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The SMOS mission

• SMOS was launched in November 2009

• Array of 69 antennas used in interferometric mode to synthesize an aperture of 
~7.5 m: resolution of 25-50 km

• L-Band (1.4 GHz), full polarization and multi-angular (0-60º)

• Almost 12 years old... we need to prepare a follow-up

• Need of higher spatial resolution for some applications 
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Soil moisture applications and users requirements

Chlorophyll A

Salinity
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Soil Moisture in Near Real-Time and Numerical Weather
Prediction

Harvey effects using the ESA NRT product 
(Rodriguez-Fernandez et al. (2017, HESS)

• SMOS neural network SM assimilation at 

ECMWF operational since 2019  
• De Rosnay et al. (2018, IGARSS), Rodriguez-

Fernandez et al. (2019, Rem. Sens.)

• Global state-of-the-art forecasts are 

already running at 9 km …
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Soil moisture applications and users requirements

Chlorophyll A

Salinity
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www.aapahinnovations.com
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• Tomer, S. K., Al Bitar, A., Sekhar, M., Zribi, M., Bandyopadhyay, S., & Kerr, Y. (2016). MAPSM: A spatio-temporal 

algorithm for merging soil moisture from active and passive microwave remote sensing. Remote Sensing, 8(12), 990.

• Tomer, S. K., Al Bitar, A., Sekhar, M., Zribi, M., Bandyopadhyay, S., Sreelash, K., ... & Kerr, Y. (2015). Retrieval and 

multi-scale validation of soil moisture from multi-temporal SAR data in a semi-arid tropical region. Remote Sensing, 

7(6), 8128-8153.

MAPSM SMOS+S1 500 m



Cliquez pour modifier le style du titre

Séminaire OMP AST Eau: Missions d’hydrologie continentale

SMOS & Dispatch : SM at 1 km

Merlin, Molero et al
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Native resolution counts, also for downscaling !

Downscaling to 1 km
resolution

Aggregation  to 40, 20, 10 
and 5 km resolution

Evaluation

Rodriguez-Fernandez, Merlin et al. in prep

• L-band brightness temperature from the National Airborne Field Experiment 2006 (NAFE'06) over the 

Yanco site in Australia

• Aggregating NAFE'06 PLMR data to 5, 10, 20 and 40 km

• Downscaling to 1 km using MODIS data and the DISPATCH algorithm (Merlin et al. 2008, 2010, 2012)

• Evaluate the downscaled data as a function of the initial resolution

• The results are significantly better when the initial resolution goes from 40 to 5 km
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Coupling water and carbon cycles

L-VOD:

sensitivity to biomass without saturation

L-band VOD vs AGB relationship

Rodriguez-Fernandez et al. (2018, 

Biogeosciences)

SMOS revisit time allows to study the 

evolution of C-stocks using L-VOD

Brandt et al. (2018, Nature E&Evo)
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High resolution L-band is needed to study the 
cryosphere

Soil freeze/thaw. Rauitiainen et al. (2016, RSE)

Example over the Antarctic Peninsula 
during 3 summer seasons

Mean annual duration of the melt 
season between 2010-2019

Leduc-Leballeur et al., 2020,, The Cryosphere.

https://spaces.awi.de/display/CS2SMOS
https://smos-diss.eo.esa.int/

Thin sea ice sheets. L. Kaleschke

https://spaces.awi.de/display/CS2SMOS
https://smos-diss.eo.esa.int/
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Higher resolution is also needed for ocean studies

Slide by J. Boutin
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L-band new generation requirements

• Community-contributed study of land, ocean 

and cryosphere research and operational 

applications

• Number of applications increases strongly 

when the spatial resolution is 10 km 

(breakthrough) or 1 km (goal)

Kerr et al. (2020)

• Temporal sampling (revisit) <3 days

• Sensitivity ~1 K
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SMOS and follow-ups
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SMOS
Launched in 2009

Resolution 40km

Sensitivity 2K

69 antennae

3 6 m arms

ULID
Bridging phase (2020-2021)

Demonstrator, Not products

3 antennae

Not connected and formation 
flying

SMOS-HR
Phase 0 successfully finished (2019)

Phase A started end of 2020

Resolution 10-15 km

Sensitivity 2K

~200 antennae

~10 m long arms

SMOS-Next
Resolution 4km

Sensitivity 2K

Hub SMOS-HR like satellite 
and > 50 nano-satellites ULID like

1st generation 2nd generation
3rd generation
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SMOS-HR concept at the end of the Phase 0 study

Phase 0 study completed in 2019 at CNES by CESBIO 

and AIRBUS Defence and Space

• A resolution of 10 km at L-band implies an antennas 

of 17 meters size

• Aperture synthesis:

- Array configuration: a four arms cross with 12 

meters arms (with 231 antennas)

• Cartesian grid sampling that allow to implement a 

patented method to increase the spatial frequency 

sampling density (patented concept, Kerr et al. 2019)

Currently starting the Phase A study at CNES
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SMOS vs SMOS-HR: reducing the aliasing

• Denser sampling of the Fourier plane
• Reduction of the aliasing in 
reconstructed images 
• Patent FR3071068 (Kerr et al. 2019)
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10 km

15 km
20km

Reconstruction algorithms

10 km

15 km20  km

27 x 27 km

35 km x 56 km

SMOSSMOS-HR Tilt 0º

50º

10º

25º

40º

SMOS
SMOS-HR

Anterrieu et al. in prep

Waldteufel et al. 2004
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Advanced RFI mitigation

RFI detection and handling

Jeannin et al.

Radio frequency interference, human-
made emission, even in protected 
bands
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SMOS-HR versus SMOS

Parameter SMOS SMOS-HR

Array shape Y-shape
4.5 m arms

Square-shape
12 m side, 8.48 m half diagonal

Longest baseline 7.7 meters 17 meters

Resolution after apodisation 27-50 km 10-15 km

Number of antennas/baselines 69/2346 231/26565

Antenna spacing  / visibilities sampling 0.875 λ / 0.875 λ 1 λ / 0.7 λ

Effective swath/revisit time ~ 1150 km / 3 days max 920 km / 3 days max

Incidence angle range 0-60º 0-40º (tilt 0º) / 0-60º (tilt 25º)

Polarization full-pol, alternative acquisitions Full-pol simultaneous acquisitions

Sub-bands/RFI filtering at instrument level 1 / No Many/yes

Quantization/Effective integration time 1 bit / 0.7 x integration time several  bits / ~ integration time

Radiometric sensitivity for a single snapshot 1.5 K 2 K

Radiometric sensitivity for geophysical retrievals < 1 K < 1 K
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Many observations of a footprint in subsequent 
snapshots

P. Richaume
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Summary

➢ SMOS is almost 12 year old. Working well but a follow 

up should be prepared

➢ SMOS-HR is a SMOS follow-up project at CNES 

➢ Phase 0 study was successfully completed in 2019 

at CNES by CESBIO and AIRBUS Defence and Space

➢ Phase A just started

➢ The goal is to ensure the continuity of L-band 

observations while increasing the spatial resolution 

by at least a factor of 2 … while preserving or 

improving the radiometric sensitivity


