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Mo#va#on

•  Irriga&on	  can	  influence	  weather	  and	  
climate,	  but	  impacts	  of	  irriga&on	  are	  
poorly	  represented	  in	  models,	  if	  
included	  at	  all.	  

•  Satellite-‐based	  irriga&on	  detec&on	  
via	  soil	  moisture	  can	  help	  but	  has	  
been	  limited	  to	  date	  (SMOS,	  
AMSRE,	  ASCAT,	  etc.)	  

•  This	  study	  explores	  the	  u&lity	  of	  the	  
NASA’s	  new	  Soil	  Moisture	  Ac&ve	  
Passive	  (SMAP)	  satellite	  for	  iden&fy	  
irrigated	  regions	  and	  &ming.	  

Santanello	  et	  al.	  2011	  



Data  &  Methods
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•  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	  precipita&on	  
3.  MODIS	  Terra	  true	  color	  

reflectance	  
4.  US	  Dept	  of	  Ag	  crop	  bulle&ns	  

•  Analyzed	  in	  three	  ways:	  
1.  Spa&ally	  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)	  



Case  Study  1:  Sacramento  Valley

Credit:	  Cal	  Rice	  News	  Credit:	  CropScape	  (USDA	  NASS)	  



Results:  Sacramento  Valley
01	  Feb	  2016	   10	  July	  2016	  
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Results:  Sacramento  Valley

SMAP	  detects	  the	  onset	  of	  flood	  irriga&on	  in	  May	  and	  sustained,	  
elevated	  soil	  moisture	  in	  the	  flooded	  rice	  paddy	  in	  summer.	  	  

Irrigated	  

Not	  irrigated	  
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Soil  Moisture/Rainfall  Metric
•  Concept:	  High	  soil	  moisture	  co-‐located	  with	  low	  precipita&on	  may	  
indicate	  irriga&on	  

Ø Analyze	  soil	  moisture	  and	  precipita&on	  
•  Method:	  For	  precip	  and	  SM	  in	  each	  study	  area	  	  

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

𝛽𝑗𝑖=∑𝑡=0↑𝑛▒𝑥𝑗𝑖(𝑡) 	  
	  2)	  Normalize:	  

𝑁𝑗𝑖=   𝛽𝑗𝑖  −min(𝛽)  /max (𝛽) −min(𝛽) 	  
•  Result:	  Rela&ve	  (to	  each	  region	  and	  &me	  period)	  measure	  of	  we`est/
driest	  (SMAP)	  and	  rainiest/least	  rainy	  (precip)	  areas.	  



Results:  Sacramento  Valley

MODIS	  True	  color	  reflectance	  	   Integrated	  soil	  moisture	   Integrated	  rainfall	  

Rela&vely	  high	  soil	  
moisture…	  

But	  local	  minimum	  in	  
precipita&on	  



Case  Study  2:  San  Luis  Valley

Credit:	  USDA	  NASS	  

Credit:	  Alamosa.org	  



Results:  San  Luis  Valley

Rela&vely	  high	  soil	  
moisture…	  

But	  local	  minimum	  in	  
precipita&on	  

Irriga&on	  in	  the	  valley	  



Case  Study  3:  Columbia  River  Valley

Credit:	  John	  Clement	   Credit:	  CropScape	  (USDA	  NASS)	  



Results:  Columbia  River  Valley

A	  complica&ng	  
factor	  in	  this	  
region	  is	  the	  
proximity	  to	  
rivers	  and	  
lakes	  which	  
could	  
contaminate	  
the	  SMAP	  
signal.	  



Conclusions

•  In	  three	  semi-‐arid	  regions,	  SMAP	  is	  able	  to	  detect	  
the	  bulk	  seasonal	  &ming	  and	  spa&al	  signal	  of	  
irriga&on	  via	  elevated	  soil	  moisture	  rela&ve	  to	  
adjacent	  non-‐irrigated	  regions	  
•  Flood	  irriga&on	  is	  easiest	  to	  detect	  
•  Limita&ons	  apply	  
•  Future	  work	  will	  apply	  apply	  these	  approaches	  
globally	  and	  will	  use	  SMAP-‐Sen&nel	  downscaled	  
1	  km	  soil	  moisture	  



Poster	  C-‐5	  



surface fluxes!

PBL evolution!

entrainment fluxes!

surface fluxes!

soil moisture!

Santanello et al. 2007; 2011!

SM! EFsm! PBL! ENT! EFatm! P/Clouds!

Science	  Mo&va&on	  

Introduction Study 2 Study 3 Study 1 Conclusions 



Can  SMAP  detect  irriga#on?
Concept:	  

•  In	  these	  known	  irrigated	  areas,	  low	  precipita&on	  consistently	  co-‐located	  with	  high	  soil	  
moisture	  may	  indicate	  irriga&on	  

→ Compare	  precipita&on	  (Stage	  IV	  analysis)	  and	  SMAP	  soil	  moisture	  

	  

Method:	  

For	  precip	  and	  SM	  in	  each	  study	  area:	  	  

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

𝛽𝑗𝑖=∑𝑡=0↑𝑛▒𝑥𝑗𝑖(𝑡) 	  
	  	  	  2)	  Normalize:	  

𝑁𝑗𝑖=   𝛽𝑗𝑖  −min(𝛽)  /max (𝛽) −min(𝛽) 	  
Result:	  

Rela&ve	  (to	  each	  region	  and	  &me	  period)	  measure	  of	  we`est/driest	  (SMAP)	  and	  rainiest/least	  
rainy	  (precip)	  areas.	  
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help	  but	  has	  been	  limited	  to	  date	  (SMOS,	  AMSRE,	  
ASCAT,	  etc.)	  

•  This	  study	  explores	  the	  u&lity	  of	  the	  NASA’s	  new	  Soil	  
Moisture	  Ac&ve	  Passive	  (SMAP)	  satellite	  for	  iden&fy	  
irrigated	  regions	  and	  &ming.	  



36	  km	  Enhanced	  (9km)	  

Before	  
Irriga=on	  
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Irriga=on	  
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~	  80	  km	  

Results:  San  Luis  Valley


