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Tropical Rainfall Measuring Mission 	

•  Launched	in	1997	to	measure	
tropical	rainfall,	ended	in	2015	

•  TRMM	has	a	17-year	record	of	
precipita?on	from	la?tudes	
~35°North	to	35°South	

•  Partnership	between		NASA	and	
the	Japan	Aerospace	Explora?on	
Agency	(JAXA)	

•  Data	at	hQp://trmm.gsfc.nasa.gov		

GPM	instrument	enhancements	and	improved	
retrievals	es?mate	light	rainfall	and	snow	typically	
found	in	higher	la?tudes	

	

Hot Towers observed in Hurricane Wilma 

Rainfall Accumulation from Tropical 
Cyclone Giovanna, triggering deadly 
floods in Madagascar 



The	GPM	Core	Observatory	
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GPM Microwave Imager (GMI): 
10-183 GHz 
13 channels provide an integrated picture of 
the energy emitted by precipitation, similar 
to an X-ray 

Dual-frequency Precipitation 
Radar (DPR): Ku-Ka bands 
Two different radar frequencies look at 
precipitation in 3-D, similar to a CT 
scan 



Global	Precipita.on	Measurement	(GPM)	



Mul.-Satellite	Precipita.on	Data	(30	min,	10km	by	10km)	

IMERG: Integrated Multi-satellitE Retrievals for GPM 



Societal	Benefit	Areas	
							Extreme	Events	and	Disasters	
									•		Landslides 	 	 	•			Floods	
			•		Tropical	cyclones 	•		Re-insurance	

	

	

			Water	Resources	and	Agriculture	
•  Famine	Early	Warning	System									•		Drought	
• Water	Resource	management									•		Agriculture	

Weather,	Climate	&	Land	Surface	Modeling	
• Numerical	Weather	Predic.on							•		Land	System	
Modeling																	•			Global	Climate	Modeling	

			Public	Health	and	Ecology		
• Disease	tracking 	•		Animal	migra.on	
• Food	Security	



Landslides	&	Flooding	

TRMM	&	GPM	provides	rain	accumula?on	and	distribu?on	data	at	high	resolu?on	
to	advance	predic?ons	of	high-impact	natural	hazard	events	



Agriculture	and	Drought	
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Famine	Earth	Warning	System	
(FEWS)	relies	on	TRMM	and	other	
satellites	to	an?cipate	poor	
growing	seasons.		

Rainfall Estimates 

http://farmlandgrab.org 

hQp://earlywarning.usgs.gov	

www.climatecentral.org 



		For	more	informa?on	on	the	TRMM	and	GPM	Missions:						
hQp://gpm.nasa.gov;	hQp:/gpm.nasa.gov/educa?on						
www.nasa.gov/gpm;	Movies	at:		hQp://svs.gsfc.nasa.gov/	

TwiQer:	NASA_Rain	(11K	followers)	 	Facebook:	NASA.Rain	(>20K)	



GPM	Data	Products	



Image	courtesy:	h0p://www.jpl.nasa.gov/		

SMAP:	Soil	Moisture	Ac0ve	Passive	
31	January	2015	
	
Instruments		
•  Radar(1.26	GHz)	

ü  High	resolu;on,	moderate	accuracy		
•  Radiometer	(1.4	GHz)	

ü  Moderate	resolu;on,	high	accuracy	

Shared	antenna	
•  Constant	incident	angle:	40	degrees	
•  1000	km	wide	swath	

Orbit	
•  Sun-synchronous	
•  6	am	(Descending)	/	6	pm	(Ascending)	
•  685	km	al;tude	
•  Global	coverage	every	three	days	

SMAP	

	
[1]	Overview	
[2]	System	
					Current	
					Updated	
					Data	Products	
[3]	Evalua;on	
[4]	Summary	
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SMAP	

SMAP	L3,	Passive:	2015/07/28-2015/07/30	

Level-3	(L3)	soil	moisture	
Passive	only	product	
Spa;al	Coverage:	N:	85.044,	S:	-85.044,	E:	180,	W:	-180	
Spa;al	Resolu;on:		36	km	x	36	km	
Temporal	Coverage:	2015-03-31-present	
EASE-Grid,	Version	2.0	
	



SMAP	launched	on	January	31,	2015	into	a	sun-synchronous	6	am/6	pm	orbit	
--		rouCne	science	operaCons	began	on	March	31,	2015	

--		the	L	band	radiometer	conCnues	to	work	well;		the	L	band	radar	transmiIer	failed	on	July	7,	2015	

--		validated	L1	instrument	data	and	beta	versions	of	all	L2-L4	products	were	released	to	the	DAACs	
				by	November	1,	2015			

--		validated	versions	of	the	L2-L4	products	are	due	to	be	released	in	May,	2016	

--		the	SMAP	Freeze/Thaw	team	is	currently		
					tesCng	a	passive-only	algorithm	for	the		
					SMAP	L3_FT	product	given	the	demise		
					of	the	SMAP	radar	

--		the	SMAP	Project	is	currently	invesCgaCng:		

				(a)		several	resoluCon	enhancement		
					approaches	for	the	SMAP	radiometer	data	

				(b)	possible	use	of	SenCnel-1	C-band	radar	
					to	replace	the	SMAP	L-band	radar	in	the		
					acCve/passive	disaggregaCon	approach		
					for	the	L2_SM_AP	product		
	

Status	of	SMAP		(Soil	Moisture	AcCve	Passive)	Mission	
	

May	25-27,	2015	

dry	

wet	

SMAP SM  
in m3/m3 

Example	of	Passive-Only	SMAP	Soil	Moisture		(L3_SM_P)	

Courtesy	of	Peggy	O’Neill	/	NASA	GSFC	Code	617		



•  The	second	part	of	the	SMAPVEX16	cal/val	campaign	started	on	
July	10	in	Manitoba,	Canada		

•  SMAP	science	and	algorithm	teams	completed	algorithm	updates	
and	validated	Levels	1-4	data	products	for	public	release	
available	at	NSIDC	and	DAACs	(May,	2016).	

Status	of	SMAP		(Soil	Moisture	AcCve	Passive)	Mission	
	



Pairing Precipitation and Soil Moisture to Illustrate 
‘Precipitation Memory’  
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Matt Rodell 
NASA GSFC 

Satellite-Based Remote Sensing 
of Water Resources  

Matt Rodell, Ph.D. 

Chief, Hydrological Sciences Laboratory 
NASA Goddard Space Flight Center 

Greenbelt, MD 



Matt Rodell 
NASA GSFC 

Inadequacy of Surface Observations  

USGS Groundwater Climate Response Network.   
River flow observations from the Global Runoff Data Centre.  
Lighter circles indicate greater latency in the data record. 

Global Telecommunication System meteorological 
stations.  Air temperature, precipitation, solar radiation, 
wind speed, and humidity only. 

Eight countries make groundwater data publicly available 
through the Global Groundwater Monitoring Network. 

Issues	include	coverage	gaps,	delays,	measurement	con5nuity	and	
consistency,	data	format	and	QC,	poli5cal	restric5ons	



Matt Rodell 
NASA GSFC 

Highly relevant to hydrology 



Matt Rodell 
NASA GSFC 

Soil Moisture 
Snow, Ice, Rainfall Snow 

Vegetation 
Radiation 

Gravity Recovery and Climate Experiment (GRACE) 

Aqua:  
MODIS, 
AMSR-E, 
etc. 

GRACE 

GRACE is unique 
in its ability to 
monitor water at 
all levels, down 
to the deepest 
aquifer 

Conventional 
radiation-based 
remote sensing 
technologies 
cannot sense 
water below the 
first few 
centimeters of 
the snow-
canopy-soil 
column 



Matt Rodell 
NASA GSFC 

•  Two identical satellites flying in tandem, near-polar orbit, ~200 km apart, 500 km 
initial altitude 
•  Distance between satellites tracked by K-band microwave ranging system 
•  Launched 17 March 2002 

Gravity Recovery and Climate Experiment (GRACE) 



Matt Rodell 
NASA GSFC 
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Terrestrial Water Storage Variations 

TWS variations are dominated by:
Soil moisture in temperate regions;
Snow in polar and alpine regions;
Surface water in wetlands.

 Top: 23 year time 
series of snow, soil 
moisture, and 
groundwater storage 
in Illinois, USA (right) 

Updated from Rodell and Famiglietti, WRR, 2001 



Matt Rodell 
NASA GSFC 

Emerging Trends in Terrestrial Water Storage from GRACE 

cm/yr 

•  Data from http://grace.jpl.nasa.gov/data/get-data/jpl_global_mascons/  
•  Which apparent trends are real and likely to continue? 

Best fit linear rate of change of TWS (cm/yr), 2002-2015. 



Matt Rodell 
NASA GSFC 

Terrestrial Water Storage “Trends” from GRACE 

Exploitation of Water Resources 

Percentage of Irrigated Area 

Source: FAO and University of Frankfurt 

Groundwater Depletion Rate (ca. 2000) 

Equivalent height of water (mm/yr) 

Wada et al. (2010) 

Equivalent height of water (mm/yr) 

Döll et al. (2011) 

Net Consumptive Use of Ground and Surface Waters, 
1998-2002 

Equivalent height of water (cm/yr) 



Matt Rodell 
NASA GSFC 
Matt Rodell 
NASA GSFC 
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GW = TWS – SM – SWE  
Groundwater continues to be depleted in the Indian states of Rajasthan, 
Punjab, and Haryana by about 16.0 km3/yr, reduced slightly from our 
previous (2002-08) estimate of 17.7 ±4.5 km3/yr (Rodell, Velicogna, and 
Famiglietti, 2009). 

Trends in terrestrial water storage (cm/yr), including groundwater, soil 
water, lakes, snow, and ice, as observed by GRACE during 2002-15 

Emerging Trends in Global Freshwater Storage Groundwater Depletion in Northern India 
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Emerging Trends in Global Freshwater Storage 
Trends in terrestrial water storage (cm/yr), including groundwater, soil 

water, lakes, snow, and ice, as observed by GRACE during 2002-15 

Rate of change of water storage (cm/yr) 

Landsat images prepared by Aries Keck, NASA/GSFC 

Growth of Irrigation in Saudi Arabia 



Matt Rodell 
NASA GSFC 
Matt Rodell 
NASA GSFC 

Groundwater Depletion in Saudi Arabia 

Preliminary estimate of groundwater depletion rate: 2.6 km3/yr. 
This includes the impact of a persistent drought in the region, as 
indicated by the soil water time series. 
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Emerging Trends in Global Freshwater Storage 
Rates of change of terrestrial water storage (cm/yr), including groundwater, 

soil water, lakes, snow, and ice, as observed by GRACE* during 2002-15 

GRACE	observes	changes	in	water	storage	caused	by	natural	variability,	
climate	change,	and	human	ac5vi5es	such	as	groundwater	pumping		

Greenland’s ice sheet has been 
thinning at a rate of 142 km3/yr 

Alaska’s glaciers have been 
melting at 84 km3/yr 

Recent droughts in 
California and Texas 

Recovery from 2004-05 
drought in the Amazon 

Groundwater is being depleted 
across northern India at rate of 
about 54 km3/yr due to 
pumping for irrigation 

Return to normal after wet 
years in early 2000s 

The western Antarctic ice sheet has 
been thinning at a rate of 65 km3/yr 

Return to normal in the Okavango 
Delta after drought ended in 2007 

Drought recovery and 
flooding in east Australia 

Overexploitation of 
freshwater resources in the 
North China Plain 

Drought gave way to 
flooding in the Missouri 
River basin in 2011 

Depletion of water resources 
in Middle East, exacerbated 
by drought 2010 Chile earthquake and 

drought in southern Argentina 

Patagonian glacier melt 

Russian droughts in 2010 
and 2012 

*JPL GRACE Mascon 
hydrology product 



Matt Rodell 
NASA GSFC 

•  Due to the incompleteness of ground-based observations, space-based 
observation of global freshwater resources is critical. 

•  NASA’s GRACE satellite mission is unique in its ability to monitor all 
forms of water at all depths, including groundwater. 
•  Emerging trends in terrestrial water storage observed by GRACE can be 
categorized as natural variations, climate change impacts, or direct 
consequences of human activities, particularly irrigation. 
•  The value of GRACE and other satellite data for applications such as 
drought monitoring can be enhanced by combining them within a land 
surface model. 
•  The GRACE Follow-On mission is scheduled to launch by February 2018. 
•  Commencing in June, the National Research Council’s 2017 Decadal 
Survey in Earth Sciences will set the priorities for NASA’s 2020-2030 
Earth observing satellite missions. 

Summary and Future Prospects 



Jasinski NASA/USGS SOH Mtg, July 28, 2016

The ICESat-2 Mission 
Inland Water Height Data Product

Michael  Jasinski
NASA GSFC

Science Team Lead for
Inland Water Data Product

USGS Interagency Mtg
ACWI/SOH

July 28, 2016



Jasinski NASA/USGS SOH Mtg, July 28, 2016

Instrument
- Advanced Topographic Laser Altimeter System (ATLAS)
- Micro-pulse instr w/single-photon sensitive detection
- 6 beams, arranged in 3 pairs (25/100 µJ)
- 10 kHz pulse repetition rate
- 14m footprint
- spaced 0.7m along-track
- 532nm wavelength

Orbit: 500 km, non-sun-synch, 92° inclination
Repeat: 91 day exact repeat, ~30 day subcycle
Launch Date:  ~Nov/Dec 2017
Lifetime: 3 years, with consumables for 7
Partners: GSFC, Orbital Sciences, ULA, KSC

ICESat-2/ATLAS Instrument

“Strong” beam

“Weak” beam

Status: Built and in
Thermovac Testing! 



ATBD Lead Affiliation ATLAS Science Data Products Description

Precision Pointing 
Determination (PPD)

Bob Schutz / Sungkoo
Bae UTCSR ancillary data Precise laser pointing solutions input to all level 2 and higher 

level products

Precision Orbit 
Determination (POD) Scott Luthcke GSFC ancillary data Precise orbit solutions input to all level 2 and higher level 

products

Level 1A John DiMarzio SGT/GSFC ATL01 Conversion and reformatting of Level 0 data

Level 1B Rob Jones / Tony 
Martino GSFC ATL02 Apply necessary corrections from housekeeping data, e.g. 

calibrated ranges

Level 2A Tom Neumann GSFC ATL03
combine elevation corrections, geolocation information, laser 
spot location (which requires preliminary surface finding) with 
L1B product

Ice Sheet Ben Smith UW ATL06, 11, 14, 15 Define ice sheet products and parameters

Sea Ice Ron Kwok JPL ATL07, 10, 20, 21 Define sea ice products and parameters

Land/Vegetation Amy Neuenschwander U. Texas ATL08 Define land and vegetation products and parameters

Ocean James Morison UW ATL12, 19 Along track SSH and Significant Wave Height;

Atmosphere Steve Palm SSAI/GSFC ATL04, 09, 16, 17 Atmosphere products and parameters and the calibrated 
backscatter

Inland Water Mike Jasinski GSFC ATL13 Along track height distribution, ~ 100m segments (variable),
cross track max slope and aspect.

ICESat-2 Data Products



Jasinski NASA/USGS SOH Mtg, July 28, 2016

Inland Water Data Products



Jasinski NASA/USGS SOH Mtg, July 28, 2016

2014 Fairbanks, AK
2013 Mojave, CA
2013 Langley, VA
2012 Keflavik, Iceland
2012 Wallops, VA
2012 Dryden, CA
2011 Dryden, CA
2010 Dryden, CA

Testing ICESat-2 Inland Water Algorithm
w/MABEL Prototype 



Jasinski NASA/USGS SOH Mtg, July 28, 2016
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E.g. MABEL flight over Lake Mead

Similar profiles expected from ICESat-2 

Jasinski, M., Stoll, J., Cook, W., Ondrusek, M., Stengel, E. and K. Brunt. 2016. Inland and Near Shore Water Profiles Derived 
from the High Altitude, Multiple Altimeter Beam Experimental Lidar (MABEL), Journal of Coastal Research, in press.



SWOT combines surface water hydrology with physical oceanography. 



1. The Problem 

2. The Question  What is the spatial and 
temporal variability of freshwater stored in 
the world’s terrestrial water bodies?  

Perspective view of dh/dt 

3. Measurements Required  maps of h, 
which give maps of dh/dt and dh/dx 

4. The Solution  
KaRIN: Ka-band Radar 
Interferometer.  SRTM, 
WSOA heritage.  Maps 

of h globally and 
~weekly (over a 120 km 

wide swath at 1km 
resolution) 

 

In-situ cannot measure this 

Floods are the number one hazard 

Ohio R. from SRTM 

bprc.osu.edu/water 



1. The Problem Altimeters miss 
considerable ocean area. 

2. The Question  What are the energy 
dissipation, ocean circulation, and 
climate implications from oceanic 
eddies which contain 90% of the 
kinetic energy, but are ~10 km scale in 
cross-stream direction, e.g. Gulf 
Stream, Kuroshio. 

3. Measurements Required  Maps of h, 
which give maps of dh/dt and dh/dx allowing 
derivation of velocity, vorticity, and stress 
tensor. 

4. The Solution  
KaRIN: Ka-band Radar 
Interferometer.  SRTM, 
WSOA heritage.  Maps 

of h globally and 
~weekly. 

bprc.osu.edu/water 

100 km 

Model based velocity 



Snow Missions


Edward	Kim	
NASA/GSFC	

ed.kim@nasa.gov	
301-614-5653	

8/1/16	 1	

snow.nasa.gov	



The Importance of Snow


•  Snow	is	important	both	as	a	water	resource	and	as	a	control	on	surface	
energy	balance.	

•  For	1/6	of	Earth’s	populaLon	50-100%	of	runoff	results	from	snowmelt1,	
affecLng	about	a	quarter	of	the	global	GDP.	

•  In	large	parts	of	the	western	US,	up	to	90%	of	renewable	water	comes	
from	snow.		The	current	CA	drought	is	mainly	due	to	low	snow.	

•  9	of	the	top	20	US	floods	during	1900-2000	were	snow-related.	
•  Snow	is	a	major	source	of	spring	soil	moisture	for	agriculture.	

8/1/16	 2	

snow.nasa.gov	1Barnett et al, Nature (17), Nov 2005

Snow	is	important,	yet	simple	quesLons	like	‘how	much	snow	is	
there?’	and	‘when	will	it	melt?’	are	sLll	difficult	to	answer;	there	
are	large	uncertainLes	using	remote	sensing	or	models.	

Kim-----ACWI/SOH	meeLng	



Snow missions

•  Must	address	global	snow	
•  Therefore	must	include	mulLple	sensors	(community	consensus)	

•  e.g.,	AcLve	&	passive	microwave,	lidar,	mulL-spectral	VIS/IR	
•  Recent	snow	mission	proposals	were	single-sensor	&	algorithms	were	not	

robust	enoughà	proposals	not	selected	
•  Need	mature	sensor	technology	and	algorithms	

•  Strengths	&	limitaLons	of	various	sensors	not	well	characterized	vs.	each	other	
•  Very	lihle	work	on	mulL-sensor	algorithms	used	w/great	success	elsewhere	
•  Lihle	exisLng	work	on	snow	retrievals	in	forest	areas	(50%	snow	covered	area)	

•  Satellites	are	expensive;	mulL-sensor	missions	are	more	expensive	
•  Must	leverage	exisLng	assets	(e.g.,	passive	microwave	and	mulLspectral)	
•  But	some	satellite	assets	might	go	away	(passive	microwave)	

•  InternaLonal	partnering	is	the	key	to	
•  Leveraging	technology	and	algorithm	development	investments	
•  Spreading	costs	

•  Societal	benefits	and	science	return	already	strong	

8/1/16	 3	Kim-----ACWI/SOH	meeLng	

Need	mulL-sensor	field	data	to	perform	mission	concept	trade	studies	



Snow Measurement Capabili9es

•  Recent	snow	remote	sensing	community	consensus:	no	
single	sensing	technique	works	well	across	a	wide	
variety	of	snow	types	and	condiLons.	
• What	is	the	opLmum	combinaLon	of	sensing	
techniques	to	measure	
•  regional	(global)	SWE?		
•  global	snow	melt/energy	balance	(where,	when,	how	fast)?	

•  Candidate	sensors:	radar,	lidar,	passive	microwave,	
VIS/IR	mulLspectral,	BRDF	
•  Groups	in	US	&	Europe	are	exploring	satellite	concepts	

8/1/16	 4	

snow.nasa.gov	
Kim-----ACWI/SOH	meeLng	

Need	a	mulL-sensor	field	campaign	to	compare	techniques,	to	quanLfy	when	
each	‘breaks’	and	to	understand	why.	



SnowEx airborne campaigns


8/1/16	 5	

snow.nasa.gov	->	snowex	
Kim-----ACWI/SOH	meeLng	

•  Year	1	led	by	NASA	GSFC	with	help	
from	whole	snow	community	

•  Will	collect	a	mulL-sensor	dataset	
for	mission	trade	studies	and	
algorithm	development	

•  Year	1	focus:	snow	in	forests	
•  Sites	selected	for	2016-17	

•  Primary:	Grand	Mesa,	CO	
•  Secondary:	Senator	Beck	basin,	CO	

•  Airborne	sensors	
•  Radar: 	SnowSAR	(ESA)	
•  Passive	mw:	AESMIR	(GSFC)	
•  BRDF:																		CAR	(GSFC)	
•  Lidar+	hyperspectral:	ASO	(JPL)	
•  Thermal	IR:	TBD	
•  Photography:	TBD	

•  Year		1	Deployments		
•  Sep/Oct	2016	lidar	only	no-snow	
background;		

•  Feb	2017:	with-snow;	all	sensors	
•  Summer	2017:	radar	only	no-snow	
background	

•  Ground	truth		
•  TradiLonal	&	new	measurements	
•  Snow	&	trees	&	soil	

•  SnowEx	schedule:	
•  Year	1	=	2016/17	dedicated	campaigns	
•  Year	2	=	2017/18	no	campaign	
•  Year	3	=	2018/19	dedicated	campaigns	
•  Year	4	=	2019/20	dedicated	campaigns	
•  Year	5	=	2020/21	dedicated	campaigns	
•  LocaLons	for	years	3,4,5	TBD	
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GLOBAL MAPPING OF EVAPOTRANSPIRATION


Thomas	R.	H.	Holmes	
Hydrological	Sciences	Lab,	Code	617	
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Importance	
•  Evapotranspira=on	(ET)	is	the	link	between	the	energy,	water,	and	carbon	

cycles	
•  Accoun=ng	for	up	to	60	%	of	the	return	of	precipita=on	to	the	atmosphere,	

it	plays	a	key	role	in	climate,	meteorology,		and	agriculture.		
•  ET	is	also	one	of	the	most	unconstrained	components	of	the	hydrological	

cycle.	
	

ET	at	the	Hydrological	Sciences	Lab	
•  Use	remotely	sensed	ET	as	a	diagnos=c	observa=on	for	model	

improvement	and/or	assimila=on;	
•  Concept	development	for	remote	sensing	missions	to	es=mate	

evapotranspira=on	(ET)	at	diverse	spa=al	domains	(e.g.	Decadal	Survey)	
	
Challenge	
•  Evapora=ve	flux	does	not	leave	a	direct	electromagne=c	fingerprint	that	

can	be	exploited	by	satellite	retrievals	

July	28,	2016	 2	NASA	Hydrological	Sciences	Lab:	ET	

ET	at	the	Hydrological	Sciences	Lab 
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Energy balance approach: ALEXI 
ApplicaAons with Thermal Infrared 


Mul=-scale	ET	maps	using	land-surface		
temperature	from	various	satellites	

LE
O
	

(M
O
DI
S)
	

Thermal	Infra	Red	

July	28,	2016	 3	NASA	Hydrological	Sciences	Lab:	ET	

Microwave	LST		
General	Method	
•  Interprets	temporal	gradients	in	Surface	

Temperature	as	one	of	the	most	direct	
diagnos=cs	of	ET	

•  Atmosphere	Land	Exchange	Inverse	(ALEXI:	
Anderson	et	al.,	1997,	2007)	

Thermal	Infrared	(TIR)	implementa=ons		
(USDA/NOAA)	
•  Using	TIR-LST	allows	to	integrate	

measurements		from	field	to	con=nental	
scales	depending	on	applica=on:		
•  Field	Scale:	crop	water	use	
•  Regional	scale:	early	indicator	of	

agricultural	drought	
•  Con0nental	to	global	scales:			

Confron=ng	LSM	with	observa=ons		
•  MODIS-LST	implementa=on	(Chris	Hain,	

NOAA)	.	Global	5km,	7-day	product	2001-
Present	

Microwave	LST	implementa=on		
(NOAA/NASA/USDA)	
•  In	evalua=on.	Test	run:	Global	0.25	degree,	

7-day	product	2003-2013	
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July	28,	2016	 NASA	Hydrological	Sciences	Lab:	ET	 4	

Cumula=ve	-	Clear	Sky	-	Evapotranspira=on	(mm)		
Jul/Aug/Sep	(2004)	

TIR-ALEXI	
underes=mates	ET	over	
Ethiopian	highlands:	
MW	looks	more	realis=c	

Cloud	issues	in	TIR	
LST	result	in	low		ET	
values	in	tropics:	
MW	looks	more	
consistent	

TIR-ALEXI	 MW-ALEXI	

Microwave	Implementa=on	of	ALEXI	
3-month	totals 
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Anomaly	
analysis	
with	MW-
ALEXI		

ESI	12week	
moving	window		




June	7th,	2011	

ESI	=	standardized	
anomalies	in	ET/RefET	
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Anomaly	
analysis	
with	MW-
ALEXI		

ESI	12week	
moving	window		




ESI	=	standardized	
anomalies	in	ET/RefET	
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Mission Development


•  ThermaSat	(PI:	Alicia	Joseph,	Code	617)	
•  Propose	to	fly	a	thermal	instrument	with	(SWIR)	Shortwave	Infrared	band	
in	same	orbit	with	European	Space	Agency’s	(ESA’s)	Sen=nel	2	mission.		
This	will	afford	the	near-simultaneous	collec=on	of		Visible	(VIS)/Near	
Infrared	(NIR)/SWIR	and	TIR	data	for	ET	retrievals	at	a	consistent	=me	of	
day,	with	10-day	revisit	=me.			

•  NRC	Decadal	Survey:	
•  Joseph	et	al	2016:	“Characterizing	evapotranspira=on,	ecosystem	
produc=vity	and	water	stress	to	address	global	food	and	water	security”,	
whitepaper	in	response	to	ESAS	2017	Request	for	Informa0on	#2	

•  Our	vision	for	combining	thermal	(high	res),	with	microwave	(cloud	
tolerant),	and	hyperspectral	(ecosystem	physiological	responses)	into	a	
mission	to	es=mate	ET	and	its	source	components	for	Agricultural,	
Weather	and	Climate	applica=ons.		

	

July	28,	2016	 NASA	Hydrological	Sciences	Lab:	ET	 7	



An Integrated Hydrologic 
Modeling and Data 
Assimilation Framework

R ecent advances in remote sensing tech-
nologies have enabled the monitoring and 
measurement of Earth’s land surface at an 
unprecedented scale and frequency. Such 
observations provide a huge volume of valu-

able data about Earth’s land surface conditions, such 
as vegetation, water, and energy fluxes. These obser-
vations must be integrated with state-of-the-art land-
surface model (LSM) forecasts using data assimilation 
tools to generate spatially and temporally continuous 
estimates of environmental conditions. These analy-
ses will subsequently provide decision makers with 
the resources to address socially relevant issues such 
as water resources, agricultural management, hazard 
mitigation, and mobility assessment. Thus, integrating 
observation and modeling systems is critical for a vari-
ety of hydrologically relevant environmental research 
and operational applications. 

The need to develop modeling systems that identify 
and represent connections between land-surface hydrol-
ogy and different components of the Earth system1 pro-
vides another key requirement for advancing hydrologi-
cal prediction capabilities identified by the land-surface 
hydrology community. For example, several studies have 
examined the dependence and sensitivity of atmospheric 
processes to the land-surface boundary.2-6 These studies 

demonstrate the impact of the land surface’s moisture 
state in modulating the formation of cloud fields and the 
initialization of convective precipitation events. There-
fore, coupled systems that can represent the connections 
between relevant Earth system components are essential 
to improving hydrologic prediction capabilities. 

LAND INFORMATION SYSTEM
The need for an integrated system that enables the 

combined use of high-resolution observations and mod-
eling tools led to the development of the NASA Land 
Information System.7,8 LIS itself evolved from two earlier 
efforts: the North American Land Data Assimilation Sys-
tem (NLDAS)9 and the Global Land Data Assimilation 
System (GLDAS),10 which focused primarily on improv-
ing numerical weather prediction skills by improving the 
characterization of the land surface conditions. How-
ever, these systems were employed at the fairly coarse 
spatial scales of 1/8 and 1/4 degree, respectively. LIS not 
only integrates the capabilities of these two systems, but 
also enables modeling and data assimilation at higher 
spatial and temporal resolutions. 

LIS features a high-performance and flexible design, 
provides an infrastructure for data integration and 
assimilation, and operates using an ensemble of LSMs 
for extension over user-specified regional and global 

The Land Information System (LIS) is a multiscale hydrologic modeling and data assimilation 

framework that integrates the use of satellite and ground-based observational data products 

with advanced land-surface modeling tools to aid several application areas, including water 

resources management, numerical weather prediction, agricultural management, air quality, 

and military mobility assessment.
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James Geiger, and Charles Alonge, NASA Goddard Space Flight Center

John Eylander, HQ Air Force Weather Agency
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Land Surface Modeling and Data Assimilation 
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Snow water equivalent 
(AMSR-E, SSM/I, 

SCLP) 

Land surface temperature 
(MODIS, AVHRR,GOES,… ) 

Precipitation  
(TRMM, GPM) 

Radiation  
(CERES, CLARREO ) 

Vegetation/Carbon  
(AVHRR, MODIS, DESDynI, 

ICESat-II, HyspIRI, LIST, 
ASCENDS ) 

Surface soil moisture  
(SMMR, TRMM, AMSR-E, 
SMOS, Aquarius, SMAP) 

Terrestrial water storage (GRACE) 

Water surface elevation 
(SWOT) 

Snow cover fraction  
(MODIS, VIIRS, MIS) 

Remote sensing data for land data assimilation 
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fore, coupled systems that can represent the connections 
between relevant Earth system components are essential 
to improving hydrologic prediction capabilities. 

LAND INFORMATION SYSTEM
The need for an integrated system that enables the 

combined use of high-resolution observations and mod-
eling tools led to the development of the NASA Land 
Information System.7,8 LIS itself evolved from two earlier 
efforts: the North American Land Data Assimilation Sys-
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spatial scales of 1/8 and 1/4 degree, respectively. LIS not 
only integrates the capabilities of these two systems, but 
also enables modeling and data assimilation at higher 
spatial and temporal resolutions. 

LIS features a high-performance and flexible design, 
provides an infrastructure for data integration and 
assimilation, and operates using an ensemble of LSMs 
for extension over user-specified regional and global 
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framework that integrates the use of satellite and ground-based observational data products 
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resources management, numerical weather prediction, agricultural management, air quality, 
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How do we combine the information from 
satellite observations and models?  

Models Observations 

+

Data assimilation is the method used to incorporate 
observational data into model forecasts 

Like a “sleepy-driver” 
scenario 



Land Data Assimilation Systems 

Kumar et al. (2006): Land Information System: An interoperable Framework for High Resolution Land Surface Modeling, 
Environmental Modeling and Software, Vol 21, pp 1402-1415. 


  NASA develops remote sensing and modeling 
techniques to improve our understanding of 
stocks (soil moisture, snow) and fluxes 
(evaporation, runoff) of the water cycle through 
the development of Land Data Assimilation 
Systems (LDAS) 
  Land Information System (LIS; lis.gsfc.nasa.gov) 

  Flexible software that enables LDAS 
instances 
  Multiple data assimilation options 
  Used for operational/routine land modeling 

support at 557th Weather Wing USAF, NOOA 
NCEP, NOAA NOHRSC, USAID, among 
others.  

  Global scale (GLDAS), North America (NLDAS 
and the National Climate Assessment NCA-
LDAS), Africa (FLDAS) 

GLDAS 
FLDAS 

NLDAS 
& NCA-
LDAS 

http://lis.gsfc.nasa.gov 
http://ldas.gsfc.nasa.gov 
http://disc.sci.gsfc.nasa.gov/hydrology 



Impact of LDA 
on drought 
estimates 
(Sep, 2012).  US drought 

monitor 

Multivariate assimilation of satellite-derived remote sensing datasets  in 
the National Climate Assessment LDAS 

The concurrent, multivariate assimilation of various 
terrestrial hydrological datasets (soil moisture, snow 
depth, snow cover, terrestrial water storage, irrigation 
intensity) has been demonstrated for the NCA LDAS.  

LSM based 
drought estimate 

LSM based drought 
estimate with data 

assimilation 

SOIL MOISTURE:  Daily soil 
moisture based from SMMR, 

SSM/I, AMSR-E, ASCAT, SMOS, 
Aquarius, AMSR2

Terrestrial 
Water Storage: 

Monthly TWS 
anomalies from 

GRACE

Irrigation 
Intensity:
from MODIS

SNOW: Snow depth 
measurements from SMMR, 

SSM/I, AMSR-E, AMSR2, snow 
cover measurements from 

MODIS, AVHRR, VIIRS

Noah

CLSM

Noah

CLSM

Multivariate assimilation of satellite 
remote sensing datasets are helpful in 
improving water budget components, 
including streamflow 

Kumar et al. (2014):Assimilation of remotely sensed soil moisture and snow depth retrievals for drought estimation, J. Hydromet., 10.1175/
JHM-D-13-0132.1


Kumar et al. (2016): Assimilation of gridded GRACE terrestrial water storage estimates in the North American Land Data Assimilation 
System, J. Hydromet., 10.1175/JHM-D-15-0157.1


objective drought indicators (primarily precipitation
based) and by subjective input from a network of local
and regional experts (Svoboda et al. 2002). Agreement
between a CLSM simulation and USDM can then be
reasonably interpreted as an indicator of the simula-
tion’s realism, but areas of disagreement do not neces-
sarily mean that the model or assimilation scheme are
‘‘wrong.’’ The USDM product in any given week might
be influenced by expert opinion of a drought’s current
impact on a region, while the modeling system simply
tries to quantify soil moisture deficits. In addition, the
USDM objective indicators tend to be focused on me-
teorology and its impacts on soil moisture, while
GRACE DA is designed to improve simulation of un-
confined groundwater as well.
Finally, there is some difficulty in comparing GRACE

DA results toUSDMafter the fall of 2011, whenGRACE

DA–based drought indicators began to be provided to the
USDM authors (Houborg et al. 2012). Therefore, agree-
ment between the two products since that time might
simply indicate that the USDMauthors are making use of
GRACE DA information when generating their drought
maps. On the other hand, open-loop NLDAS model-
based drought indicators are also used by the USDM
authors. That said, the GRACE DA and NLDAS data
comprise only one of about five categories of input data
considered by the USDM authors. The question of
whetherGRACEDAhas impactedUSDM is a subject of
active study, and early results are inconclusive.

4. Summary

This article examines the impact of assimilating grid-
ded GRACE TWS data for improving land surface

FIG. 12. Comparison of the drought percentile maps from (center) OL and (right) DA-TWS integrations against (left) the corresponding
USDM estimate for four representative cases.
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Summary 
  Land Data Assimilation Systems have been developed for central North 

America (NLDAS, NCA-LDAS), Africa (FLDAS) and the globe (GLDAS) 

  The common goal of these projects is to integrate all relevant data in a 
physically consistent manner within sophisticated land surface models to 
produce optimal estimates of hydrological states (e.g. soil moisture, surface 
temperature) and fluxes (e.g. runoff, evapotranspiration) 

  The Land Information System (LIS) is an efficient and configurable software 
that can be used to specify an instance of LDAS 

  LDASs have been used for water availability applications including drought/
flood monitoring, agricultural management, weather and climate 
initialization.  
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Original	MODIS	product	distribuBon	system:	
hFp://oas.gsfc.nasa.gov/floodmap	
		

ConBnental	Ble	index	 Specific	Ble		
• 		Date	selector	
• 		Available	product/format	downloads	



Image	Services	Approach:		Example	display	/	query	online	w/	ArcGIS	Server	
Zoom	to	detail,	change	of	basemap	layer,	viewing	date,	etc.	

					Landsat	water	
					MODIS	flood	



Automated	MODIS	Flood	Map		
ProducBon	System	

•  Fully	automated	(since	Nov	2011)	
	
•  223		10x10°	Bles	x	3	products	(2-day,	3-day,	14-day)	=	669	daily	product	suite	

generated	

•  1-day	composite	producBon	mode	
	
•  Product	suites	include:	geoBffs,	shapefiles,	KML	(Google	Earth),	and	graphic	

maps	(png)	
	
•  Products	typically	available	within	6	hours	of	Aqua	overpass	(~	8:00	PM	local	

Bme)	
	
•  Delivery	via	web	download,	and	(from	June	2014)	via	live	ArcGIS	Image	

Services	



Working	on	SenBnel-1,	-2	
Flood	Mapping	Capability	

SenBnel-2		Southern	Europe	SenBnel-1		Lake	Chad	
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Comments/	QuesBons	?	



Pakistan	Flooding	–	Sept	2014	



Landsat	Water	Product	
Features:	
•  30	m	resoluBon	can	provide	useful	detail	when	available	(MODIS	is	at	250	m)	
•  AddiBonal	spectral	bands	improve	water	detecBon	(we	use	a	mulB-index	algorithm)	
•  Automated	processing	of	Landsat	7	and	8	imagery	when	available	from	USGS	(typically	

several	hours	aker	10:30AM	local	Bme	acquisiBon	for	Landsat	8)	
•  Processing	triggered	only	for	targeted	scenes	of	interest	

–  Scenes	targeted	based	on	flood	alerts	(Stuart	Frye’s	geoBPMS	system)	

					Landsat	water	
					MODIS	flood	



Example:	MODIS	flood	product	+	Landsat	water	product	



Example:	MODIS	flood	product	for	one	Ble,	17-Sep-12	(Pakistan	event)	

Landsat	footprint	
~	185	x	185	km	



Permanent	
Water	

DetecBon	
RaBng	

Flood	
DetecBon	
RaBng	



UN	Office	for	the	CoordinaBon	of	Humanitarian	Affairs	
GeoSUR	

MapAcBon	

World	Food	Program	

NRCC	–	NaBonal	Response	CoordinaBon	Center	

SelecBon	of	end	users	
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Applied Sciences Por=olio at GSFC


NASA/HQ	
Applied	

Sciences	&	
R&A	Programs	

Reimbursable	
Projects	Technology	
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Water	and	Energy	
Cycle	

Terrestrial	Hydrology	

Cryospheric	Science	

Land	Cover/Land	use	

Agreements	with:	Air	Force,	
Army,	DOE,	Academia,	NOAA,	
USAID,	USFS,	among	others	

Data	systems,	Decision	
Support	Tools,	technology	
development	programs	



Disaster Response
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•  Disaster applicaBon science answering 
quesBons and supporBng decisions 
transforming EO data and research results 
into environmental intelligence


•  CoordinaBon and collaboraBon informing 
brokers, managers, and responders with 
criBcal products and services 


•  CreaBon and leverage of partnerships 
strengthening and enabling effecBve 
response throughout the disaster lifecycle




Examples	of	Daily	NASA	Products	Provided	to	FEMA	via	the	U.S	Hazard	
Data	DistribuAon	System	for	Disaster	Response.		
Top	L.	NASA's	Integrated	MulA-satellitE	Retrievals	for	GPM	(IMERG)	
showed	historic	rainfall	in	the	Carolinas.		
Top	R.	NASA’s	Land	InformaAon	System	running	operaAonally	at	MSFC	
using	NOAA	Stage	IV	precipitaAon	and	other	forcing	inputs	produced	
analyses	and	short	term	forecasts	of	soil	moisture	and	other	parameters	
(SpORT)	
BoGom	R.	VIIRS	nigh_me	environmental	products	provided	for	
detecAon	of	technological	failures	(power	outages	and	infrastructure	
damage).	

NASA	Observes	Historic	Rainfall	
Amounts	for	Nor’easter	and	Joaquin	

8/1/16	 NASA	FLOOD	WORKSHOP	



Water Resources
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8/1/16	
NASA	FLOOD	WORKSHOP	

hbp://arset.gsfc.nasa.gov/	



Technology

	 EOSDIS:	Earth	Observing	System	Data	and	InformaAon	
System		
◦  EOSDIS	is	designed	as	a	distributed	system,	with	major	faciliAes	at	Distributed	Ac1ve	
Archive	Centers	(DAACs)	located	throughout	the	United	States.	

	 LANCE:	Land,	Atmosphere	Near	Real-Ame	Capability	
for	EOS	
◦  Provide	near	real-Ame	(NRT)	data	products	within	3	hours	of	observaAon	to	meet	
the	Amely	needs	of	applicaAons	users.	

	 AIST:	Advanced	InformaAon	Systems	Technology	(AIST)	
◦  The	objecAves	of	the	AIST	program	are	to	idenAfy,	develop	and	(where	appropriate)	
demonstrate	advanced	informaAon	system	technologies	

8/1/16	 NASA	FLOOD	WORKSHOP	



8/1/16	

Mission ApplicaBons




Goals for Applied Science 
AcBviBes

1.  IdenAfy	core	capabiliAes	across	GSFC	and	other	NASA	

Centers	related	to	the	applied	sciences	pordolio	

2.  Promote	and	expand	the	reach	of	NASA	data,	products,	
models,	technology	and	within	end	user	communiAes	

3.  Foster	and	expand	partnerships	with	other	NASA	
centers,	government	agencies,	NGOs,	commercial	and	
private	sectors	

4.  Establish	two-way	feedback	channels	to	communicate	
potenAal	opportuniAes	to	the	NASA	and	end	user	
communiAes	
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