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Sentinel-1 — Just Another C-Band SAR Mission?
European C-band SAR satellite in continuation of ERS-1/2 and ENVISAT

What's New? “Simplify & Focus”
Operational monitoring concept

- Fixed acquisition scenario

«  Optimum use of SAR duty cycle
(25 min/orbit)

Two-satellite constellation
- 1A launched on 3/4/2014
- 1B launch in spring 2016

Improved technical specifications
- Dual polarisation: VV+VH or HH+HV e,

e

- Terrain Observation with Progressive (3.9° Yaw Steering): 591
-3.9° Yaw Steering): 7.81 m*
Scans SAR (TOPSAR) { i

- beam steering in the azimuth direction for each burst

Mean frontal area. during operational lifetime: 6.2 m?
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Sentinel-1 Observation Geometry
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ESA's Earth Observation Satellite Programme

Since 1990 2000 2006 2010 2030

1977 | | | | | >

Earthnet: European access to non-ESA missions: European
Landsat, SeaWifs, NOAA, JERS, MODIS, ALOS, Proba, Bird, Scisat... users
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Scientific Trends in Microwave Remote Sensing

= Scientific remote sensing community is keen on
- Novel sensor technologies
- Moving to longer wavelengths
- Adding more and more information layer

BIOMASS, ESA’'s 7t Earth SMAP, an active-passive

Explorer, is a P-band SAR L-band sensor for

to measure biomass and measuring soil moisture,

carbon stored in forests. launched by NASA on 31
January 2015
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From 150 km ASAR to 20 m Sentinel 1




Sentinel-1 Time Series
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Sentinel-1 Cross-Pol (VH) Images

Red — June
Green — July
Blue — August

False-colour image of Sentinel-1

VH monthly image mosaics 7



Sentinel-1 for Science

= Remote Sensing Science

Due to its high spatio-temporal coverage, Sentinel-1 will allow to observe
more physical phenomena than other SAR/scatterometer missions

Cross-polarisation data of this quality have never been available before

Also at C-band the interaction of microwaves with the land surface is yet only
partly understood

= Earth Sciences

Start from long, consistent, and complete data records
Need value-added geophysical data products

Good understanding of error characteristics more important than high
accuracy

= Sentinel-1 will have a much bigger scientific user community
than experimental microwave missions!
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Petabytes

Sentinel-1 Data Volume
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Earth Observation Data Centre (EODC)

Founded in May 2014 as a Public-Private Partnership
Mission
- EODC works together with its partners from science, the public- and the

private sectors in order to foster the use of EO data for monitoring of water
and land

EODC acts as a community facilitator
Joint developments

- Cloud infrastructure D
- Operational data services Il
- Software ﬁj/

- Open Source D

EODC works towards

a federation of data 018IE
centres \ ) e




EODC Infrastructure in Vienna

Virtual Machines Supercomputer
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VSC-3 Rank 85 of the World‘s most
powerful computers (11/2014)
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90°N

90°s

Sentinel-1 Data Availability @ EODC

Data coverage until 2015-10-21: Sentinel 1 IW, V/V polarization

150°E 120"E 90°E 60°E 30°E 0w 300w 60°W 90" W 1200w 150" W 180" W

Number of images )

40 50 60 70 80 90 100

Sentinel-1 data are currently available ~2,5 hours after its processing time
and 6,25 hours after acquisition time

Already more than 60 TB (>2,5 times our 10-year ENVISAT ASAR archive)
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Ramp-up of Sentinel-1
acquisition scenario to full
operational status

Up-to-date coverage maps available from https://www.eodc.eu/sentinel-1a-coverage-maps/
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Supercomputing Experiment

Vienna Scientific Cluster 3
- High-performance computing (HPC) system with 2020 nodes

- Each node has 2 processors Intel Xeon E5-2650v2, 2.6 GHz, and 64 Gbytes
of RAM

- Simple Linux Utility for Resource Management (SLURM)
Experiment

- Geocoding of 624 Sentinel-1 images from Austria, Sudan and Zambia with
Sentinel-1 toolbox

- Eachimage is about 1 Gbyte in size
- Serial processing with one processor would take about two weeks
Approach

- Parallel processing on 312 nodes whereas 2 images were simultaneously
launched on a single computing node

Results
- Processing was completed within 45 min (without queuing)
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ASAR Soll Moisture (2002-2012)

ENVISAT ASAR Global Monitoring
(GM) mode served as test bed for e T
demonstrating soil moisture . .
monitoring capabilities
- Full continents (Australia, Africa)
have been processed

- NRT capabilities demonstrated
Weaknesses

- Poor temporal coverage

- High radiometric noise
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_ _ _ First continental-scale 1km soil moisture
- High consistence W'_th ASCAT and product produced by TU Wien in the ESA
other global soil moisture products funded SHARE project

- Spatial details not contained in
ASCAT and passive sensors
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ASAR GM = ASCAT

| km 12.5 km

Surface Soil Moisture (%)
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Soil Moisture Retrieval for Sentinel-1

Baseline algorithm

- Change detection approach as developed for ERS SCAT and METOP ASCAT
and later adopted to ENVISAR ASAR

Science questions
- Impact of VV polarisation for Sentinel-1 versus HH for ENVISAT ASAR?
- Value of VH polarisation for improving soil moisture retrieval?
- How to improve the vegetation parameterisation?
Benefit from alternative modelling/retrieval approaches
- Theoretical backscatter models Corard Model

- Semi-empirical models /’ f0x ) \
- Statistical approaches To

_ Art|f|C|aI Neural Networks Geophysical Measurement Observable
Parameter Configuration Quantity
—- Support Vector Regression lQ
- Bayesian models K "/
A Inverse Model ~
X a(% 0) M
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First 1 km Sentinel-1 Soil Moisture Images

Relative Surface Soil Moisture Content
0 % I M 100 %
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Monthly SSM
image mosaic
for June 2015
over Austria
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First Sentinel-1 Soil Moisture Experiments at 20 m

Landsat image

Credit: google.com
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20 m Sentinel-1 Soil Moisture Index on 2014-11-08

Precipitation map 16:45 UTC
http://www.meteox.com
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20 m Sentinel-1 Soil Moisture Index on 2015-05-02

17:45 CET (15:45 GMT)

Precipitation map 16:45 UTC
Lioar 2 A o _ http://www.meteox.com
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Conclusions

Sentinel-1 (like the other Sentinels) will be highly beneficial for science!

but

Scientific challenges are underestimated

Apart from few exceptions, there are no Big Data infrastructures that allow
dealing with the vast volume and variety of the Sentinel data

Closer cooperation between public and private organisations needed
Gaps in the funding programmes need to be covered
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