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NOAA Satellite Research to Operations 
Transition Survey 

for 
NASA Soil Moisture Active and Passive (SMAP) 

 
Background:  
As the 1st Decadal Survey Mission of NASA, the Soil Moisture Active and Passive (SMAP) mission will 
provide the first global-scale soil moisture and freeze/thaw measurements with better spatial resolution 
and sensing depth than current satellite platforms provide. The main scientific justifications for the SMAP 
mission are the following facts that are well documented in major research publications:  
1) Soil moisture and freeze/thaw measurements directly impact the accuracy of numerical weather, 

seasonal climate and hydrologic model predictions. With reliable soil moisture data, a numerical 
weather prediction model could improve severe rainfall forecasts considerably in the Rocky Mountain 
and Great Plains regions. The timing and intensity could be adversely affected by lack of good soil 
moisture estimates in the forecast models. 

2) High soil moisture levels correspond to enhanced risks of flooding and landslides. Accurate soil 
moisture measurements could greatly improve flash flood and river flow forecasts. 

3) Consistent low soil moisture values are a direct indicator of drought occurrence.  More frequent, 
accurate and spatially complete soil moisture measurements are critical to drought monitoring and 
early warning. 

4) The freeze/thaw state of the land surface and soil moisture are directly related to the release rates of 
soil CO2, methane and other atmospheric trace gases in Boreal and wetland regions. Accurate 
observations of freeze/thaw states and soil moisture could reduce the uncertainty in the global 
atmospheric trace gas budget and improve global change monitoring. 

5) Soil moisture levels are also related to wild fire potential estimate, military mobility assessment, 
infectious disease breakouts (e.g, dengue fever, malaria, etc). 

In summary, soil moisture and freeze/thaw data from SMAP are critical for forecasts of severe rainfall, 
flooding, droughts, landslides, atmospheric CO2 budget, and human health.  
 
NOAA Benefits:  
The five major SMAP data application areas listed above will directly benefit NOAA operations and 
research: 
1) Numerical weather and seasonal climate predictions at NWS-NCEP. NCEP Global Forecast System 

(GFS) and mesoscale models are currently using precipitation data to estimate soil moisture through 
the Noah land surface model. Errors of these estimates could be high. With lower errors, SMAP soil 
moisture observations could greatly improve NCEP numerical weather and seasonal climate forecasts. 

2) Hydrologic forecasts models at NWS-OHD currently depend on the Sacramento model to estimate 
soil moisture. The more reliable SMAP soil moisture and freeze/thaw measurements will 
considerably improve OHD Flash Flood Guidance, River Forecasts, drought monitoring applications, 
and soil moisture products. 

3) The US Drought Monitor published weekly by NWS-NCEP Climate Prediction Center (CPC) is also 
using the soil moisture estimates from the Noah and other land surface models. Assimilating more 
accurate top layer SMAP soil moisture observations could make the root-zone soil moisture 
estimation more reliable and in turn improve the reliability of the US Drought Monitor. The drought 
monitor information directly impacts agriculture productivity forecasts, water management, world 
crop commerce and national security. 

4) Global change researchers at NOAA-OAR are currently relying on point observations of trace gas 
release rates from the soil surface in Boreal and wetland regions. Continuous SMAP freeze/thaw and 
soil moisture measurements could reduce the uncertainty in climate forecasts relating to the 
atmospheric trace gas budgets and advance their climate change research.  
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5) The NESDIS Satellite Analysis Branch (SAB) has an interpretive wildfire monitoring 
operation that could utilize continuous SM measurements over the US to augment their 
satellite-based fire observations and provide value-added fire potential estimates to the NWS. 

 
In summary, SMAP soil moisture and freeze/thaw data products support several NOAA Mission Goals: 
Weather & Water, Climate, Commerce and Transportation. 
 
SMAP Mission Specs: 
Launch Date:    2014 
Mission Life Time:   3 yrs. 
Instrument:    A 1.41 GHz microwave radiometer and a 1.26 GHz radar 
Orbit:   98O inclination, Sun sync,  

1-3 day revisit time,  
6am/6pm LTAN 

Swath width:    1,000-km 
Resolutions:    radiometer 40km,  

radar 1-3 km,  
merged data product 10-km 

Sensing depth:    5cm 
Technology readiness:  level 7 
Coverage:    Whole Earth 
Data Products:   10km and 40km soil moisture 
    3km freeze/thaw state 
 
SMAP Limitations:  
1) The best SMAP data latency is 12 hours: 

• This limitation is caused by the NASA research mission resources; 
• NOAA could improve the latency to 3-4hours with a data downlink directly from SMAP ground 

station rather than the SMAP data center; 
• NOAA could even further improve the data latency by using NOAA NESDIS Safety-Net to 

receive SMAP swath data; 
• NWS-NCEP Global Forecast System (GFS) requires a better than 6-hours data latency because 

the operational GFS runs every 6 hours; 
• NWS-OHD flash flood monitoring and forecast applications would benefit most from <12 hour 

SMAP data latency due to the rapid nature of flash flood events. 
2) Penetration depth is only 5cm. A penetration depth of 1 meter is desired:  

• The L-band radiometer with a 5-cm penetration depth is the state-of-the-art technology available 
currently and in the foreseeable future; 

• The top 5cm soil moisture observations can be used to derive or improve the deeper layer soil 
moisture observations. Deeper layer (~1 meter) soil moisture data will be one of the SMAP Level 
4 data products too although they may fit only climate analysis/forecast applications because they 
will be available 7 days after observations; 

• NWS-NCEP and NWS-OHD are collaborating with NESDIS-STAR to build a data assimilation 
infrastructure to take advantage of the top 5-cm soil moisture observations to infer deeper layer 
soil moisture values; 

3) The center portion (250km) of the swath is not observed by the radar with 1-3km resolution:  
• The other portion (750km) can still cover the whole Earth within 3 days; 
• The radiometer coverage is the whole swath width.  


