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Overview for Today

ÅSoil Moisture & Satellite Radar

ÅTU Backscatter Model @ Copernicus

ÅSoil Moisture Products @ Copernicus
ÅASCAT SWI

ÅSSM1km

ÅSWI1km

ÅProduct Usage & Access

ÅQuality Assessment & Validation

ÅKnown Issues & Conclusions
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Soil Moisture
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Thin, remotely sensed surface soil layer

Root zone: layer of interest for most 
applications
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Approaches to Remote Sensing of Soil Moisture

ÅMeasurement principles
ÅNo direct measurement of soil moisture possible, only indirect techniques

ÅOptical to Mid-Infrared (0.4 ς3 mm)
Å/ƘŀƴƎŜ ƻŦ άŎƻƭƻǳǊέ
ÅWater absorption bands at 1.4, 1.9 and 2.7 mm

ÅThermal Infrared (7-15 mm)
ÅIndirect assessment of soil moisture through its effect on the surface energy balance 

(temperature, thermal inertia, etc.)

ÅMicrowaves (1 mm ς1 m)
ÅChange of dielectric properties
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Microwaves & Water

ÅMicrowaves (1 mm ς1 m wavelength)
ÅAll-weather, day-round measurement capability

ÅVery sensitive to soil water content below relaxation frequency of water (< 10 GHz)

ÅPenetrate vegetation and soil to some extent
ÅPenetration depth increases with wavelength
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Dielectric constant of water

The dipole moment of water molecules
ŎŀǳǎŜǎ άorientationalǇƻƭŀǊƛǎŀǘƛƻƴέ
Ą a high dielectric constant
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Microwave Satellites used for Soil Moisture Retrieval
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Measurement Concept

ÅSide-looking radars 
Åmeasuring the backscatter coefficient s0 (sigma0), in [dB]
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Sentinel-1 CSAR
Synthetic aperture radar
Fine resolution 20-80m
Single-viewing direction
Several modes

METOP ASCAT
Real aperture radar
Coarse resolution 12-50km
Multiple-viewing directions
One mode



Radar Imagery
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ÅSpaceborne radar
Åindependent from 

weather and daylight
Ådifferent processes 

observable than with 
optical sensors

ÅScatterometers
Åe.g. ASCAT
Å1-50km resolution
Å1-2 days coverage

ÅSAR
Åe.g. Sentinel-1
Å10-100m resolution
Å2-14 days coverage
ÅTBsof raw data per day



Sentinel-1 SAR + ASCAT for Soil Moisture

Åproven capability for SM monitoring
Åbuilding upon previous C-band missions (e.g. ERS-1/2 or Envisat ASAR, ~5GHz ~5cm) 

Åhigh radiometric accuracy & stability

Ålong prospect for mission continuity (min. until 2030s)
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Drought Monitoring with ASCAT Soil Moisture Data
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Drought-index derived from ASCAT soil moisture data over 
Offenhausen, Upper Austria. 
Grey line: without correcting for land cover changes and RFI.



Ą ESA CCI SM
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Input data products
Á 11 activeand passive microwaveL2 products
Á L-, C-, X-, Ku-band
Á Resolution: ~25-100 km
Á Revisit time: 1-7 days

v04.7 is the latest publicly available ESA CCI SM dataset spanning the period 1978-2019

Merged ESA CCI Soil Moisture 
Á 0.25° resolution
Á Daily product
Á Period 1978-2019 (PASSIVE and COMBINED), 1991-2019 (ACTIVE)

http://www.esa -soilmoisture-cci.org

http://www.esa-soilmoisture-cci.org/


ASCAT Soil Moisture
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2007            2008 2009          2010 2011 2012             2013        2014         2015

UK MetOffice Precipitationanomalies(1961-1990)

ASCAT SoilMoisture anomalies(2007-2015)



SAR Soil Moisture

ÅMotivation:
ÅαhƭŘά ŜȄŀƳǇƭŜ ƻǾŜǊ 

Queensland, Australia
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Sentinel-1 Synthetic Aperture Radar (SAR)
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(video too big to store)



Sentinel-1 Coverage
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TU Backscatter Model 
@ Copernicus SM
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TU Wien Backscatter Model (in short)

ÅMotivated by physical models 
and empirical evidence
ÅFormulated in decibels (dB) 

domain

ÅLinear relationship between 
backscatter (in dB) and soil 
moisture

ÅEmpirical description of 
incidence angle behaviour
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Incidence angle behaviour
is determined by vegetation
and roughness 

Changes due to soil
moisture variations



TU Wien Change Detection Approach

ÅFormulated in 1996-98 out of the need to circumvent the lack of adequate backscatter models   
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Figure: Vreugdenhil et al., 2016



Change Detection Model Parameters for S-1 SSM 

Åheterogenous coverage does not affect S-1 parameters 
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Soil Water Index

Soil Water Index (SWI)
Åmethod developed in 1999, well-established for e.g. 

ASCAT SSM

Åestimates moisture in soil profile (~1cm ς~1m) 
through temporal filtering 

Å= models Surface SM percolating downwards into 
deeper soils over time 

Å= transforms local SSM history to (e.g. daily) SWI 
values

ÅαT-valueά ƎƻǾŜǊƴǎ ŦƛƭǘŜǊ ƭŜƴƎǘƘ Ϥ ǎƻƛƭ ƭŀȅŜǊ ŘŜǇǘƘ ƻŦ 
SWI-value (T = 2, 5, 10, 15, 20, 40, 60, 100)

SCATSAR-SWI
Åmerge SSM from ASCAT & Sentinel-1 to a joint SSM 

datacube  

Åper 500m pixel: temporal filtering of the joint SSM 
history

ÅĄwe get beneficial data fusion

Åhigh temporal frequency

ÅSM dynamics at 1km-scale
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25km ASCAT SSM1km Sentinel-1 SSM

Thin, remotely 
sensed surface soil 
layer

Root zone: layer of 
interest for most 
applications
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Wagner, W., G. Lemoine, H. 
Rott (1999) A Method for 
Estimating Soil Moisture 
from ERS Scatterometer and 
Soil Data, Remote Sensing of 
Environment, 70, 191-207.



SCATSAR-SWI: Data Fusion with SWI

Åsoil moisture data from microwave sensors feature 
Åeither a high temporal frequency

Å50km ς10km ăĄ daily, sub-daily

Åor a high spatial resolution 

Å10m ς1km ăĄ weeks, some days
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Bauer-Marschallingeret al. 
(2018) Soil moisture from 
fusion of scatterometer 
and SAR: Closing the scale 
gap with temporal 
filtering, Remote Sensing, 
10(7), 1030, 26 p.



SCATSAR-SWI Example

Åvs Land Cover
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Publications on Methods & Evaluation

ÅMethods, Data, Algorithms

ÅEvaluations over Italy

ÅSM Data Cubes: 2015-2017

25

SCATSAR-SWI Ą SWI1km
Bauer-Marschallinger, B., Paulik, C., Mistelbauer, T., Hochstöger, S., Modanesi, S., Ciabatta, L., Massari, 
C., Brocca, L. & Wagner, W. (2018). Soil Moisture from Fusion of Scatterometer and SAR: Closing the 
Scale Gap with Temporal Filtering. Remote Sensing, 10(7), 1030. doi:10.3390/rs10071030

Sentinel-1 SSM Ą SSM1km
Bauer-Marschallinger, B., Naeimi, V., Cao, S., Paulik, C., Schaufler, S., Stachl, T., Modanesi, S., Ciabatta, L., 
Massari, C., Brocca, L. &  Wagner, W. (2018). Toward Global Soil Moisture Monitoring with Sentinel-1: 
Harnessing Assets and Overcoming Obstacles. IEEE Transactions on Geoscience and Remote Sensing (57),  520 ς
539. doi:10.1109/TGRS.2018.2858004

TU Wien | Bernhard Bauer-
Marschallinger

July 2020 | JNCC Soil Moisture 
Workshop



Soil Moisture Products @ Copernicus
The Copernicus Global Land Service (CGLS)

http://land.copernicus.eu/global/
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CGLS: Copernicus Global Land Service

ÅThe CGLS provides a large number of data products on energy, 
water and vegetation variables
Å freely accessible

Å in Near-Real-Time (NRT)

Å global/continental coverage

Å harmonisedand co-formatted

ÅASCAT SWI V3 

ÅSWI derived from H SAF Metop ASCAT SSM 
observations
Ådescribing the wetness of the soil along profile (~1cm ς

1m)
Åglobal, since 2007, ~25km resolution

ÅTwo new 1km soil moisture (SM) products
Å based on Sentinel-1 CSAR & Metop ASCAT scatterometer observations

ÅSurface SoilMoisturefrom Sentinel-1 
Å namedSSM1km

ÅSCATSAR SoilWaterIndex from fusedSentinel-1 + ASCAT 
Å namedSWI1km

27



ASCAT-based SWI Products (12.5 km)
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12.5km Soil Moisture

ÅSWI V3 product (Operational Status)
Å for basic usersin hydrology and agriculture with large-scaled 

scope

Å well evaluated and stable performance

Å 8 depth layers (T-values), including quality information (=quality 
flag, QFLAG)
Å QFLAG: describing the SSM data density contributing to SWI-values

Å Freeze/Thaw layer for masking frozen conditions (=surface state 
flag, SSF) 

Å daily, on a 0.1° grid SWI V3 product (~12.5km)

Å netCDF4 format 

ÅSWI10 product (Operational Status)
Å 10 day average SWI product- compatible to other decadal 

products 

Å Same format and grid as SWI V3 version

Å netCDF4 format 

ÅSWI TS product (quasi Operational Status)
Å Time Series product

Å for advanced and scientific users doing time series analysis

Å provides data in time-series-optimized format

Å updated half-yearly

Å on a discrete global grid (point-wise, ~12.5km)

Å netCDF4 format

Å SWI-Static Layers
Å can be used for masking regions where SWI retrieval is 

difficult or not possible

Å Dense Forests, Water Bodies, Complex Topography

Å Discrete Global Grid (DGG) layer for SWI TS product

Å Correlation Information (CI) Layers describing agreement with 
reanalysis model

Á per year: correlation between daily SWI and GLDAS-
Noah model 



Sentinel-1 & ASCAT ςbased products (1km)

1km Soil Moisture

ÅSSM1km (Operational Status)
Å for basic users in hydrology and agriculture, requiring more spatial 

detail

Å senses effects from small-scale rainfalls and irrigation activities

Å Surface Soil Moisture (~top 5cm)

Å ingesting high-resolution SAR data from Sentinel-1

Å daily image, on a 1km grid 

Å no full coverage at each day

Å actual frequency over European locations: 1.5-4 days

Å Product masks, which identify and exclude areas that the SSM 
algorithm does not apply or does not make sense such as 
Å inland water, urban areas and strong topography

Å netCDF4 format 

ÅSCATSAR-SWI(Operational Status)
Å ingesting SSM from Sentinel-1 and ASCAT Ą SWI at 1km!

Å For users as European and national institutions, research 
institutions for weather forecast, crop monitoring, climate studies.

Å high spatio-temporal detail

Å same format and grid as SSM1km: daily & 1km

Å regularily full  coverage at each day

Å 8 depth layers (T-values), including quality information (quality 
flag, QFLAG)

Å Freeze/Thaw layer for masking frozen conditions (surface state 
flag, SSF, at 12.5km res.)
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ASCAT SWI
Coarse-scale SM since 2007

(global)
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ASCAT Soil Water Index (SWI)

ÅǎƛƴŎŜ нллт όŎǳǊǊŜƴǘ ǾŜǊǎƛƻƴ ά±оέύ

Ådescribing the wetness of the soil along profile (~1cm ς1m)

Åderived from surface soil moisture (SSM) time series

Åinput: Metop ASCAT microwave radar observations (H-SAF SSM)
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H-SAF H101/16/104 SSM products Copernicus SWI V3 product


