
Synthetic 
experiments are 
consistent with 
results from 
AMSR-E 
assimilation.

AMSR-E (∆):
∆R=0.06

SMMR (□): 

∆R=0.03
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Motivation and Objective

The Soil Moisture Active and Passive (SMAP) 
mission is being developed by NASA for launch in 
2014.  Primary science objectives are to enhance 
understanding of land surface controls on the water, 
energy and carbon cycles, and to determine their 
linkages.  Moreover, SMAP high-resolution soil 
moisture mapping has practical applications in 
weather and seasonal climate prediction, agriculture, 
human health, drought and flood decision support.  

We provide an overview of planned SMAP data 
products and potential applications with a focus on 
the SMAP Level 4 Surface and Root-Zone Soil 
Moisture (L4_SM) product.  The high spatial 
resolution (~10 km) of the combined radar-
radiometer SMAP soil moisture data products will 
allow the scientific community to address some of 
the grand challenges regarding the role of water 
cycle in the climate system and to further our 
understanding of climate variability and climate 
change impacts.  

Platform and instruments

L-band (1.4 GHz) synthetic aperture radar (active) and 
radiometer (passive) with 6-m rotating antenna

Orbit: Sun-synchronous, ~680km altitude

6am/pm overpass

Swath width: 1000 km

Resolution:  1-3 km (radar), 40 km (radiometer)

Revisit: 2-3 days

Duration: 2014-17

Sensing depth: ~5 cm

Science objectives

• Global land surface 
water, energy, and 
carbon fluxes.

• Enhance weather 
and climate forecast 
skill.

• Improve flood 
prediction and 
drought monitoring.

Soil 

freeze-

thaw 

drives 

boreal 

carbon 
balance(Cahill et al., 1999)

Latent 

heat flux 

depends 

on soil 

moisture
(Frolking et al., 1996)

SMAP directly measures 
only surface soil moisture! 

Soil moisture
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7 days~ 10 km Surface & Root-zone Soil MoistureL4_SM

SMAP Baseline Science Data Products

Abbreviation Description Resolution Latency

L1B_S0_LoRes Low Resolution Radar Backscatter (σo) ~ 30 km 12 hours

L1C_S0_HiRes High Resolution Radar Backscatter (σo) ~ 1-3 km 12 hours

L1B_TB Radiometer Brightness Temperature (T
B
) ~ 40 km 12 hours

L1C_TB Radiometer Brightness Temperature (T
B
) ~ 40 km 12 hours

L3_F/T_HiRes Freeze/Thaw State ~ 3 km 24 hours

L3_SM_HiRes Radar Soil Moisture (internal product) n/a n/a

L3_SM_40km Radiometer Soil Moisture ~ 40 km 24 hours

L3_SM_A/P Radar/Radiometer Soil Moisture ~ 10 km 24 hours

L4_C Carbon Net Ecosystem Exchange ~ 10 km 14 days

SMAP obs. 
(subject to error)

Improved surface and 
root-zone soil moisture, 

surface fluxes, etc.

Assimilation
Surface and root-

zone soil 
moisture, soil 
temperature, 

surface fluxes, …
(subject to error)

Land model
(subject to error)

Surface 
meteorology

(subject to error)

Land surface 
parameters

(subject to error)

Assimilating SMAP data into a land model driven with observation-based 
forcings (incl. precipitation) yields:

(1) a root zone moisture product (reflecting SMAP data)

(2) an improved surface product 

(3) a complete and consistent estimate of soil moisture & related fields

Soil moisture [m3/m3]

Validate with USDA SCAN 
stations (only 36 of 103 
suitable for validation)

Assimilate AMSR-E

surface soil moisture 
(2002-09) into NASA 
Catchment model.

Assim.ModelAMSR-EN

Assim.ModelAMSR-EN

Anomaly R 
time series correlation coeff. v. in situ observations, with 95% confidence interval

.47±.01.38±.01.42±.0136Surface s.m.

.45±.01.37±.01n/a32Root zone s.m.

0.0360.039n/a32Root zone s.m.

0.0480.0510.04936Surface s.m.

Anomaly RMSE 
v. in situ observations [m3/m3]

Results UPDATED from Reichle et al. (2007) J Geophys Res, doi:10.1029/2006JD008033.

Anomalies ≡ Daily data with mean seasonal cycle removed

Example: Skill of 
anomalies in terms of 
R (=anom. time series 
correlation coeff. v. 

synthetic truth).

Each plus sign indicates 

result of one 19-year
assimilation integration 

over Red-Arkansas 
domain.

Contour surface shows 

skill improvement of 
assimilation estimates 

over model estimates.

Investigate a range of obs and model errors by 
assimilating synthetic soil moisture retrievals.

Skill (R) of retrievals (surface soil moisture)

Skill improvement of assimilation over model (∆R)
(root zone soil moisture)
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0.0050.0310.036n/aHighRoot zone soil 

moisture 0.0070.0310.038n/aLow

0.080.630.55n/aHighRoot zone soil 

moisture

0.130.540.410.70Low

0.080.710.630.78HighSurface soil 

moisture

Expected anomaly R

Source: 1SMAP measurement requirements.  2AMSR-E/USDA/SCAN results.  3OSSE results.

0.130.590.46n/aLow

|∆|L4_SM3Model2,3L3_SM1,3 

(A/P) 

Skill 

scenario

Expected anomaly RMSE [m3/m3]

0.0120.038*0.0510.037*Low

0.0120.035*0.0460.028*HighSurface soil 
moisture

Assimilation of SMAP obs will provide improvements (over model) of 
~0.01 m3/m3 for surface and ~0.005 m3/m3 for root-zone soil moisture.

L4_SM is expected to meet the 0.04 m3/m3 error requirement.

SMAP Data Products

SMAP directly observes surface soil moisture (top 5 cm).  Several of the key applications 
targeted by SMAP, however, require knowledge of root zone soil moisture (~top 1 m), which 
is not directly measured by SMAP.  The foremost objective of the SMAP L4_SM product is 
to fill this gap and provide estimates of root zone soil moisture that are informed by and 
consistent with SMAP observations.  Such estimates are obtained by merging SMAP 
observations with estimates from a land model in a soil moisture data assimilation system.  

1.)

2.) 3.)

Assimilation 
parameters 

(subject to error)

L4_SM Uncertainty 
Estimates

Uncertainty estimates 
for the SMAP L4_SM 
product can be derived 
from a combination of 
assimilation 
experiments using 
AMSR-E and synthetic 
soil moisture retrievals.

Interpret synthetic experiments for SMAP.

Land model uses 

precipitation obs.; 

describes vertical 

moisture transfer 

between surface 

and root zone; 

interpolates and 

extrapolates 

SMAP obs. in 

time and space. 

*L4_SM skill 
appears 
worse than 
L3_SM skill 
because of 
OSSE 
legacy 
constraints.

|∆| ≡ |Model – L4_SM|    
(skill contribution of SMAP 
over model)


