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SMAP Program-Level Requirements (PLRA)

Current NWS Operational Flash 
Flood Guidance (FFG)

Current Operational Drought Indices by NOAA 
and National Drought Mitigation Center (NDMC) 
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Understand Processes that Link the Terrestrial Water, 
Energy, and Carbon Cycles

Radiation

Soil
Moisture

Freeze/
Thaw

4.  Enhance weather forecasts 
5.  Improve flood prediction and drought monitoring

1. Estimate global surface 
water and energy fluxes

2. Quantify net carbon     
flux in boreal landscapes 

3. Reduce uncertainty of  
climate model projections 

Approach

Droughts 

Floods

L-band (~21 cm; All-
Weather; Canopy 
Penetration; Sensing 
Depth)

6m conically scanning 
(14 rpm) antenna for
1000 km swath

Global coverage every
2-3 days



SMAP Mission Concept

L-band instruments share 6 [m] light-weight 
deployable mesh reflector. 

 1.2 GHz Radar 1-3 km (30% nadir gap) 
HH, VV and HV (Failed; 2 Months of Data)

 1.4 GHz Radiometer at 40 km (-3 dB)
H, V, 3rd and 4th Stokes

Conical scan, fixed incidence angle at 40°

Contiguous 1000 km swath  2-3 days revisit

Sun-synchronous 6am/6pm orbit (680 km)

Electronic Version at http://smap.jpl.nasa.gov/Imperative/
Now being updated with bibliography of SMAP peer-reviewed publications (1500+) and select science highlights 

Launched January 2015



Prime-Mission Status and Statistics Summary

Mission Parameter Mission Status
(thru April 2019)

Data volume ~960 TB data 
Operating time ~40,000 hours
Number of orbits ~24,000
Antenna revolutions ~32M
L1 median latency ~4 hours
L2  median latency ~12 hours 
Near-Real-Time (NRT) median latency ~80% within 3 hours



SMAP Products Status*

1. SMAP radiometer has been operating for more than 4 years 

– Completed prime mission in June 2018
– Next senior review in 2020 for extension through 2026

2. SMAP L1-L4 products distributed through NSIDC

3. SMAP-Copernicus Sentinel-1 active-passive hi-res 
(3-km and 1-km 6 to 12 days) soil moisture

4. Near-Real-Time (NRT) brightness temperature and soil moisture

5. New vegetation optical depth (VOD) product

* Required Slide



Current SMAP L1-L4 Data Product Table

Product Type Product description Gridding Granule 
Extent

L1B_TB Geolocated, calibrated brightness temperature 
in time order

36 km Half Orbit

L1B_TB_E Backus-Gilbert interpolated, calibrated 
brightness temperature in time order

9 km Half Orbit

L1C_TB Geolocated, calibrated brightness temperature 
on EASE2 grid

36 km Half Orbit

L1C_TB_E Backus-Gilbert interpolated, calibrated 
brightness temperature on EASE2 grid

9 km Half Orbit

L2_SM_P Radiometer soil moisture 36 km Half Orbit
L2_SM_P_E Radiometer soil moisture 9 km Half Orbit
L2_SM_SP SMAP radiometer/Copernicus Sentinel-1 soil 

moisture 
3 km Sentinel-1 A/B

L3_SM_P Daily global composite radiometer soil moisture 36 km Daily - Global
L3_SM_P_E Daily global composite radiometer soil moisture 9 km Daily - Global
L3_FT_P Daily composite freeze/thaw state 36 km Daily - Global
L3_FT_P_E Daily composite freeze/thaw state 9 km Daily - Global
L4_SM Surface and Root Zone soil moisture 9 km 3 hours -

Global
L4_C Carbon Net Ecosystem Exchange 9 km Daily – North of 

45 N
L1B_TB_NRT Near Real Time Geolocated, calibrated 

brightness temperature in time order
36 km Half Orbit

L2_SM_P_NRT Near Real Time Radiometer soil moisture 36 km Half Orbit



Current SMAP L1-L4 Data Product Table

Product Type Product description Gridding 
(resolution) 

Granule 
Extent

L1B_TB Geolocated, calibrated brightness temperature in time order 36 km Half Orbit
L1B_TB_E Backus-Gilbert interpolated, calibrated brightness 

temperature in time order
9 km (36 km) Half 

Orbit
L1C_TB Geolocated, calibrated brightness temperature on EASE2 36 km Half Orbit

L1C_TB_E Backus-Gilbert interpolated, calibrated brightness temperature on EASE2 g 9 km Half Orbit
L2_SM_P Radiometer soil moisture 36 km Half Orbit
L2_SM_P_E Radiometer soil moisture 9 km (36 km) Half 

Orbit
L2_SM_SP SMAP radiometer/Copernicus Sentinel-1 soil moisture 3 km (1 km) Sentinel-

1A/B
L3_SM_P Daily global composite radiometer soil moisture 36 km Daily -

Global
L3_SM_P_E Daily global composite radiometer soil moisture 9 km Daily -

Global
L3_FT_P Daily composite freeze/thaw state 36 km Daily -

Global
L3_FT_P_E Daily composite freeze/thaw state 9 km Daily -

Global
L4_SM Surface and Root Zone soil moisture 9 km 3 hours -

Global
L4_C Carbon Net Ecosystem Exchange 9 km Daily >45 N
L1B_TB_NRT Near Real Time Geolocated, calibrated brightness 

temperature in time order
36 km Half 

Orbit
L2_SM_P_NRT Near Real Time Radiometer soil moisture 36 km Half 

Orbit



Products Algorithm/Product Changes

L1B_TB/E 1. Radiometer re-calibration
2. More rigorous land/waterbody un-mixing

L2_SM_P/E 1. Revised effective soil temperature used in SM retrieval
2. AM and PM retrievals
3. Vegetation Optical Depth (VOD) retrievals

L2_SM_SP 1. Pre-filtering of high-res (20m) s0 to remove/mitigate urban areas
2. 3 km and 1 km weekly soil moisture

SMAP R16 Release Algorithm Updates



NSIDC Distribution Statistics

Number of users of SMAP data all-time by productNumber of users of SMAP data all-time by product
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Waterbody/Land Un-Mixing

Data near coastlines (~100 km) significantly improved.

Uncorrected SMAP data Corrected land brightness temperature

Similar algorithm applied to reduce land contamination on data over oceans/lakes



Waterbody Correction of 
Soil Moisture Near Coasts

2017/03 6:00 am L2_SM_P_E with antenna pattern TB water correction

2017/03 6:00 am L2_SM_P_E without antenna pattern TB water correction

Previous 
version

After 
improved 
waterbody 
correction



SMAP/Copernicus Sentinel-1 Soil Moisture Product

• Leverage the SMAP active-passive algorithm
• Use the Copernicus Sentinel-1A/1B data as the surrogate
• Reach nearly global coverage every week to 12 days since March 2017
• Limited to low-vegetation (< ~3 kg m-2)



L3_SM_P_E
Gridded 
at 9 km

L2_SM_SP
at 3 km

L2_SM_SP
At 1 km

5th May 2018
Southern Iowa

Sample Soil Moisture Maps



L2 Product
SMAP Radiometer Soil Moisture  

AM

PM

• PM has achieved similar 
performance as AM at core 
cal/val sites

• Use of AM and PM data 
together leads to an average 
revisit of 1.5 days

ubRMSE
[m3 m-3]

Bias 
[m3 m-3] Correlation

AM 0.038 -0.001 0.814

PM 0.036 -0.002 0.818

L2SMP_E at Core Cal/Val Sites



SMAP Dual Channel Algorithm for 
Soil Moisture and Vegetation Optical Depth

SMAP dual-channel algorithm can retrieve soil moisture and vegetation 
optical depth from dual-polarized brightness temperatures

Soil Moisture VOD

Improved Q-H-Omega parameterization leads to significant improvement in 
DCA performance, close to Baseline SCAV  

ubRMSE
[m3 m-3]

Bias
[m3 m-3]

Correlation

Baseline SCA-V 0.037 -0.006 0.805

New-DCA 0.039 -0.005 0.746
At Core Cal/Val Sites



Konings, Piles, Das, Entekhabi, 2017: L-band vegetation optical depth 
and effective scattering albedo estimation from SMAP, RSE.

VOD

Mapping Coverage With 2-3 Days Dynamics

Potential for assessments of:
- Fuel load
- Dryness and ignition hazard
- Tree mortality
- Carbon stocks



Above-Ground Carbon Density (ACD) from
Carnegie Airborne Observatory
Asner et al., 2014, PNAS, 111. 

Peru & 
Colombia

Chaparro, Duveiller Piles, Cescatti, Vall-llossera, 2019: Sensitivity of L-band 
passive microwaves to carbon stocks in American tropical forests: a 
comparison to higher microwave frequencies and optical data, RSE.

Above-Ground Biomass



Summary

• SMAP radiometer has been operating for more than 4 years 

• All products meet requirements

• Added products:

– Near Real Time (NRT)  

– SMAP-Sentinel-1A/B soil moisture 3 km and 1 km 

– Dynamic vegetation biomass mapping (2015+, available June 2019)

• Airborne field experiment SMAPVEX19 in 2019



SMAPVEX19:
Dense Forests and Mixed Landuse Pixels

Resolving soil moisture under mixed pixel conditions (similar to 
Millbrook) will allow “unmasking” of majority of dense vegetation flag in 
the Eastern US

Current flag Mixed pixels resolved
<5 [kg m-2] <70% forest fraction



What and How SMAP Products Can Support 
USFS Management Needs?*

* Required Slide

Surface soil moisture (radiometer-only):

Temporal: 2-3 days mapping
Spatial: 9 km posting (36 km resolution)
Accuracy: At least 5 levels of discrimination within dynamic range
Domain: Direct sensing of top ~ 5 cm (indicative of top tens of cm)

Surface soil moisture (radar-radiometer):

Temporal: 6-12 days mapping
Spatial: 3 km and 1 km resolution
Accuracy: Same for non-forested 
Domain: Same

Soil moisture is a time-integrated measure of landscape moisture 
conditions relevant for:

1. Forest and rangeland monitoring

2. Hazards assessments



What Existing/Future Product(s) Do You Think 
Most Relevant to USFS Management Needs?*

* Required Slide

Potential application in assessing:

1. Fuel load

2. Dryness and ignition hazard

3. Tree mortality

4. Carbon stocks

Vegetation Optical Depth 
(related to wet+dry biomass [kg m-2]):

Temporal: 2-3 days mapping
Spatial: 9 km posting (36 km resolution)



Backup Slides



Surface-Subsurface Coupling

R. Cuenca: Metolius, OR site



Landscape Water Balance Closure is Represented by 
the Combination of SMAP and GPM Data

Problem: Landscape water balance cannot be closed using available observations 

Impact: Taken together, soil moisture and precipitation 
define a closed landscape water budget.  Together they 
define a landscape storage that is deeper than the sensing 
depth of surface soil moisture.

Akbar, Gianotti, Haghighi, McColl, Salvucci, Entekhabi, 
2018: Hydrological storage length scales represented by 
remote sensing estimates of soil moisture and precipitation, 
Water Resources Research.

Δ𝑧𝑧
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑃𝑃 − 𝐸𝐸𝐸𝐸 𝜃𝜃 − 𝐷𝐷 𝜃𝜃

The landscape water budget is:

[mm day-1]

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑃𝑃
Δ𝑧𝑧

− 𝐸𝐸 �−
Δ𝜃𝜃−

Δ𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜
𝜃𝜃 [day-1] 

Equivalent to

Finding: The characteristic hydrologic 
depth Δ𝑧𝑧 that 

• tracks the dynamics of landscape 
water balance,

• closes the water budget

is identifiable with only precipitation (P
from GPM) and  soil moisture (θ and 
∆θ from SMAP)

The functional form of the landscape moisture loss is
approximated by the expectation E[ ] of dry-down SMAP
rate Δ𝜃𝜃−

Δ𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜
conditioned on the soil moisture state θ :

𝐿𝐿 𝜃𝜃 = 𝐸𝐸 − Δ𝜃𝜃−
Δ𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜 𝜃𝜃



SMAP-Sentinel AM Average Revisit [Days]
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