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Cumula6ve	freshwater	losses	in	California	(leB),	the	Middle	East	(center)	and	NW	India	(right)	from	GRACE,	2002-2014	

FamiglieQ,	2011	 Voss	et	al.,	2013	 Rodell	et	al.,	2009	

	On	the	Need	to	Include	Be:er	Water	Management	Parameteriza@on	
	in	Land	Surface	Models	



Trends	in	Groundwater	Storage	from	NASA	GRACE	Mission	(2003-2013)	
Richey	at	al.,	2015,	Water	Resources	Research	

	
	



Water	Redistribu@on	Aqueducts	in	California	



The	Challenge	

•  Given	the	strong	fingerprint	of	water	management	on	the	global	water	
landscape,	we	must	incorporate	the	major	processes	like	groundwater	
pumping,	irriga6on,	reservoir	storage,	surface	water	tranfers,	etc.	into	our	
land	surface	models.	

	
•  How,	for	example,	can	we	predict	global	change	impacts	on	groundwater	

resources,	if	we	can’t	realisi6cally	represent	the	characteris6cs	of	the	soil	
and	groundwater	reservoirs	

•  We	have	a	long	way	to	go	before	we	can	go	from	here…	

•  To	here	



Are	our	models	up	to	the	task?	
New	capabili6es	required:	
	
•  Realis6c	watersheds,	rivers	and	floodplains	

•  Realis6c	soil	depth,	aquifers	and	associated	parameters	

•  Realis6c	lakes	

•  Realis6c	agricultural	water	use,	irriga6on,	and	crop	cover	

•  First-order	alpine	glaciers	

•  First-order	water	management:	Reservoirs,	conveyances,	water	use	
including	groundwater	pumping	

•  Beaer	representa6on	of	urban	hydrology	and	land	atmosphere	
interac6on	



Some	of	the	things	that	we	are	
working	on	at	JPL	



Downscaling	GRACE	to	water	management	scales	
California’s	Central	Valley	

Miro	and	FamiglieQ	(2016),	submiaed	

Storage	changes	from	NASA’s	GRACE	(2010)	 Local	groundwater	well	data	(2010)	 High	resolu6on	map	of	groundwater	change	(2010)	

Output	at	10-fold	higher	resolu4on	
Spa6al	resolu6on	of	GRACE:		
•  1	degree	by	1	degree		-		200,000	km2	

Spa6al	resolu6on	of	output	maps:	
•  4km	by	4km	-	16	km2	
	

Acceptable	NSE	values		
•  Calibra6on	–	0.1911	to	0.8200	
•  Valida6on	-	0.3546	to	0.8302	
•  0	–	1	is	acceptable,	1	is	ideal	



The	Western	States	Water	Mission	

•  A	focused,	accelerated	effort	in	a	flight	project	framework	(i.e.	trea6ng	it	with	
the	intensity	of	a	NASA	satellite	mission)	

	
•  Integrate	key	satellite,	aircraB	and	ground-based	measurements	(GRACE,	

GRACE-FO,	SMAP,	snow	cover,	SWOT-ready)		into	a	high-resolu6on	model	(3	
km2	or	less)	of	California	and	western	U.	S.	hydrology	

•  Represent	the	major	features	of	the	natural	(snow,	surface	water,	soil	
moisture,	groundwater,	streamflow,	evapotranspira6on)	and	managed	
(conveyances,	reservoirs,	groundwater	pumping,	irriga6on)	water	cycle	in	
catchment-based	framework	with	explicit	river	networks	

•  Provide	NASA’s	best-available	es6mates	of	freshwater	availability	from	local-
to-regional	scales,	including:		snowcover,	snow	depth,	snow	water	equivalent;	
surface	water	storage	and	streamflow;		soil	moisture	content;	and	
groundwater	levels	and	storage	changes	

•  Link	to	models	of	agriculture,	food	produc6on,	energy	produc6on,	climate,	
ecology,	etc;	and	very	high	resolu6on	models	for	localized	flooding	

	

	



The	Western	States	Water	Mission	

JPL	 Arroyo	Seco	



Cedric	David,	NASA	Jet	Propulsion	Laboratory	
David	et	al.,	2015	



Including	simple	reservoirs	on	the	river	network	
Solander	et	al.	(2015)	



NASA Western Water Applications Office (WWAO) 
  
What	is	the	WWAO?	
A	new	NASA	ini6a6ve	to	make	satellite	
hydrology	data	more	accessible	and	
informa6ve	for	western	US	water	
management	
	
What	Does	the	WWAO	Do?	
•  Connect	stakeholders	with	NASA	

scien6sts,	NASA	technology,	tools,	
and	data.	

•  Serving	NASA	hydrology	data	in	
accesible	format	at	water	
management	scale	

•  Strategic	support	of	NASA	projects	
that	enhance	applica6on	readiness	

	
Why	the	NASA-WWAO?	
•  Apply	NASA’s	wealth	of	science,	

remote	sensing	data	and	exper6se.	
•  Leverage	decades	of	investment	in	

science	and	technology.	
•  Develop	and	maintain	las6ng	

rela6onships	with	stakeholders.	
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Integrated	models	enable	new	science	and	applica@ons	
Helping	California	water	managers	define	‘sustainable’	groundwater	use	

Massoud	et	al.,	2016,	submiaed	



Integrated	models	enable	new	science	and	applica@ons:	
Irriga4on	in	California’s	Central	Valley	Strengthens	the	Southwestern	U.	S.	Water	Cycle		
	

Lo	and	FamiglieQ,	2013	


