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Soil Moisture from Satellite Radar Sensors!?

SoilMoisture in %

Satellite Radar backscatter in dE
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Overview for Today

ASoil Moisture & Satellite Radar
ATU Backscatter Model @ Copernicus

ASoil Moisture Products @ Copernicus

A ASCAT SWI
A SSM1km
A SWI1km

AProduct Usage & Access
AQuality Assessment & Validation
AKnown Issues & Conclusions
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Soil Moisture

Thin,remotely sensed surfacsoillayer

As | | _
= if*:" 1 - Root zone layer of interest for most
© | | ‘ applications
Q. B
S | Crosssection of a soil
n {'m . 2y
1’ |
c- &
{ - Air
> /
7 h
2 Water
rs

Solid Particles

ARSN| TU Wien | Bernhard Bauer July 2020 INCC Soil Moisture C nlﬁf
0 : ;
m \&®4 \Viarschallinger eJNCC Workshop OpErnIcus 4




Approaches to Remote Sensing of Soil Moisture

AMeasurement principles
A No direct measurement of soil moistup@ssible, only indirect techniques

AOptical to MidInfrared (0.4¢ 3 mm)
Al KIy3asS 2F aO2f 2 dzNE
A Water absorption bands at 1,4.9 and 2.7rm

AThermal Infrared (A5 nmm)

A Indirect assessment of soil moisture through its effect on the surface energy balance
(temperature, thermal inertia, etc.)

AMicrowaves (1 mng 1 m)
A Change of dielectric properties

ARSN|  TU Wien | Bernhard Bauer July 2020 INCC Soil Moisture C Jllﬁf
0 | i
B4 Marschallinger e~]NCC Workshop opf;rmcus >



Microwaves & Water

AMicrowaves (1 mng 1 m wavelength)
A All-weather, dayround measurement capability

AVery sensitive to soil water content below relaxation frequency of water (< 10 GH:
APenetrate vegetation and soil to some extent

A Penetration depth increases with wavelength Dielectric constant of water
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Soil Moisture from Satellite Radar Sensors!

SoilMoisture in %

Satellite Radar backscatter in dE

Surface Soil Moisture (%)
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Microwave Satellites used for Soil Moisture Retrieval

Sentinel-1
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Measurement Concept

ASidelooking radars
Ameasuring the backscatter coefficiesf (sigma0), in [dB]

Sentinell CSAR
Syntheticaperture radar

Fine resolution 20m

Singleviewing direction . ﬁ‘
Several modes —

METOP ASCAT
Realaperture radar
Coarse resolution :30km
Multiple-viewing directions
One mode

Flight Direction

Left
Fore Beam

W 4

\\\Q\

Sub-Satellite Track

Orbit Height
~700 km

Left
Aft Beam _Z
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lo
7 %29
Nodg

P> Extra Wide Swath
Mode

Interferometric Wide Swath
Mode
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Radar Imagery

ASpaceborne radar

Aindependent from
weather and daylight

A different processes
observable than with
optical sensors

AScatterometers
Ae.g. ASCAT
A 1-50km resolution
A 1-2 days coverage

ASAR
Ae.g. Sentinell
A 10-100m resolution
A 2-14 days coverage
A TBsof raw data per day
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Sentinell SAR + ASCAT for Soil Moisture

A proven capability for SM monitoring
A building upon previous-B8and missions (e.g. ER® or Envisat ASAR, ~5GHz ~5cm)

A high radiometric accuracy & stability
A long prospect for mission continuity (min. until 2030s)
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Drought Monitoring with ASCAT Soll Moisture Data
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A ESA CCl SM

v04.7 is the latest publicly available ESA CCl SM dataset spanning the perk201978
http://www.esa -soilmoisture-cci.org
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Input data products \
A 11activeand passivenicrowaveL2products A 0.25° resolution

A L-, G, %, Kuband
A Resolution: ~28.00 km
A Revisit time: 17 days
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Merged ESACCI Soil Moisture

A Daily product

esa

A Period 1978019 (PASSIVE and COMBINED),-2099 (ACTIVE)
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http://www.esa-soilmoisture-cci.org/

ASCAT Soll Moisture

UK MetOfficePrecipitationanomalies(19611990)
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SAR Soil Moisture

AMotivation:

Aohf Ra SEI YLJX BE | AsARGM NPT | ASCAT
Queensland, Australia

2011-04-18 | pm

Surface Soil Moisture (%)

[ . L TS
0 25 50 75 100
TU Wien | Bernhard Bauer July 2020 INCC Soil Moisture ol
Marschallinger eJNCC Workshop Gpernlcus 15

Frarnewirk Partniesship ngreement.
r Cope ruptake




Sentinetl Synthetic Aperture Radar (SAR)

(video too big to store)
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Sentinell Coverage

Oct 2014 - Oct 2016 processed >90

observations > 150
> 180

Sentinel-1A SSM Coverage T i _—

Coverage Map sla_csar_grdh_iw

Coverage until 2020-05-11
Total number of images: 756873
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TU Backscatter Model
@ Copernicus SM
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TU Wien Backscatter Model (in short)

AMotivated by physical models
and empirical evidence

AFormulated in decibels (dB)
domain

ALinear relationship between
backscatter (in dB) and soill
moisture

AEmpirical description of
Incidence angle behaviour

Cry Soil

Backscattering Coefficient ¢° (dB)

S Full Grown Canopy

< Full Grown Canopy

» Dormant Vegetation

Changes due to soi
moisture variations

Dormant Yegetation

Incidence Angle 8 (deg)\

Marschallinger

Incidence angle behaviour
Is determined by vegetation
and roughness
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Backscatter (dB)

TU Wien Change Detection Approach

A Formulated in 19988 out of the need to circumvent the lack of adequate backscatter models
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Change Detection Model Parameters fotlSSSM

Aheterogenous coverage does not affeet parameters

1km Sentinel-1 SSM - Model Parameters & Land Cover

a) Number of Observations b) for Dry Reference: ¢°,,,(40) c) for Wet Reference: 0°,,,(40) d) SAR Slope B,
S-1A & S-1B | Oct 2014 - Oct 2017 10%- Percentile SAR Backscatter 90%- Percentile SAR Backscatter from regression method
= > — = : s Pt RN rpeve DT P LA, ] 3

Wan, 1

g :
S-1 Observations per Pixel Terrain Mask | SAR Backscatter ‘ Water Mask i | Outline Umbria ?g&R VZVOS]glOPe ’ SAR Slope [dB/°]
180 260 340 420 Sensitivity -14 12 -10 -8 NoData | ke » 015 012 -0.09 -0.06
Mask
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Soll Water Index

Soil Water Index (SWI) 0 Thin, remotely
A method developed in 1999, wedistablished for e.g. ©%2 sensed surface soil
ASCAT SSM o Aj_‘ g layer
A estimates moisture in soil profile (~lag-1m) 5§ | | Root zone: layer of
through temporal filtering 2 B interest for most
S applications

A = models Surface SM percolating downwards intqR |
deeper soils over time |

——

A = transforms local SSM history to (e.g. daily) SWI |

Wagner, W., GL.emoine H.
Rott(1999) A Method for

values CJ.‘ B Estimating Soil Moisture
Adlvalued F2@SNYya FTAEGSNI £ Sy3dK & - - %1 | & SNIOREREFcuteromnater and
SWhivalue (T = 2, 5, 10, 15, 20, 40, 60, 100) o SOII_Data, Remote Sensing of
Environment, 70, 19207.
SCATSARWI
A merge SSM from ASCAT & Sentiha a joint SSM
datacube 25km ASCAT SSM1km Sentinell SSM
A per 500m pixel: temporal filtering of the joint SSM n\ 3 ety
history SWIp(t,) = >ISSM(t;)e T
A A we get beneficial data fusion § S e i

A high temporal frequency
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SCATSARWI: Data Fusion with SWI

SCATSAR-SWI: Fusion of ASCAT & Sentinel-1 to close the Scale Gap

A soil moisture data from microwave sensors feature
A either a high temporal frequency
A 50kmc 10kmd 4 daily, subdaily

A or a high spatial resolution
A 10mc¢1kmd A weeks, some days

a) Temporal Scale Gap b) Spatial Scale Gap ASCAT SSM | 25km | (sub-) daily revisit

~2-5 days ~1da 500m 12.5km
! g ‘ DEYVER ST L] ' N

A A
Soil Moisture [%] T 0 150 300km
s ==
0 25 50 75 100 No Data Water Bodies
—

.

BauerMarschallingeet al.
(2018) Soil moisture from
fusion of scatterometer A
and SAR: Closing the scale
gap with temporal i

> » filtering, Remote Sensing,
Time X 10(7), 1030, 26 p.

%o Metop ASCAT SSM Observations’ ~‘ ! T N :

e®e Ssentinel-1 SSM Observations
SCATSAR-SWI | ~1-5km | daily full coverage

Soil Moiture

July 2020 YNCC Soil Moisture
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SCATSABWI Example

i) SCATSAR-SWI Example Image f) Land Cover Classification

Avs Land Cover

T=512017 09 24 12:00 CORINE 2012 | major classes grouped

i

Soil Water Index (SWI) [%] Corr. Mask CLC grouped
| ] T | I ] C— 1 T ) [ ]
0 25 50 75 100 No Data arable forest urban water rocks/ice
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Publications on Methods & Evaluation

A Methods Data,Algorithms
A Evaluationver Italy

A SM Data Cubes: 202917

IEEE TRANSACTIONS ON GEOSCIENCE AND REMOTE SENSING

Toward Global Soil Moisture Monitoring With
Sentinel-1: Harnessing Assets and
Overcoming Obstacles

Bernhard Bauer—MarschallingerG, Member, IEEE, Vahid Fmeman®, Senmao Cao, Christoph Paulik(D,

Stefan Schaufler, Tobias Stachl, Sara Modanesi, Christian Massari'D, Luca Ciabaltae,
Luca Brocca™, and Wolfgang Wagnero, Senior Member, IEEE

Abstract—Soil moisture is a key environmental variable,
important to, e.g.. farmers, meteorologists, and disaster manage-
ment units. Here, we present a method to retrieve surface soil
moisture (SSM) from the Sentinel-1 (S-1) satellites, which carry
C-band Synthetic Aperture Radar (CSAR) sensors that provide
the richest freely available SAR data source so far, unprecedented
in accuracy and coverage. Our SSM retrieval method, adapting
well-established change detection algorithms, builds the first
globally deployable soil moisture observation data set with 1-km
resolution. This paper provides an algorithm formulation to
be operated in_data cube architectures and high-performance

Sentinetl SSMA SSM1km

BauerMarschallinger, B., Naeimi, V., Cao, S., Paulik, C., Schaufler, S., Stachl, T., Modanesi, S., Ciabatta, L.,

I. INTRODUCTION
HE Sentinel-1 satellites have been scanning Earth’s sur-
face using high-resolution radar sensors since 2014 with
unprecedented spatiotemporal coverage. They carry a Syn-
thetic Aperture Radar (SAR) system and deliver information
on surface properties independent of daylight and cloud cover,
operating in C-band (CSAR, at 5405 GHz). It is a mission
of the European earth observation program Copernicus with
two identical spacecrafts, Sentinel-1A (S-1A) launched in

Massari, C., Brocca, L. & Wagner, W. (2018). Toward Global Soil Moisture Monitoring with-$entinel

Harnessing Assets and Overcoming Obstacles. IEEE Transactions on Geoscience and Remote Sensing (57), 520

539. doi:10.1109/TGRS.2018.2858004

TU Wien | Bernhard Bauer
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Article
Soil Moisture from Fusion of Scatterometer and SAR:
Closing the Scale Gap with Temporal Filtering

Bernhard Bauer-Marschallinger 1'*0, Christoph Paulik 1 Q, Simon Hochstéger 1
Thomas Mistelbauer %, Sara Modanesi 3, Luca Ciabatta 3 0, Christian Massari 3 0,
Luca Brocca *© and Wolfgang Wagner 1@

1 Remote Sensing Research Group, Department of Geodesy and Geoinformation, TU Wien,

1040 Vienna, Austria; cpaulik@vandersat.com (C.P.); simon.hochstoeger@siemens.com (S.H.);
wolfgang.wagner@geo.tuwien.ac.at (W.W.)

Earth Observation Data Centre for Water Resources Monitoring (EODC), 1030 Vienna, Austria;
thomas.mistelbauer@eodc.eu

Research Institute for Geo-Hydrological Protection (IRPI), National Research Council (NRC),
06128 Perugia, Italy; sara.modanesi@irpi.cnr.it (S.M.); luca.ciabatta@irpi.cnr.it (L.C.);
christian.massari@irpi.cnr.it (C.M.); luca.brocca@irpi.cnr.it (L.B.)
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SCATSABWIA SWI1km

BauerMarschallinger, B., Paulik, C., Mistelbauer, T., Hochstdger, 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
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Soll Moisture Products @ Copernicus

The Copernicus Global Land Service (CGLS)

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

Prouviding bio-geophysical products of global land surface

TU Wien |. Bernhard Bauer July 2020 IJNCC Soil Moisture Workshop 26
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CGLS: Copernicus Global Land Service

A The CGLS provides a large number of data products on ener

water and vegetatiovariables

A freely accessible
A in NearRealTime (NRT)
A global/continental coverage

Theme

Copernlcqs Fl?})bal dLand Service

(opernicus

Variable

A harmonisedand ceformatte”, EUMETSAT '
& HSAF — Gpernlcus

Support to Operational
Hydrology and Water Eurape's eyes an Earth

Management

A ASCAT SWI V3

A SWI derivedrom H SARMetop ASCAT SSM
observations

A des)cribing the wetness of the soil along profile (~irm
1m

Vegetation

Fraction of photosynthetically active radiation absorbed
by the vegetation

Fraction of green vegetation cover

Leaf Area index

MNormalized Difference Vegetation Index

Vegetation Condition Index

Vegetation Productivity Index

Dry Matter Productivity

Burpnt Areq

Soil Water Index

Surface Soil Moisture

A global, since 2007, ~25km resolution .

Land Surface lemperature

Top Of Canopy Reflectance

Surface Albedo

A Two new 1km soil moisture (SM) products
A based on Sentinel CSAR &letop ASCAT scatterometer

Water

Water Bodies

Lake Surface Water Temperature

Lake Water Quality

A SurfaceSoilMoisture from Sentinell
A namedSSM1km
A SCATSA®bilWater Indexfrom fusedSentinell + ASCAT

Cryosphere

Lake Ice Extent

Snow Cover Extent

Snow Water Equivalent

@INCC
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ASCATased SWI Products (12.5 km)

12.5km Soil Moisture

A SWI V3 productOperational Statls A SWI TS produdquasiOperational Statls
A for basic usersn hydrology and agriculture witlarge-scaled A Time Series product
scope

A for advanced and scientific usedoing time series analysis
A provides data in timeseriesoptimized format
A updated haltyearly

A well evaluated and stable performance
A 8 depth layers (Talues) including quality information (=quality

flag, QFLAG . . .
A QFLAG: describing the SSM data density contributing tevahiks A on a discrete gIObal grld (pOHWlse, ~12.5km)
A Freeze/Thaw layer for masking frozen conditions (=surface state A netCDF4 format
flag, SSk
A daily, on a 0.1grid SWI V3 product (~12.5km) A SWIStatic Layers

A netCDF4 format A can be used for masking regions where SWI retrieval is

difficult or not possible

A SWI10 productOperational Status A Dense Forests, Water Bodies, Complex Topography
A 10 day average SWI producbmpatible to other decadal A Discrete Global Grid (DGG) layer for SWI TS product
products A Correlation Information (CI) Layers describing agreement with
A Same format and grid as SWI V3 version rea}naly3|s model
A netCDF4 format A per year: correlation between daily SWI and GL-DAS
Noah model
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Sentinell & ASCAtbased products (1km)

1km Soil Moisture

A SSM1km(Operational Status A SCATSARWI(Operational Status
A for basic users in hydrology and agricultureguiring more spatial A ingesting SSM from Sentirkland ASCAE SWI at 1km!
detail A For users aEuropean and national institutions, research
A senses effects frommallscale rainfallandirrigation activities institutions for weather forecast, crop monitoring, climate studies.
A Surface Soil Moisture (~top 5cm) A high spatiotemporal detail
A ingesting higkresolution SAR data from Sentiriel A same format and grid as SSM1km: daily & 1km
A daily image, on a 1km grid A regularily full coverage at each day
A no full coverage at each day A 8 depth layers (Walues),including quality information (quality
A actual frequency over European locations:-4.8ays ﬂag d QFLAG)
A Product masks, which identify and exclude areas that the SSM A Freeze/Thaw layer for masking frozen conditions (surface state
algorithm does not apply or does not make sense such as flag, SSt-at 12.5km res.)

A inland water, urban areas and strong topography

A netCDF4 format

AN | TU Wien | Bernhard Bauer July 2020 INCC Soil Moisture » ulﬁf
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ASCAT SWiI

Coarsescale SM since 2007
(global)

TU Wien | Bernhard Bauer
Marschallinger
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ASCAT Soil Water Index (SWI)

AAAYOS HAanT O6O0dZNNBY I OSNRBRAZY daxo0é 0
Adescribing the wetness of the soil along profile (~Icihm)

Aderived from surface soil moisture (SSM) time series

Ainput: Metop ASCAT microwave radar observationSQAfF SSM)

H-SAF H101/16/104 SSibducts Copernicus SWI \iBoduct

gt -26201510°5°0° 51015202530354045 7
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