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Soil Moisture Remote Sensing

Patricia de Rosnay

Measuring surface meteorological variables using satellites
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Soil Moisture (m3.m-3):

Åɗ= Volume of Water / Volume of Soil

Range of values:

Åɗr, Residual value (~0.05 m3.m-3)

Åɗsat, Saturation value =  Soil Porosity
Varies from ~ 0.3 m3.m-3 to 0.65 m3.m-3   

depending on soil texture types

Åɗfc, Field Capacity : When all the water 
that can has drained from the soil by gravity, 
the soil is at field capacity; ~0.3 m3.m-3

Acronym: SM

What is Soil Moisture ?

Section of Soil 
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Soil Moisture annual cycle 
in France (SMOSREX site, 2004)

What is Soil Moisture ?

Soil Moisture seasonal cycle 
in West Africa (AMMA)

Soil Moisture Vertical Profile
(for a fixed date)
in West Africa (AMMA)

References: 
SMOSREX: de Rosnay et al, Remote Sens.  Env., 2006
AMMA: de Rosnay et al., J of Hydrol., 2009

Top

Bottom
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Based on a multi -model approach: characterization of the strength  of the coupling between 

surface and atmosphere.

(Koster et al, Science 2004).

SM, variable of interface

Partition LE/H

Vegetation phenology,

Soil respiration,

Biogeochemical cycle,

é

Interaction between Soil Moisture and Atmosphere
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Ground measurements:
ÅPrecise measurement (0.01 m3.m-3) 
ÅLocal value (representativeness issue)

Remote Sensing:

ÅSpatially integrated
ÅTop soil moisture measured

(top 2cm to 5cm)

ÅTarget accuracy 0.04 m3.m-3

ÅVariable of interest: 
Root soil moisture

ĄRetrieved from data 
assimilation approaches

Soil Moisture Measurements
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Soil Moisture Remote Sensing

Microwave domain: 

1mm to 1m  (300GHz to 0.3GHz)
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Soil Moisture Remote Sensing

Low Frequencies (=<10GHz) optimal for Soil Moisture 

Remote Sensing:

ÅAtmosphere is transparent at low frequencies (all weather)

ÅIndependent of the sun as source of illumination (day/night)

ÅAccess to the soil below the vegetation layer ïpenetration 

depth increases with the wavelength

Principle:

Microwave remote sensing of soil moisture relies on the large 

contrast between the dielectric constant of water (~80) and soil 

particles (~4)

L-band optimal for SM 

Top 5cm SM measured



Royal Meteorological Society, Oxford, 23 March 2011 Slide 8

Passive and Active Microwave 

For SM Remote Sensing

Passive Remote sensing:

- Uses natural energy, either reflected 

or emitted by Earth.

- Sensors: microwave radiometers

->  measure brightness temperature, TB (K)

Active Remote sensing:

-Sensor creates its own energy, 

transmitted toward Earth and measures the backscattered signal 

- Sensors: Scatterometers (SCAT) or Synthetic Aperture Radar (SAR) 

-> measure backscattering coefficient, ů(dB)

Active        Passive
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Passive microwave remote sensing

Schmugge & Jackson, 1996
EARSelL Advances in Remote Sensing 

Rayleigh Jeans:

TB = e . Teff

(e: emissivity, Teff: effective temperature)

Soil -Vegetation emission:
TB = (1- ɔ(Ű)) (1-ɤ)(1 +ũS.ɔ(Ű)). Ts+ (1-ũS).Ts. ɔ(Ű)

Vegetation contribution: 
TB* = (1-ɤ)(1-ɔ).Ts
Attenuation:

ɔ = exp(-Ű/ cos Ŭ),
Optical Thickness:

Űfunction of Veg Water Content
Incidence angle: Ŭ

Scheme from J. -P. Wigneron 
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Passive microwave missions

SMOS (Soil Moisture and Ocean Salinity)

- European Space Agency (ESA) mission (Nov 2009)

- L-band (1.4 GHz / wavelength 21 cm)

- Revisit time ~ 3 days

- Swath 1000km

- Spatial resolution ~ 40 km

- Y shape with 3 4-meters arms (8m diameter).

- 06am/18pm sun-synchronous

- First mission dedicated to SM remote sensing

- Multi-angular and multi-polarization measurements

http://www.esa.int/esaLP/LPsmos.html
Images from CESBIO
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AMSR-E 

(Advanced Microwave Sensor Radiometer on Earth Observing System)

- National Aeronautics and Space Administration (NASA) mission (2002)

- 6 bands including C-band (6.9 GHz) and X-band (10.7 GHz)

- Revisit time ~ 3 days

- Swath 1445 km

- Spatial resolution ~ 50 km (product at 25km)

- 01am/13pm sun-synchronous

-Incidence angle: 55°

- SM product available on the NSIDC web interface

(National Snow and Ice Data Centre)

http://nsidc.org/data/amsre/

Image from NASA

Passive microwave missions
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Use of passive microwave data for NWP

http://www.ecmwf.int/research/ESA_projects/SMOS

/cmem/cmem_index.html

- Near Real Time Monitoring of SMOS data

- Investigation of SMOS data assimilation (under development)

Key component: Observation operator

That converts SM to TB.

ECMWF developed and uses

Community Microwave 

Emission Model (CMEM)

- Available on ECMWF web page

References:
Holmes et al. IEEE TGRS, 2008
Drusch et al. JHM, 2009
de Rosnay et al. JGR, 2009
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Brightness Temperature simulations

ALMIP-MEM

AMMA Land Surface Model Intercomparison Project ïMicrowave Emission Model

Context: SMOS / AMMA (African Monsoon Multidisciplinary Analysis)

ALMIP (AMMA Land Surface Model Intercomparison Project , Boone et al.,, 2009)

Concept:

- Combined 8 LSMs and 12 microwave models (MWM) inter-comparison

- Simulation of C -Band Brightness Temperature (TB) for 2006 over West Africa

- Evaluation against  AMSR -E (C-band)

Aim:

- Sensitivity of simulated TB to the LSM and MWM parametrisations

-Identify key parametrisations for the CMEM forward operator
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Time-latitude TB
(at horizontal Pol )
Average 10W -10E

- Time-latitude wet Patch
Well captured by most
of the LSMS

Observed and simulated AMSR -E TB at C -band

K

Brightness Temperature in K
Simulated by different Land Surface Modelsnoaa

Météo-France

ECMWF ECMWF

UKMO NCEP LMD/IPSL

de Rosnay et al., JGR 2009
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SMOS TB monitoring

Near Real Time monitoring of SMOS data
http://nwmstest.ecmwf.int/products/forecasts/d/charts/monitoring/satellite/smos/

K
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SMOS TB monitoring

First Guess Departure (Obs ïModel)
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K

Muñoz Sabater et al., ESA report, 2011
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SMOS TB monitoring

Standard deviation of First Guess Departure (Obs ïModel)

SMOS: passive instrument -> natural Earth emission -> low level of energy in Microwave. 
Although L -band is protected (it is forbidden to emit in L -band), SMOS clearly shows 
strong Radio Frequency Interferences (RFI) in Europe and Asia.

Muñoz Sabater et al., ESA report, 2011
http://www.ecmwf.int/research/ESA_projects/SMOS/publi/smos_publi.html
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SMOS soil moisture  Products

SMOS validation in West Africa
-Robust scaling of soil moisture from ground data
at the SMOS pixel size

-Consistency between ECMWF, 
ground data and SMOS data
- SMOS capture SM increase due 
to precipitation
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SMOS Soil Moisture validation

Little Washita site (Oklahoma)
Figure from D. Leroux - CESBIO
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Active microwave remote sensing

ENVISAT/ASAR  (Advanced Synthetic Aperture Radar)

- ESA, March 2002

- C-band (5.67 GHz) 

- Revisit 35 days 

- 30m to 1km resolution

- 10am/22pm sun-synchronous

- Several polarisation (HH, VV, HV, VH)

- ScanSAR modes: Global Monitoring or Wide Swath
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Active microwave remote sensing

ENVISAT/ASAR  (Advanced Synthetic Aperture Radar)

- Comparison between backscattering coefficients and ground soil moisture 

- Site in West Africa (Sahel)

Baup et al., Rem. Sens. Env. 2007

- Wide Swath mode,
- Incidence angles 16 ° to 43 °, 
- Normalized to 23° to minimize vegetation effect

and soil roughness effects 
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Active microwave remote sensing

ASCAT: Advanced SCATTerometer, on MetOP (Oct. 2006)

- EUMETSAT (European Organisation for the Exploitation of Meteorological Satellites)

- C-band (5.255 GHz) 

- Revisit ~ 3days

- 2 swaths (500km each)

- 25km resolution

- First operational Soil Moisture product
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- First Near Real Time operational SM product

- Soil Moisture retrieval based on TU-Wien approach

- ERS-1/2 heritage (since 1992)

- Guaranteed operation until 2020

- Change detection algorithm:

ĄRelative soil moisture product (between 0 and 1 ïno unit)
(Bartalis et al., 2008, ASCAT SM report series N 15, Vienna Univ of Tech.)

METOP/ASCAT Soil Moisture

Image from TU -Wien



Royal Meteorological Society, Oxford, 23 March 2011 Slide 24

ASCAT monitoring

Operational monitoring of ASCAT Soil Moisture  data at ECMWF
http://www.ecmwf.int/products/forecasts/d/charts/monitoring/satellite/slmoist/
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ASCAT Soil Moisture validation

Stations of  the SMOSMANIA in-situ network (Southwest France):

Sabres (SBR), Urgons (URG), Creon dôArmagnac (CRD) and Peyrusse Grande (PRG)

25H-SAF Soil Moisture

Time series of ASCAT soil 
moisture versus 
SMOSMANIA in-situ soil 
moisture over a two-year 
period (2007-2008)

ASCAT soil  moisture and  SMOSMANIA  
ground data for 2007-2008

(Albergel et al., 2010 / Météo-France)
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Validation results in Italy  (Brocca et al., CNR-IRPI Italy)

ASCAT Soil Moisture validation
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Daily Spatial Coverage

SMOS (82%) 

ASCAT (82%)                                        ASAR (Global Monitoring mode)


