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A New Generation of Data Sources
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Copernicus is a European space flagship programme
led by the European Union

ESA coordinates the space component

Copernicus provides the necessary data for
operational monitoring of the environment and for
civil security

Free and open data policy

European Space Agency



Copernicus Space Component: S
Dedicated Missions the Sentinels &\“ eSad

‘ S1: Radar Mission
m‘m’
@ S2: High Resolution Optical Mission

N N0,
‘ S3: Medium Resolution Imaging and Altimetry Mission
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O
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Sentinel—1: C-band SAR mission

v' Data continuity of ERS and ENVISAT missions

v' Copernicus radar imaging mission for ocean, land, emergency
Applications:

e monitoring sea ice zones and the arctic environment
= surveillance of marine environment (e.g. oil spill)

e maritime security (e.g. ships)

e wind, wave, current monitoring

e monitoring of land surface motion (subsidence, landslide,
tectonics, volcanoes, etc.)

e support to emergency / risk management and humanitarian aid
in crisis situations

= mapping of land surfaces: forest, water and soil, agriculture,
urban etc.

= o.as
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I 0.90
4.00
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SAR continuity monitoring &%esa
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« Mission based on 2 satellites
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S-1 SAR Operational Modes

GRD Level 1 swath Polarisa

. product . -
Operational Modes resolution Width -tion

HH+HV or
50m (3 ENL) > 400 km VV4VH
20m (5 ENL) HH+HV or

> 250 km VV+VH

HH+HV or
9m (4 ENL) > 80 km VV4VH

20 x 20
50m (140 ENL) km= at 100 HH or VV
km spacing

Main mode over land and
CoaSta| areas European Space Agency
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S-1 operational product family &

IW/EW SM

Level O RAW

Resolution class

S

| 1
High Res.

S-1
Core

Medium
Res. (MR)

(HR)

Level 1 < -
product —90m Sﬁ?;\?v
family Eom EW

WV

European Space Agency



Overall Sentinel-1 mission status

v Sentinel-1A launched on 3 April 2014 on Soyuz from Kourou
v Nominal orbit reached on 7 August 2014

v Sentinel-1A commissioning phase completed on 23 September 2014
v' Data flow opened to all users worldwide on 3rd October 2014

v' Copernicus services (Marine and Emergency in particular) are
operationally using Sentinel-1 data

v Sentinel-1A Operational Qualification phase (ramp-up) completed with
the 1st Yearly Routine Operations Review on 9 June 2015

v Sentinel-1B satellite under development, launch foreseen in April
2016




Mission Phases

Sentinel-1 full mission exploitation capacity based on the routine operations of the 2-satellite constellation

=>» gradually achieved --

S1 Full Operational
Capacity

S1B
Operational
qualification

S1A Routine Operations

S1A Operational qualification

S1A Space Segment
: Commissioning
) §

S1B Space
_ Segment
' Commissioning

1St SlA I . .
S1A-Launch S1A IOCR MUAS S1B Launch S1 Mission
3 April 2014 Sep ROR Nov 2015 April 2016 ROR

2014 9 June ~ end 2016

2015 European Space Agency



Sentinel-1A system status

v' Overall very good performance of the satellite

v Flight Operations Segment (FOS) performance nominal, operations
migrated to the full Routine set-up and working practice, achieved by mid
February 2015

v' Very good performance of the Payload Data Ground Segment (PDGS),
operations run smoothly, very high data throughput achieved already in
early stages of the mission: more than 3 TB of products generated
daily

v Level-0 and Level 1 products operationally qualified, level-2 products
(Ocean Products) full operational qualification on-going (geophysical
validation)

v' First inter-orbit optical link campaign between Sentinel-1 and Alphasat
Technology Demonstration Payload TDP-1 successfully performed in
Autumn 2014. Routine characterisation phase currently on-going




Sentinel-1A observation scenario
Main components & thematic domains

Agriculture European coverage Forestry

Calibration/validation Comner Maritime

0=
®
»n
Q

surveillance

Zonal mapping _
| RS o Emergency

Tectonic active areas

and volcanoes / \ ‘ .
landslides and R R
subsidence s

Ice sheets, glaciers,
Sea state Sea-ice, icebergs, permafrost and
lake-ice snow




Sentinel-1 observation scenario

European coverage

* Full consistent coverage in ascending

i and descending passes every 12 days
SENTINEL-1A - European coverage

* |IW mode, VV+VH polarisation

* Including Mediterranean Sea, Black
Sea, Baltic Sea and North Sea, EEZ of
continental Europe in the Atlantic
Ocean

e Europe defined as EU-/ESA-/EEA-38
member states

_ * Including (especially tectonic active)

- ‘ parts of the Maghreb and Middle East
to avoid coverage fragmentation due
to instrument switches

* Main observation area, resulting from
various requirements

ESA UNCLASSIFIED — For Official Use European Space Agency



S e m Scientific Toolboxes Sentinel-1A | eSa

scientific exploitation RESULT Mosaic of EUROPE
of operational missions

Contains modified Copernicus Sentinel data [2014]

Europe Mosaic
(R:VH G:VV dB B:VV)
processed by

S1TBX/SNAP

e

“This is amazing job guys - this will set new ground for a wide community of (new) users"



Sentinel-1 observation scenario

Global tectonic and volcanic areas

- S SENTINEL-1A - Tectonic active areas and
volcanoes / subsidence and landslides

-

.

ESA UNCLASSIFIED — For Official Use

BLUE: Acquisitions in IW mode,
VV+VH polarisation, every 12 days
ascending and descending

BLACK: Acquisitions in IW mode, VV
polarisation, every 24 days ascending
and descending, alternating asc and
desc passes every 12 days (i.e. repeat
on the same track every 24 days)

Stripmap mode (SM) acquisitions
over selected small volcanic islands

Increased sampling density over
supersites outside Europe

About one third of global landmass
covered regularly under this frame

European Space Agency
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INSARAP studies

4 .J.r‘.

Chile Earthquake, Septemb 2015

8.3 M earthquake, central Chile, 16 Sep 2015
Interferogram with Sentinel-1 IW acquisitions on 24 Aug
and 17 Sep 2015

Estimated displacement of 1.4 m along the viewing
direction of the radar observation

© Contains modified Copernicus Sentinel data (2015)/ESA
SEOM INSARAP study PPO.labs/NORUT

Results from
regular and global
acquisitions

//’—;,—
=
i

-CSd

Afghanistan Earthquake October 2015

* Interferogram with Sentinel-1 IW acquisitions on 06 and 30
October 2015

¢ Ground deformation

Courtesy of Petar Marinkovik PPOLabs SEOM INSARAP
© Contains modified Copernicus Sentinel data (2015)/PPOLabs
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Sentinel-1 observation scenario & @Sa

Agriculture and forestry priority areas

d

=R SENTINEL-1A - Agriculture / Forestry

ESA UNCLASSIFIED — For Official Use

BLUE: Acquisitions in IW mode, VV+VH
polarisation, every 12 days ascending
and descending

BLACK: Acquisitions in IW mode, VV+VH

polarisation, every 12 days in one pass
e Repeat over parts of SE-Asia IW VV+VH
currently every 24 days, plus
complementary acquisitions in IW VV
* North Andes and Tanzania covered with
lower frequency (dedicated campaigns
for forestry monitoring)

Agriculture focus: mainly based on

requirements from

* wet rice crop monitoring (e.g.
GEOGLAM)
* soil moisture retrieval

Forestry focus: mainly based on
requirements from
e GFOI
* regions with high risk for illegal logging
*  Mostly cloudy tropical rainforests

European Space Agency



Agriculture application examples resulting s
from regular Sentinel-1 acquisitions & eSa
Rice monitoring, Mekong Delta, Vietnam

" innovators
georice

MOnitOFing of Winter-Spl’ing rice © Contains modified Copernicus Sentinel data (2015)

100 km x 70 km, 20 m resolution

The Mekong Delta,
Vietnam

300 km x 300 km
20 m resolution

[ Rice: early stage
1 Rice: tillering stage

1 Rice: reproductive stage

[ Rice: maturity stage

T Non rice (forest, other LULC)
I \Water (ocean, river, aquaculture)
|

P "~ innovators , ,
“Asna RiCE * georice Land outside the Vietnam Mekong delta

Estimation and Monitoring

ESA UNCLASSIFII!For Official Use European Space Agency



Agriculture application examples resulting \
from regular Sentinel-1 acquisitions \ eSa
Rice monitoring, Mekong Delta, Vietnam

innovators

georice

Monitoring of Winter-Spring rice © Contains modified Copernicus Sentinel data (2015)

100 km x 70 km, 20 m resolution

The Mekong Delta,
Vietnam

300 km x 300 km
20 m resolution Rice: early stage
Rice: tillering stage
Rice: reproductive stage
S - Rice: maturity stage
V.A.S. T Non rice (forest, other LULC)

innovators Water (ocean, river, aquaculture)

— Land outside the Vietnam Mekong delta
Asia-RiCE georice

ESA UNCLASSIFII! For Official Use European Space Agency




Agriculture application examples resulting

: L s
from regular Sentinel-1 acquisitions &\?esa
Rice monitoring, Mekong Delta, Vietnam

innovators

georice

Monitoring of Winter-Spring rice © Contains modified Copernicus Sentinel data (2015)

The Mekong Delta,
Vietnam
300 km x 300 km
20 m resolution Rice: early stage
Rice: tillering stage
Rice: reproductive stage
Rice: maturity stage
Non rice (forest, other LULC)

innovators Water (ocean, river, aquaculture)
— Land outside the Vietnam Mekong delta

’fé Asia-RiCE

Crop Estimation and Monitoring gE'U I'i Ce
ESA UNCLASSIFII£ For Official Use European Space Agency




Monitoring of Winter-Spring rice

The Mekong Delta,
Vietnam

300 km x 300 km
20 m resolution

>

VA.S.T
A . " innovators
,,3 Asna RiCE ’ —

ation and Monitoring georlce

ESA UNCLASSIFII! For Official Use

¥ . innovators Agriculture appllcatlo_n examples_ re_sultlng \\

' ——— from regular Sentinel-1 acquisitions K
georice . . . -

' Rice monitoring, Mekong Delta, Vietnam

\\\\\\

eSa

© Contains modified Copernicus Sentinel data (2015)

100 km x 70 km, 20 m resolution

Rice: early stage

Rice: tillering stage

Rice: reproductive stage
Rice: maturity stage

Non rice (forest, other LULC)

Water (ocean, river, aquaculture)
Land outside the Vietnam Mekong delta

European Space Agency



Sentinel-1 observation scenario

Ice sheets

v 1 SENTINEL-1A - Ice sheets

ESA UNCLASSIFIED — For Official Use

e Allyear: Acquisitions in IW mode, HH
polarisation, every 12 days on selected
tracks over the complete Greenland
shore, the Antarctic Peninsula and the
main outlet glaciers of Western
Antarctica (Thwaites and Pine Island
glaciers)

* Frequent: Acquisitions over Svalbard in
IW mode, HH polarisation

e Campaigns: IW mode, HH polarisation,
3-4 consecutive repeats on the same
tracks.

* Greenland: ASC + DSC tracks. Including
Baffin and Ellesmere islands. Ideally
twice a year

* Antarctica: ASC or DSC. S1A can see up
to 78.5 deg. S. One full campaign during
Antarctic winter, one potential campaign
(ice edge only) during Antarctic summer

European Space Agency



Sentinel-1 observation scenario

Greenland Ice Sheet Campaign

)1.2015 - 09.03.2015 (Greenland ice sheet campaign) Greenland
campaign:

80°N

v ~750 IW SLC
&5 e scenes from
ot Y SNt ) 16.01.2015 to
P~ = Fp e j v 09.03.2015

& v Cumulative

1 SAR operation
b time of > 5
"% hours

e : ki : Greenland
70°N <. iRk - i overall:

v/ > 1300 GRDH

and 1300 SLC

~— products since
Oct 2014

Legend

ks v ~ Cumulative

SAR operation
/ o time of > 9
hours

<001 ONnitoring of coastal

0 100 200 300 400 km : cycle with 6 tracks
I S S N
40°wW 30°w

60°N

50°W European Space Agency



Sentinel-1 observation scenario
Maritime surveillance

\g;:wu SENTINEL-1A - Maritime surveillance

* Frequent acquisitions in IW mode,
dual polarisation ASC + DSC, over
North Sea, Baltic Sea, European

et coastal waters

* Frequent acquisitions in IW and EW
mode, ASC + DSC around Iceland,
Azores and Canary islands

* One pass coverage of EEZ in IW
®e mode over French Islands in the
Indian Ocean and around
Newfoundland

ESA UNCLASSIFIED — For Official Use European Space Agency



Sentinel-1 observation scenario
Zonal mapping

o PERITNELEER = Conal napiing e IW mode, VV+VH polarisation, one pass

e Acquisitions following a zonal approach,
prime acquisition windows prevailing
regional dry season conditions

e Continuous acquisition zones (e.g.
Tectonic active areas) become upgraded
to dual polarisation whenever they fall
into a regional zonal acquisition window

e Revisit per zone several times a year

* Main driver: emergency reference
mapping, low frequency global
applications (e.g. forest mapping, land
use, urban area mapping...)

ESA UNCLASSIFIED — For Official Use European Space Agency



Example of Zonal mapping results W
- Mosaic of India - . €Sa

Sentinel-1 IW mode, VV+VH
polarisation, acquired end February /
beg March 2015

SENTINEL-1A - OBSERVATION SCENARIO 26.00.2015 - 10.03.2015 (CYCLE 42)

Myanmar
{Burma)

B T (HH) * W (HH)} CALIBRATION SITE
W (HH-H ) /] CALIBRATION SITE

DUGCHERRY
il

Courtesy of SARMAP
© Contains modified Copernicus Sentinel data (2015)

LAKSHADWEEP

Cinole

7 _ o European Space Agency



Sentinel-1 observation scenario

regularly published online
(current repeat cycle 62: from 24 October to 5 November 2015)

[0 EW (HH) e EW (HH) I IW (HH) e IW (HH) e SM (HH) + CALIBRATION SITE
EW (HH-HV) ® EW (HH-HV) IW (HH-HV) © IW (HH-HV) ®  SM(HH-HV)
CEW (W) o EW (W) W (W) e IW (W) ® SM (W)
EW (W-VH) © EW (VV-VH) IW (VV-VH) o IW (W-VH) o SM (W-VH)

https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-1/observation-scenario

ESA UNCLASSIFIED — For Official Use European Space Agency



Open and Free On-Line data access

You are here  Home » Data Access

- Data Access Navigator

COMTNG SODN

Open & Free on-line data access
to S1 operational user products
to “scientific/other-use users”
since 3" October 2014
on https://scihub.esa.int.

Lk Lo aciess dala

sentinel
data hub

Stientific and
Other Access

< d v i [(Search | advanced ssarch
Reguest dane : *

Display 1 to 100 of 71,606 products

* Access through self-registration B aHE
. . . !\A_M_,SI.C_L!?\'_ZMH! 19T160710_201 m"“;m;ﬁ&’hméwn
e Automated download scripting published ... QA HE
e Restriction on concurrent downloads i e e D aHE
» All data published since 3" October 2014 still . :
. . Currently on-line available products:
available on line

e |W, EW,SM LO & L1 systematic products
e WV L2 OCN products
e |W/EW L2 OCN products

e Data access will be enabled for archive data when
roll-out will be activated (before end 2015)

European Space Agency


https://scihub.esa.int

Sentinel-1 User and Data Statistics T

eSda

(“Scientific / Other Use” data hub) &

By 15 October 2015: Number of Sentinel-1A products available for download

300000 7

v 12,587 users registered on the scientific
data hub 250000

200000

v 2.3 million products downloaded by
users, representing 2.7 Petabytes of data

150000 <

100000 <
Currently more than 292,000 products soc0 +
available for download

4 o o o - 4 & § o s i
e e e T

¥ Mumber of Santinal-LA products avallable for download
Number of registered users since registration

opening on 30 March 2014

Number of Sentinel-1A products downloaded by users

14000 7

o T T T T T
6-0ct B-Mow  B-Dec  B-Jan  6-Feb &-Mar  B-Apr &6-May  B-lun &-Jul  &-Aug  B-Sep  B-Oct

2500000
12000
10000 t 2000000 }
000
1500000
6000
4000 ! |
000 -+ |
| | | =
] ‘H
& ?gxy ?.-_ .I"}“"ﬁ gﬁ‘ qf' \‘ﬁq} '{}* xﬂ 'b \"\} .“}ﬂ?ﬁ@fqﬂ . ' .,.IJ]lIIJIII‘| |

E A '»a?fﬂ;*

M Mumber of registered usars

M Number of Sentinel-1a products downloaded by usars



S. &) m Scientific Toolboxes

DEVELOPMENT

SNAP Cumulated Unique Downloads
4000

Sentinel 1 Toolbox

3000

mmmmm \Vindows 32 bits
s Windows 64 bits
m— | inux

mmm— Mac OSX

e Multi-mission Scientific Toolboxes

* Developed as open source software
¢ common architecture

e Portable to a Cloud infrastructure

2500

2000

1500

Cumulated Unique Downloads

1000

Download SNAP-S1TBX http://step.esa.int/

S1TBX: Array Systems 0
Computing (CANADA)

SNAP Cumulative weekly unique downloads by OS

+ EUROPEAN SPACE AGEMLY ABOUTUS  OUR ACTIVITIES FOR PUBLIC  FOR MEDLA  FOR EDUCATORS  FOR KIDS

STEP (Science Toolbox Exploitation Platform)

¢ EO science collaborative portal

¢ Technical forum and community animation
¢ Gathering user feedback and usage

¢ Communicating on results

at http://step.esa.int/



https://sentinel.esa.int/
https://sentinel.esa.int/

Detail over UK & Ireland
processed by S1TBX/SNAP

Contains modified
Copernicus Sentinel data [2014]

wh



=
7

—

\

(tesa

Sem TOPS INSAR for Sentinel-1 Toolbox

SRS GIENGIE https://sentinel.esa.int/web/sentinel/toolboxes/sentinel-1

b

of operational missions

S1A TOPS Interferogram
Mt. Etna

TOPSAR Chain

Master Slave

T

—»
DEM

—————
* i

Mosaicked
product

O ——

European Space Agency




SE.m Sentinel-1 TOPS Interferometry

f‘"v;“w”“ fic exploitation processed by SNAP/Sentinel-1 TBX

ope ratic s“’%f missions

“I met with Scott last week and he showed
me some really nice TOPS interferograms
generated using the Sentinel-1 toolbox which
is freely available from ESA. Scott said it
could be easily scripted to bring it into a

production environment. ”
Prof. David Sandwell
COMET Board discussions

“I would like to thank the European Space
Agency for making available to scientists with
the Sentinell toolbox. I would like to inform
you that the software is used in our University |
for educational purposes within the '
‘ undergraduate and postgraduate courses.
I would also like to thank you for the support
given by the ESA team at all our questions
about the operation of the software and we
hope soon to have new versions that will

increase our capabilities.”
Prof. Issak Parcharidis
Harokopio University of Athens

Eruption

European Space Agency

Contains modified Copernicus Sentinel data [2014]



R&D Sentinel-1 TOPS

INSARAP studies Interferometry

September 16, 2015, earthquake of
magnitude 8.3 in Chile.

interferogram combining S1A from 24th
August and 17th September

Fringe pattern suggests about 140 cm Line-
of-Sight ground displacement.

Geophysical product available at INSARAP.org
500+ downloads in 2days

Science blog 140K views
http://space.io9.com/this-is-how-much-the-
ground-moved-during-chiles-massive-1731767430

ESA website Image -24105 views

http://www.esa.int/spaceinimages/Images/2015/0
9/Chile earthguake on the radar

European Space Agency

Contains modified
Copernicus Sentinel data [2015]



http://insarap.org/
http://insarap.org/
http://space.io9.com/this-is-how-much-the-ground-moved-during-chiles-massive-1731767430
http://space.io9.com/this-is-how-much-the-ground-moved-during-chiles-massive-1731767430
http://insarap.org/
http://insarap.org/

"
Ty,

Contains modified:%
Copernicus Sentinel data [2015]

Along Track Motion from Sentinel-1
Measuring Additional Motion Component from TOPS

Google Earth .

=
®
n
Q

Study of the phase
difference in the burst
overlaps indicates about 50
cm of horizontal (along
track) motion.

LOS backward LOS forward

1.2 deg for EW
/- 1.6 deg for IW

—'—

Target on the ground

Motion along the azimuth direction
can be measured from phase double
difference of burst overlap regions
(targets viewed from different
angles within the 250km svgjath

-.:||:|E..)" Space Agency




Sentinel-1A IW TOPS data
acquired from October 3rd,
2014, until September 4th,
2015 were combined to
measure ground
deformation in Mexico City.

The deformation is caused
by ground water
extraction, with some
areas of the city subsiding
at up to 2.5 cm/month
(red).

cm/month

-2.50 2.50




- - (s,
I\I/?lg_Def(_)rmatlon &gesa
exico City - Recap

~500km (longitude)

Copyright: Copernicus data (2014)/ESA/PPO.labs-Norut—COMET-SEOM INSARAP study
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Sentinel-1 Assessment of the Interferometric Wide-Swath Mode (InSARap

Study)
Pau Prats et al IGARSS 2015
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