convec5on	

Ciancarelli	et	al.	(2013,	Int.	J.	Climatol.)	



Boreal	warm	season	atmospheric	teleconnec6ons	
Per	classifica9ons	of	Ding	et	al.	(2011,	J.	Climate)	

ENSO/PDV	Forced:	Early	summer	(JJ)	
Probably	most	seasonally	predictable	

Indian	monsoon	forced:	Late	summer	(JAS)	

CGT	Mode	1	

CGT	Mode	2	

Ciancarelli	et	al.	(2013,	Int.	J.	Climatol.)	

Western	Pacific	North	
America	Paoern	(WPNA)	

Circumglobal	
Teleconnec6on	(CGT)	



Current	warm	season	seasonal	forecast	skill	in	North	
American	Mul6model	Ensemble	(NMME)	

Kirtman	et	al.	(2014,	Bull.	Amer.	Meteor.	Soc.)	

All	NMME	Models	 CFSv2	only	



Are	skillful	seasonal	monsoon	forecasts	
possible?	Castro	et	al.	(2012,	J.	Climate)	

Global	seasonal	forecast	models	,	
such	as	the	CFS	do	have	an	ability	to	
sta6s6cally	represent	WPNA	
response	and	its	impact	on	warm	
season	precipita6on.	
	
For	skillful	warm	season	forecasts,	a	
seasonal	forecast	GCMs	must	have	
an	ability	to	determinis6cally	
represent	warm	season	atmospheric	
teleconnec6ons.	
	
A	high	resolu6on	(convec6ve-
permiKng)	RCM	would	probably		
then	add	value,	given	its	ability	to	
much	beoer	represent	organized	
convec6on.			



Early	summer	(JJ)	precipita6on	
	anomaly	correla6on	for	NAME	Tier	2	Region	

Castro	et	al.	(2012,	J.	Climate)	



Mul6-RCM	Ensemble	Downscaling		
of	mul6-GCM	Seasonal	Forecasts	(MRED)	

•  Test usefulness of downscaling winter seasonal forecasts 
from global models by using an ensemble of regional 
models. 

•  Downscale 23 years of winter (December-April) 
reforecasts from the NOAA CFS global seasonal forecast 
model (T62L64, ~1.9o lat/lon). 

•  Domain is the coterminous 
U.S. at grid spacing 32 km. 

•  Downscaled each member of 
a 10 member CFS ensemble 
for each winter 1982-2004. 

Courtesy	Prof.	Ray	ArriX,	Iowa	State	



MRED	Ensemble	

NCEP	CFS	

start		
11	Nov	

start		
13	Nov	

start		
12	Nov	

start		
14	Nov	 10 initial 

conditions 

MM5	

CWRF	 RAMS	Eta-SSiB	

WRF-ARW	 NCEP		
RSM	

Scripps		
RSM	

Global 
Model 

Regional Models 

Courtesy	Prof.	Ray	ArriX,	Iowa	State	



These	types	of	applica6ons	are	informed	by	a	process	of	co-
produc6on	of	knowledge	with	stakeholder	users…	



Discussion	period	at	the	end	of	workshops	
is	the	most	important	part!	



Vision	of	a	poten6al	future	at	the	University	of	
Washington	

Assume	a	leadership	role	in	developing	the	idea	of	regional	climate	modeling	center,	for	
producing	customized,	client-driven	applied	science	deliverables	and	research	needs.			
	
In	a	teaching	capacity,	to	develop	or	maintain	exis9ng	graduate	courses	in	the	
department	in	regional	atmospheric	modeling	and	climate	data	analysis,	with	greater	
emphasis	on	sta9s9cal	characteriza9on	of	extremes.		Addi9onally,	a	transla9onal	course	
that	would	emphasize	stakeholder	engagement.	
	
Improve	the	projec9on	of	hydroclimate,	using	integrated	high	resolu9on	atmospheric	
and	hydrologic	physical	modeling	with	ensemble	approaches,	demonstra9ng	the	
poten9al	value	added.		Intraseasonal	to	seasonal	9mescales	is	a	ripe	opportunity	and	
highly	desired.	
	
Emphasize		interna9onal	outreach	in	my	research	ac9vi9es,	with	special	emphasis	on	
La9n	America,	that	builds	on	my	recent	Fulbright	Fellowship	at	the	Na9onal	
Autonomous	University	in	Mexico	City.	
	
To	work	with	UW	faculty	to	develop	outreach	programs	in	atmospheric	and	related	
sciences	to	underrepresented	groups.	
			
	
	
	


