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• Part	1:	Impact	of	soil	moisture	initial	conditions	
derived	from	models	and	observations	on	short-term	
weather	prediction

• Led	by	Joe	Santanello
• Modeling	study

• Part	2:	Irrigation	signals	detected	from	SMAP	soil	
moisture	retrievals

• Lawston	et	al.	2017,	Geophysical	Research	Letters
• Observational	 study

Outline
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• Understand	the	behavior	and	variability	of	SMAP	soil	moisture	
retrievals	and	their	relationship	to	LSM	output	and	in-situ	data

• Experimental	design:
• US	Southern	Great	Plains
• NASA’s	Land	information	System	
(LIS)	with	Noah	LSM

• Domain:	1100x750	@	1	km	
resolution

• LIS	spinup:	1	Jan	2011	– 31	Dec	
2016

• Control	Run:
• NLDAS-2	forcing
• Climatological	greenness	(GVF)

• Permutations:
• Forcing	(NLDAS-2	v.	GDAS)
• GVF	(Climatological	v.	VIIRS)
• Soil	Layer	(0-10cm,	0-5cm,	0-2	

cm)

• Datasets:
• SMAP	L3	Enhanced	product
• ARM-SGP	data

• EBBR/ECOR	flux	towers
• EBBR,	SWATS	soil	moisture	 (pre-

2016)
• STAMP	soil	moisture	 (2016-on)

Compare	LSM	v.	SMAP	v.	in-situ
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• Intercompare	 a	suite	of	land	surface	 (including	SMAP-infused)	
initialization	approaches	 in	WRF	and	their	resultant	downstream	
impacts	on	coupled	prediction

Impacts	of	soil	moisture	ICs	on	NWP
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Initialization Source Forcing GVF
LIS (Control) NLDAS-2 Climatology 
LIS (GDAS) GDAS VIIRS
LIS (VIIRS) NLDAS-2 VIIRS

CNLDAS NLDAS-2 Climatology
NARR NARR Climatology
GFS GFS Climatology

SMAP & NARR NARR -
SMAP & NLDAS-2 NLDAS-2 -
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NARR drier by 
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NARR much 
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Land surface erodes atmospheric IC

PBL erodes atmospheric IC PBL and LS erode atmospheric IC

GFS drier 
due to ICs 
and 
persists
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7pm

Atmospheric IC persists

Impact	of	Atmospheric	v.	Land	Surface	ICs
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Part	1:	Discussion

• SMAP	products	look	 good	overall	 compared	to	LSMs,	in-situ,	and	
for	irrigation	detection

• Captures	the	overall	heterogeneity	and	dynamics	of	soil	moisture	in	the	region
• 9	km	enhanced	product	is	useful;	supports	use	for	DA	and	calibration	runs
• There	remains	an	‘observability’	issue	between	LSM	and	observed	soil	moisture

• Impact	of	soil	moisture	 initialization	 can	be	understood	via	process-
level	 analysis	 (LoCo)

• Bulk	impacts	on	Fx statistics	are	not	always	straightforward	or	systematic,	involve	
complex	L-A	feedbacks

• Any	improvement	in	prediction	 (T,	RH,	Precip)	can	be	the	right	answer	for	the	
wrong	(or	unknown)	reasons

• Positive	impacts	of	soil	moisture	or	other	land/LSM	developments	may	be	
diminished	due	to	atmospheric	ICs	and	inherent	biases	of	the	coupled	system

• Any	degradation	 in	prediction	can	be	the	wrong	answer	for	the	right	reasons	
(e.g.	improved	land	surface)

• Understanding	the	coupling	therefore	becomes	critically	important	to	identifying	
the	how/why	of	forecast	impacts
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Data	&	Methods

CRV

CCV

SLV

• Three	case	study	regions:
1. Sacramento	Valley,	California	(CCV)
2. San	Luis	Valley,	Colorado	(SLV)
3. Columbia	River	Valley	(CRV)

• Datasets:
1. SMAP	Enhanced	soil	moisture
2. NCEP	Stage	IV	daily	precipitation
3. MODIS	Terra	true	color	reflectance
4. US	Dept	of	Ag	crop	bulletins

• Analyzed	in	three	ways:
1. Spatially	in/out	of	growing	season
2. Temporally	at	irrigated/non-

irrigated	points
3. Time	integrated	&	normalized	

precip/soil	moisture	metric

From	Salmon	et	al.	(2013)
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Soil	Moisture/Rainfall	Metric
• Concept:	High	soil	moisture	co-located	with	low	precipitation	may	
indicate	irrigation

ØAnalyze	soil	moisture	and	precipitation

• Method:	For	precip and	SM	in	each	study	area	

1) Accumulate	values	over	 time	(June	&	July	2016):

𝛽𝑗𝑖 = %𝑥𝑗𝑖(𝑡)
*

+,-

2)	Normalize:

𝑁𝑗𝑖 = 	
𝛽𝑗𝑖	 − min	(𝛽)	

max 𝛽 − min	(𝛽)

• Result:	Relative	 (to	each	region	and	time	period)	measure	of	
wettest/driest	 (SMAP)	and	rainiest/least	 rainy	(precip)	 areas.
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Conclusions
• In	three	semi-arid	regions,	SMAP	is	able	to	detect	the	
bulk	seasonal	timing	and	spatial	signal	of	irrigation	via	
elevated	soil	moisture	relative	to	adjacent	non-irrigated	
regions

• Flood	irrigation	is	easiest	to	detect

• Limitations	apply

• Future	work	will	apply	these	approaches	globally	and	
will	use	SMAP-Sentinel	downscaled	1 km	soil	moisture
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surface fluxes

PBL evolution

entrainment fluxesentrainment fluxes

surface fluxes

soil moisture

Santanello et al. 2007; 2011

SM EFsm PBL ENT EFatm P/Clouds
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Can	SMAP	detect	irrigation?
Concept:

• In	these	known	irrigated	areas,	low	precipitation	consistently	co-located	with	high	soil	
moisture	may	indicate	irrigation

→ Compare	precipitation	(Stage	IV	analysis)	and	SMAP	soil	moisture

Method:

For	precip and	SM	in	each	study	area:	

1) Accumulate	values	over	time	(June	&	July	2016):

𝛽𝑗𝑖 = %𝑥𝑗𝑖(𝑡)
*

+,-

2)	Normalize:

𝑁𝑗𝑖 = 	
𝛽𝑗𝑖	 −min	(𝛽)	

max 𝛽 − min	(𝛽)

Result:

Relative	(to	each	region	and	time	period)	measure	of	wettest/driest	(SMAP)	and	rainiest/least	
rainy	(precip)	areas.



Motivation

• Irrigation	can	influence	weather	and	climate,	but	
impacts	of	irrigation	are	poorly	represented	in	models,	
if	included	at	all.

• Satellite-based	irrigation	detection	via	soil	moisture	can	
help	but	has	been	limited	to	date	(SMOS,	AMSRE,	
ASCAT,	etc.)

• This	study	explores	the	utility	of	the	NASA’s	new	Soil	
Moisture	Active	Passive	(SMAP)	satellite	for	identify	
irrigated	regions	and	timing.
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LIS - OPT/UE

Optimization and Uncertainty Estimation
(LM, SCE-UA,GA, RW-MCMC, DEMC)

Land Surface Models (Noah, 
CLM, VIC, Catchment, JULES, 
Sacramento, CABLE), Lake 

models (FLake)

Water and Energy 
Fluxes, Soil Moisture and 

Temperature profiles, 
Land surface states

Parameters
(Topography, Soil 

properties, vegetation 
properties)

Meteorological 
Boundary Conditions 

(Forcings)

States (Soil Moisture, 
Snow, Skin 

Temperature)

Water and Energy 

Data Assimilation  (EnKF, EnKS)
LIS - DA

Observations (Soil 
Moisture, Snow, Skin 

Temperature)

x
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Hydrologic 
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