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Introduction

Satellite data sources
Applications

Validation and Quality Assurance
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2005-20M B.Sc. and M.Sc. Earth Sciences - VU University Amsterdam, The Netherlands

2012-2016 PhD Remote Sensing TU Wien, Vienna, Austria
with Wolfgang Wagner and Gunter Bloeschl
Assessing vegetation dynamics from spaceborne active microwave backscatter observations

2016-......... PostDoc and Senior Scientist (since 2018) at TU Wien
2018-2021 ESA Living Planet Fellowship

Sentinel-1for high resolution monitoring of vegetation dynamics
2020-now World Bank, Development Agency projects

Drought monitoring with microwave soil moisture
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Optical to Mid-Infrared (0.4 — 3 um)
Change of “colour”
Water absorption bands at 1.4, 1.9 and 2.7 um

Thermal Infrared (7-15 um)

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

Microwaves
(Imm-1m)
Change of dielectric

properties
https://earth.esa.int/docu
ments/10174/642943/6-
LTC2013-SAR-Moreira.pdf
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create their own electromagnetic energy

Observable: Backscattering coefficient o®

a measure of the reflectivity of the Earth surface

Sensors
Altimeters
Side-looking real aperture radar
Scatterometer (SCAT)
Synthetic Aperture Radar (SAR)

Sensitive to roughness and vegetation

High spatial resolution ERS-1
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record reflected or emitted energy from the Earth surface

Observable: Brightness temperature

Tg = eT,, where e is the emissivity and T is the surface temperature

Sensors

Microwave radiometers

Less sensitive to structural effects
Dependent on land surface temperature
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Kirchhoff's law: e

From F.T.Ulaby, R.K.Moore,
A.K.Fung: Microwave Remote
Sensing: Active

and Passive Vol.1, Artech
House (1981)
= T il == TN 4

1- r where r is the reflectivity
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O J 0] 0 0
0 =0 Surface t+o Volume to Interaction

Graphic by M. Vreugdenhil, TU Wien
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Soil scattering and emission is principally driven by
« Soil dielectric constant

e Soil moisture

e Texture

!
€ soil

Soil Dielectric Constant e

124
€ soil

Behari (2005) Microwave dielectric
behaviour of wet soils, Springer, 164 p.
Soil Moisture (m3m-)
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[dB] = A+ Bmy,

-am!

_9 4+Bnu In10(A+Bmy)
ol o [m*m~2%) =10 = e 10
m, = soil moisture
A = dry soil backscatter
B = sensitivity

= e

bmy,
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Soil scattering and emission is principally driven by

» Soll surface “roughness”
* Relative to wavelength

 Dependent on soil moisture
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Roughness affects the distribution of the scattered energy
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Many models exist to describe surface roughness
Geometric Optics Model
Small Perturbations Model
Integral Equation Model

Approximations must be made — How do you quantify roughness?
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O J 0] 0 0
0 =0 Surface t+o Volume to Interaction

Graphic by M. Vreugdenhil, TU Wien
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The effect of the vegetation optical depth on the
emissivity. At H-polarization,

the sensitivity of the above canopy emissivity is
severely reduced at an optical depth of about

0.7.

de Jeu, R. A. M. (2003). Retrieval of
Land Surface Parameters using
Passive Microwave Remote Sensing.
[PhD-Thesis - Vrije Universiteit

Amsterdam].
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Water cloud model (w — t model)

__ZT —2T
0°(0) = 0°,(0)ecosb + wcosh (1 — pcos0
\
e
al - \ .'t B ) .'ke:Mae
AN s k-_%:}\!cy&
V

77 7777 77T
Graphic by M. Vreugdenhil, TU Wien
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ks = No,
k., = Nao,
) =%ﬂ Single Scattering Albedo
T = ked Vegetation Optical Depth
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—2T -2t
0°(0) = 0°,(0)ecosb + wcosH (1 — ecos6

Remember bare soil backscatter:

ks \ [ Zked] _2ked
0°(0) = | 5~ |11 — ecosFlcosO + 0% (6)e ™ cosd

0°; = ael™

k. [ _2ked] ym _2ked
0°(0) = | —— |11 — e cosblcos® + acosfe” v cosb
2ke
_— 01 22 — W 4 jJl = S 1111 = = = = B Il 22 e= B =

= am [+

22



ks _M bm _2ked
0°(0) = [1 - eCos8lcost + acosge?™ Coss
2ke
¢ = No, k. W | o | |
" 2No, 2ke 2 C Is related to the extinction and scattering of the particles
DW = 2No, = 2k, D is related to the extinction of the particles:
2k, d = 27

(, _ ~Dway pm ~DWd
0°(0) = CcosO \1 — e cosb6 ) + acosfe”""v cosb
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How do we calibrate, a, b, C and D?

- 4 11

(i

Radar over corn field.

Courtesy of S.C. Steele-

Dunne, TU Delft
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[ Crop Type: Alfalfa
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Fig. 2. Measurements versus model predictions of ¢° for alfalfa, corn, milo, and wheat.
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Radiative transfer model — passive systems

T, = (e,Tewss +(1— w)T, (1 - ewd)+(1 - w)T, (

Graphic by M. Vreugdenhil, TU Wien
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Nonlinear iterative forward modelling procedure

Tb - (erTs)e(:;? +(1 - O))TC (1 - ec;W)+(1 — — er)ecose

Single scattering albedo and temperature are known

Optimizing transmissivity I' = transmissivity = e ~*/€°s% and emissivity e,

Dielectric mixing model to obtain soil moisture from emissivity
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Change detection method — Active systems

Graphics by S. Hahn, TU Wien
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Low signal-to-noise ratio (known from error propagation)
* Vegetation
* Mountainous regions
« Urban areas
Where does the model fail?
 Frozen ground
* Snhow cover
» Water surfaces

Known issues

« Changes in land cover (urban sprawl, deforestation, etc.)

« Radio frequency interference
» Sub-surface soil scattering
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SATELLITE DATA SOURCES
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Satellite / Product |Cov. [res. Latency [sampling |coverage |Organisation|Access

ESA CCI SSM 1978- 1-2d  Year 0.25° Global Free
C3S SSM 1978 10d 10d 0.25° Global Free
H SAF ASCAT SSM

CDR 2007- 1-2d Year 12.5 km Global Free
H SAF ASCAT SSM

NRT 2007- 1-2d 1d 12.5 km Global Free
CGLS ASCAT SWI  2007- Daily 3d 0.1° Global Free
SMOS L2 SSM 2010- 1-2d 1d 36 km Global Free
SMAP L3 SSM 2015- 1-2d 1d 36 km Global Free
SMAP L4 RZSM 2015- Daily 7d 9 km Global Free
CGLS S-1 SSM 2015- 3-24d 1d 0.5 km Europe Free
CGLS SCATSAR SwW12015- 1-2d 3d 0.5 km Europe Free
VanderSat 2002- Daily 100m request t Paid
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https://www.esa-soilmoisture-cci.org/node/145
https://cds.climate.copernicus.eu/portfolio/dataset/satellite-soil-moisture
http://hsaf.meteoam.it/description-h25-h108-h111.php
http://hsaf.meteoam.it/soil-moisture.php
https://land.copernicus.eu/global/products/swi
https://smos-diss.eo.esa.int/socat/SMOS_Open
https://nsidc.org/data/SPL3SMP/versions/6
https://nsidc.org/data/SPL4SMGP/versions/4
https://land.copernicus.eu/global/products/ssm
https://land.copernicus.eu/global/products/swi
https://www.vandersat.com/

ESA CCI Soil Moisture (ECV, 2010) as a successful response to the need for

independent, consistent, observation based and multi-decadal climate data

records, having:

12000+ registered users

100+ publications per year
Benchmark in BAMS State of the Climate

A collaboration

between
k plgner.
N
ETH:zurich
INRAY

o AV,

A@ESBIO N

r— -
VanderSat

34

;\‘I%
71 ]

+

= am [+



CCIl+ Phase 1 start v04.7 v05.2 v06.1 v07.1
PASSIVE ﬁ“
. Operational, |
updated
b
Before :
1
- Added with
1 ; :
\_
ACTIVE -
Version ASCAT-B t
7.1 is how - ASCATC
available!
1975 1980 1985 1990 1995 2000 2005 2010 2015 | 2019 2020 2021 2022 | -
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Extension, increase robustness by adding and updating satellites

Consistency, improve merging and calibration on all levels

Model independency, remove impact from LSM where possible

Skill, best reflect actual conditions by improving retrieval algorithms

Understand, both the strengths and weaknesses of the datasets

v7.1

v6.2

Soil Moisture anomalies derived from the ESA CCI SM (2 versions)
using the 1991-2020 reference period
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NRT

updated dekadal
Latency 10 days

1978 — now

0.25°

daily, dekadal, monthly

http://climate.copernicus.eu/
-_— 10 1] O S = == B3 Il 2 e=2 Bl == m= im I+l
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AMI Scatterometer

Frequency: 5.3 GHz
Polarisation: VV

Resolution: 50 km
Daily coverage: <40%

Satellites
ERS-1: 1991-2000
ERS-2: 1995-2011

METOP ASCAT

Frequency: 5.255 GHz
Polarisation: VV

Resolution: 25 km
Daily coverage: 82%

Satellites

METOP-A: 2006
METOP-B: 2012
METOP-C: 2018

—_— e= O

METOP-SG SCA

Frequency: 5.355 GHz
Polarisation: VV + VH +
HH

Resolution: ~12.5 km
Daily coverage: ~88%

Satellites
METOP-SG-B1: 2022
METOP-SG-B2: 2030

38
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NRT

Latency 2 hours
2007 — now
12.5km
Sub-daily

- 4 11

http://hsaf.meteoam.it/soil-moisture.php?tab=5
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ASCAT SSM NRT 6.25 km — Metop-B/C (H122, Q2 2023)
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C-band SAR satellite

High spatio-temporal coverage

- _ Il = 4 11

Spatial resolution 20-80 m

Temporal resolution < 3 days over Europe and Canada
with 2 satellites

Vienna seen by Copernicus Sentinel-1 in
summer 2015 (multi-temporal false color
composite)
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Copernicus Global Land
1 km Sentinel-1 SSM for Europe

1 km ASCAT/Sentinel-1 SWI
data for Europe

NRT

Daily

Latency 24-48 hours

2015 — now

500m

1-4 days
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Bauer-Marschallinger et al., 2018, Towards Global Soil Moisture Monitoring with Sentinel-1: Harnessing Assets and
Overcoming Obstacles”, in IEEE Transactions on Geoscience and Remote Sensing
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VALIDATION AND
QUALITY ASSURANCE
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Estimating systematic and random errors through analytical comparison to reference data

Validation can be done using:
* Field campaigns
* In situ networks
 Model data
« Satellite products
Common metrics:
Pearson correlation coefficient

Unbiased Root Mean Square Difference
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Using http://ga4sm.eodc.eu

made with QA45M (qadsm.eodc.eu

Correlation (Pearson) of the C3S v201912 COMBINED product with GLDAS v2.1 (covering the time
period 2000-01-01 to 2019-12-31)
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-

63 networks
2631 stations

- )=

https://ismn.geo.tuwien.ac.at/en/
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Keeping flags from provider (rarely
provided)

quality flag added to each
measurement (CEOP standards)

2) Geophysical
Consistency

1) Geophysical
Dynamic Range
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3) Spectrum

Based
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Soil moisture can vary within one field with
the same land cover

Temporal stability concept

HOAL Soil Moisture
Network, Petzenkirchen,
Austria
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CRNS: Cosmic Ray Neutron Sensor

HOAL: Catchment average of 31 TDT measurements
ASCAT: 25 km ASCAT soil moisture retrievals (yellow)
S-1: 1 km Sentinel-1 soil moisture retrievals

Hydrological Open Air Laboratory (HOAL) in Petzenkirchen, Austria
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EXAMPLES AND APPLICATIONS
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Anomalies of modelled temperature and precipitation, and
satellite soil moisture anomalies for 2021.

http://climate.copernicus.eu/
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droughtwatch.eu
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https://www.esa.int/Applications/
Observing_the_Earth/Copernicus/
Sentinel-
1/Zooming_in_on_drought_from_
space
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https://www.esa.int/Applications/
Observing_the_Earth/Copernicus/
Sentinel-
1/Zooming_in_on_drought_from_
space
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Jacopo Dari —Friday
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Discharge and improvements of statistics for two catchments in Umbria, Italy. Azimi et al., 2020 JoH.
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Torgiovannetto Landslide in Central Italy

64



MOD

Comparison between observed
(circles) and estimated
(triangles) crack aperture of the
Torgiovannetto Landslide

in Central Italy from the
beginning to the end of the
selected rainfall events.

MOD

Brocca et al. (2012) Improving Landslide Forecasting Using ASCAT-Derived Soil Moisture
Data: A Case Study of the Torgiovannetto Landslide in Central Italy, Remote Sensing, 4(5),
1232-1244.
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Freely available @ Zenodo
https://zenodo.org/record/2591215

Brocca et al. (2019) SM2RAIN-ASCAT (2007-2018): global daily
satellite rainfall from ASCAT soil moisture, Earth Syst. Sci. Data, in
press.
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Best performing rainfall product based on the results of a triple collocation
analysis according to Brocca et al. (2019).

« GPCC = gauge-based Global Precipitation Climatology Centre data set
« GPM = Integrated Multi-Satellite Retrievals for Global Precipitation

Measurement
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Mybinder link

Read and analyze CGLS Sentinel-1 and C3S soil moisture data

Trend analysis
ISMN comparison and validation
Outlook on drought analysis
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Thank you for your attention!
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