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Two Years (2016-2017)
500 000 Sentinel-1 Images
1.1 PB total disk space
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Geophysical Data Retrieval

A Observing more physical processes implies
A model complexity increases

A need for more and better ancillary data | E = of(kx—wt)
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Datacube Processing Architecture

A From offline scientific analysis to online operations

Datacube processing lines for land monitoring applications
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Wagner et al. (2021) A Sentinel-1 Backscatter Datacube for Global Land Monitoring Applications,

Remote Sensing, 13, 4622.
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Datacube System based upon the Equi7Grid

Sentinel-1 ARD datacube: Concept of Equi7Grid data structure & time series access | Example for T3-tile over the USA

Equi7Grid subgrid
North America
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Bauer-Marschallinger et al. (2014) Optimisation of global grids for high-resolution remote sensing

data, Computers & Geosciences, 72, 84-93. Figure from Wagner et al. (2021) A Sentinel-1 Backscatter
Datacube for Global Land Monitoring Applications, Remote Sensing, 13, 4622.
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Sentinel-1 Preprocessing

Sentinel-1 SAR .
CopDEM S-1 orbit files .
elevation data RESORB | Level-1 preprocessing Data VOIume In TB
POEORE
h l e l Level-1 Sentinel-1 IW GRD data
- Embedded SNAP
IsegtF:BEI-1 prrr:)cgssi:?\g chain Year Africa Asia Europe NA Oceania  SA | Total
W GRDH orbit border noise
L1 image files | | =] DEM cutout correction | removal 2015 127 151 220 62 49 53| 662
. 2016 206 19.2 319 115 6.6 9.0 98.8
— 2017 450 539 718 314 184 231 | 2436
2018 48.0 58.1 70.3 353 202  24.7 | 2566
2019 94.4 61.1 119.9 38.5 21.1 26.9 361.9
Range-Dopp[er radiometric thermal noise 2020 97.3 63.3 130.7 414 21.3 28.6 382.6
terrain correction 3 slice gap filling ¢ calibration : removal Total  318.0 270.7 446.6 164.3 925 117.6 ‘ 1409.7

20 m Sentinel-1 datacube
Year Africa Asia Europe NA Oceania SA | Total

data encoding . resampling to IS tiling to 2015 25 29 43 12 11 1.0 13.0

& compression 20m Equi7Grid Equi7Grid tiles 2016 44 40 6.4 25 15 19 207

2017 9.8 119 14.6 6.9 4.3 49 524

2018 103 128 12.8 7.6 47 5.2 53.4

Sentinel-1 2019 169 194 235 134 7.6 8.6 89.4

Sentinel-1 SIGO + PLIA TR 2020 173 201 250 146 7.7 9.4 94.1
datacube tiled images Tegrity

co-registered quality checks Total 612 711 86.6  46.1 269 310 | 323.0

fmage stacks | 20m /.1iff

Wagner et al. (2021) A Sentinel-1 Backscatter Datacube for Global Land Monitoring Applications, /@"\
Remote Sensing, 13, 4622. \‘,/
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Sentinel-1 Crop Classification with Machine Learning

A Comparison of a Long-Short Term Memory (LSTM) network and Random Forest (RF) for crop

classification in 3 countries and 5 crop seasons

Reul} et al. (2021) Comparison of Long-Short Term Memory Networks and Random Forest for
Sentinel-1 time series based large scale crop classification, submitted.
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C-Band Backscatter from Forests

Coniferous forest
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Dostalova et al. (2017) Annual seasonality in
Sentinel-1 signal for forest mapping and forest
type classification, International Journal of Remote
Sensing, 39(21), 7738-7760.

Pfeil et al. (2020) Does ASCAT observe the spring
reactivation in temperate deciduous broadleaf
forests? Remote Sensing of Environment, 250,
112042, 13p.




Land Cover Classification

Sentinel-1 forest layers
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1 km Sentinel-1 Surface Soil Moisture

a) Drought: Italy Summer 2017 b) Rainfall Event: Po Valley 2017 July 11
Sentinel-1 SSM Monthly Mean Observed Cumulative Rainfall Sentinel-1 SSM (single observations)
2017 July 2017 July 10 | 0-24h 2017 July 10| 05:18
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Bauer-Marschallinger et al. (2019) Towards global soil moisture monitoring with Sentinel-1: Harnessing assets and m
overcoming obstacles, IEEE Transactions on Geoscience and Remote Sensing, 57(1), 520-539.




Scattering of Microwaves by Vegetation and Soill

A Radiative transfer model for bi- and monostatic scattering
A Generalised phase functions for modelling surface-volume interactions
A Available on GitHub: https://github.com/TUW-GEO/rt1

backscattered intensity:
I = I.su-rf + Lyor + Lint

first-order
w — T7—model

interaction contributions
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Quast et al. (2019) A generic first-order Radiative Transfer modelling approach for the
inversion of soil- and vegetation parameters from scatterometer observations, Remote

Sensing, 11, 285, 24p. aﬂ m




Sentinel-1 Soil Moisture Retrieval using a Radiative Transfer Model

mean N for 2017.1

12000
- --8000
4000

0.197

0.1

0.09
0.08
0.07
0.06
0.05
0.04
0.03

0.02
0.012

Quast et al. (2021) Soil
moisture retrieval from
Sentinel-1 using a first-order
radiative transfer model - a
case-study over the Po-Valley,
in preparation.




Sentinel-1 Soil Moisture Retrieval using Machine Learning

§ =

Google Earth Engine

International Soil Moisture Network
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Map Legend: surface soil moisture content [m*3m*-3]
0.2 1 Machine Learning Model Training 8 16 32
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Greifeneder et al. (2021) A machine learning-based approach for surface soil moisture estimations md m
with Google Earth Engine, Remote Sensing, 13, 2099, 21p. @“,



Earth Observation Data Centre m
Collaboration for Earth Observation

A Building a federated multi-owner IT infrastructure for
A Scientists
A Public services
A Innovators
A Users are partners who participate in decision making
A Development of collaborative services
A From data to model predictions

Petabyte Storage
Supercomputing
Cloud Platform

https://eodc.eu/




Scientific ICT Infrastructure

Technical Infrastructure for Sentinel-1 ARD datacube

VSC3+

OpenStack; for developing Ethernet storage for raw & processed InfiniBand supercomputing
& scientific analysis | 8x10 Gbit EO data I o oo for large processing jobs
Cloud Platform EO Storage / Data Repository ¥ High Performance Computing

OmniPath
scalable vCPU, RAM >10 PB HDD ] VSC3+,VSC4
Hybrid SSD >10 PB Tape || 6X100 Gbit >60000 cores, >200 TB RAM

Ethernet § _g Ethernet

%100 Gbit E (_._3 2x2x10 Gbit

cluster for near-real-time storage in separate location CSW API &
(NRT) operations HubWatcher
Operational Processing Cluster EO Storage / Backup EO Data Ingestion

vCPU, RAM HDD storage Copernicus Data Hubs /
SSD, HDD Tape storage National Mirror Austria

Wagner et al. (2021) A Sentinel-1 Backscatter Datacube for Global Land Monitoring Applications, @
Remote Sensing, 13, 4622. \‘,J'



Accessing the Global Sentinel-1 Data Cube

A Via Virtual Machines run on the EODC Cloud and user accounts on the VSC
A Data stored as GeoTIFF files and organized in folders according to the Equi7Grid tiling system

geographic logic file-system logic

georeferenced
8 image stacks
A pertile
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A yeoda toolbox

A Ny oearth observation
data accesso

A provides lower and higher-level
data cube classes to work with well-
defined and structured earth
observation data.

A https://github.com/TUW-GEQO/yeoda

A Upcoming: openEO

O
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openEO 1 connecting EO back-ends and front-end applications

-open
S EO data access, mimicking
&E O data cube structure
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Schramm et al. (2021) The openEO API - Harmonising use of Earth Observation cloud services
using virtual Data Cube functionalities, Remote Sensing, 13, 1125, 21p. m



RGB composites over Vienna generated from Sentinel-1 datacube via the openEO API
a) from Google Earth Engine Ty A & W A &

48.30°N

48.10°N

16.07°F ' 16.63°F
AR N | R —

MeanVV Mean VH  VH/VV t okm 6 15

openEO Use Case

A Sentinel-1 polarisation composite of Vienna
(March 2017) created at the Google Earth
Engine (top) and EODC back-end (bottom)
using the openEO API

A R=Mean of VV

A G=Mean of VH

A B=VH/VV

Wagner et al. (2021) A Sentinel-1 Backscatter
Datacube for Global Land Monitoring Applications,
Remote Sensing, 13, 4622.




Outlook

A The Sentinel-1 backscatter datacube is already available to interested users via the EODC
(on the basis of individual agreements)

A Besides R&D projects it serves Copernicus Services

A Land Monitoring Services: soil moisture
A

A We aimto

. flood monitoring

A improve access and usability of Sentinel-1 datacube
A federate with European infrastr,

) o
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