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The Copernicus Programme

Copernicus (formerly known
as GMES) is a European
space flagship programme
led by the European Union

Provides the necessary data
for operational monitoring of
the environment and for civil
security

ernicus

Europe’s eyes on Earth
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Copernicus Space Component —
Dedicated Missions: the Sentinels & eSa

‘ S3: Medium Resolution Imaging and Altimetry

0 S4: Geostationary Atmospheric Chemistry Mission

‘ S5P: Low Earth Orbit Atmospheric Chemistry Precurs.

‘ S5: Low Earth Orbit Atmospheric Chemistry Mission

c S6 (Jason-CS): Altimetry Mission o




Sentinels Operations Strategy

Main objectives of the Sentinels operations strategy:
* Reliable provision of data to Copernicus users

 Ensure systematic and routine operational activities

Sentinels operations approach:
« Sentinels are operated via a pre-defined background observation and
downlink plan

 Scenario is updated on a regular basis (e.g. 6 to 12 months) taking into account the
evolution of observation needs by the users

« All Sentinels acquired data is systematically downlinked and processed to
generate a predefined list of core products within specific timeliness
« Typically within 3 hrs after sensing for Near-Real Time, and within 24hrs after sensing

for Non-Time Critical
European Space Agency



Sentinel—1:

C-band SAR mission

v' Data continuity of ERS and ENVISAT missions

v Copernicus radar imaging mission for ocean, land, emergency

v Applications:

monitoring sea ice zones and the arctic environment
surveillance of marine environment (e.g. oil spill monitoring)
maritime security (e.g. ship detection)

wind, wave, current monitoring

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

support to emergency / risk management (e.g. flooding, etc.)
and humanitarian aid in crisis situations

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

European Space Agency
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Sentinel-1 Mission Operations Milestones

S1A launched Start of operational S1A S1A Operational Qualification phase

data delivery to Copernicus (ramp-up) completed with the 1%
Marine service Yearly Routine Operations Review on

on 3 April
2014 on
Soyuz from 9 June 2015
Kourou

S1A Data flow opened to
S1A Nominal all users worldwide on 3rd

S1B launched on 25
April 2016 on Soyuz

orbit reached October 2014 from Kourou

on 7 August
2014

S1A satellite S1A Products

commissioning operationally
phase completed on qualified
23 September 2014

S1A Space Segment
Commissioning

| 15t S1A
S1A-Launch S1A IOCR ROR
3 April Sep S nd
2014 2014 2015

S1A Routine Operz

i
: t{f j’

S1B Launch
25 April
2016

S1B
IOCR
Sep
2016

Start of EDRS use with
S1A on 23 Nov 2016

S1B Data flow operjed to
all users worldwidejon
26 September 201¢

S1B satellite commissioning phase
completed on 14 Sepgtember 2016
1st S1A-EDRS link and 1st S1A
EDRS products on 31 May 2016

S1B Products
operationally
qualified

S1 Mission
ROR
~ Q2 2017



SAR Operational Modes

Sentinel observation scenario main objective is to
establish a predefined stable conflict free observation plan

Operational Modes SRPIEEE S Swath Width | Polarisation
product resolution

Wide
2| B Mode B

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

> 250 km VV4+VH

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

20 x 20
50m (140 ENL) km2 at 100 HH or VV
km spacing

Main mode over land and
coastal areas European Space Agency

ESA UNCLASSIFIED — For Official Use
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Sentinel-1 carries an advanced synthetic aperture radar that works in several specialised modes to provide detailed imagery for Europe’s Copernicus programme. These data will be used for applications such as monitoring the oceans, including shipping lanes, sea ice and oil spills. It also provides data to map changing land cover, ground deformation, ice shelves and glaciers, and can be used to help emergency response when disasters such as floods strike and to support humanitarian relief efforts at times of crisis.



Sentinel-1 Operational Products

available to users

LEVEL-O PRODUCTS
Compressed, unprocessed instrument source packets, with additional
annotations and auxiliary information to support the processing.

LEVEL-1 PRODUCTS

Level-1 Slant-Range Single-Look Complex Products (SLC):
Focused data in slant-range geometry, single look, containing phase and
amplitude information.

Level-1 Ground Range Detected Geo-referenced Products (GRD):
Focused data projected to ground range, detected and multi-looked.

Data is projected to ground range using an Earth ellipsoid model, maintaining
the original satellite path direction and including complete geo-reference
information.

LEVEL-2 PRODUCTS

Level-2 Ocean products

Ocean wind field, swell wave spectra and surface radial velocity information as
derived from SAR data.

European Space Agency



Sentinel-1 Level 1 Operational Product

characteristics

Product Resolution Resolution Pixel Spacing No. Looks

Acq. Mode Type Class [Rng x Azi] [m] [Rng x Azi] [Rng x Azi]

SLC - 1.7x4.3to3.6x4.9 15x3.6t03.1x4.1
FR 9x9 4x4 2x2 3.9
GRD HR 23 x 23 10 x10 6 X6 34.4
MR 84 x 84 40 x 40 22 X 22 464.7
2.7x22to03.5x 22 23x17.4t03x 174 1 1
20 x 22 10 x 10 5x1 4.9
88 x 89 40 x 40 22 x5 105.7
- 7.9x 42to 14.4 x 43 59x34.7t0125x34.7 |1x1 1
GRD HR 50 x 50 25 x 25 3x1 3
MR 93 x 87 40 x 40 6x2 12
SLC - 20x4.8and 3.1 x 4.8 1.7x4.1and 2.7 x 4.1 1x1 1
GRD MR 52 x51 25 x 25 13 x 13 139.7

For Ground Range Products, the resolution corresponds to the mid range value at mid orbit altitude, averaged over
all swaths.

For SLC SM/IW/EW products, the resolution and pixel spacing are provided from lowest to highest incidence angle.
For SLC WV products, the resolution and pixel spacing are provided for beams WV1land WV2.

For SLC products, the range coordinate is in slant range. All the other products are in ground range. Furopean Space Agency



Sentinel-1 Ground Segment Data flow
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Sentinel-1 observation scenario
Main components & thematic
domains

N~
®
N
Q

Agriculture European coverage

Calibration/validation GG Maritime
surveillance

Global mapping
Emergency

Tectonic active areas
and volcanoes /
landslides and
subsidence

Security

Ice sheets, glaciers,
Sea-ice, icebergs, permafrost and

Sea state _
lake-ice snow

ESA UNCLASSIFIED — For Official Use



Priorities for accessing

Sentinel Resources

The priority scheme is based on the Copernicus Regulation (EU), the GSC Programme Declaration (ESA),
and the EU-ESA Copernicus Agreement and is reflected in the Sentinel High Level Operations Plan
(HLOP)

The following priorities, in descending order, are defined:

1 - Copernicus service use
Copernicus service providers, responding to the Copernicus governance, consisting of all
“Copernicus services” approved by the European Commission

2 - National utilisation by Copernicus Participating States in accordance with the
Copernicus Regulation and the GMES Space Component Programme Declaration and
by a number of EU institutions

3 - Other use
Cooperation agreements between EU and international partners, scientific use, other use

=>» Priority scheme used for managing the few potential conflicting user needs for accessing Sentinel
missions resources

Most of the potential conflicts are in practice solved by appropriate planning of shared resources
among the Sentinels two-spacecraft constellation Furopean space Agency

ESA UNCLASSIFIED — For Official Use



Sentinel-1 Constellation Observation Scenario

Observation pla i published
on Sentinel Online portal in

Sentinel-1 Constellation Observation Scenario: advance to its execution
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Sentinel-1 Constellation Observation Scenario

Sentinel-1 Constellation Observation Scenario:
Mode - Polarisation - Observation Geometry
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Sentinel-1 Constellation Observation Scenario
First operational outcome

The global observation
scenario has been
significantly enhanced with
the start of constellation
operations

A major additional
enhancement is foreseen in
2017 with the integration of
EDRS service and a 4th X-
band station

S1A & S1B planning Oct-Nov 2016

Sentinel-1 detailed acquisition segments provided as KML files at:'re" “pace Ageney
https://sentinels.copernicus.eu/web/sentinel/missions/sentinel-1/observation-scenario/acquisition-segments




Sentinel-1 mission operations / data production:
Status 2 years after Sentinel-1A data access opening

S1A Data flow opened S1A Operational Qualification phase

S1B Data flow opened on
on 3-10-2014 (ramp-up) completed on 9 June 2015

26-9-2016

S1 daily production volume [TB]

ok
af S1 operations
71 " ®51E Daily production vol [TE]
5 1 ~ E51a Daily production val [TE] generate

s currently
4 - 8TB/day,
af ~ 3PB/y
2 .
1
ol

o o g 6\;& @ﬂ;& {;;p \.f g, ¢ﬁ@ \,,D-"Pq&"'pqo*’ (;}ne: 4,,-“‘"'? g > \ﬁ« &ﬂc: ‘&ﬁq} ¢hcr:v @,‘-‘E} @"y “p;& 2 Fo
e R M M e e R
S1 Mission Op. . .
S1B Satellite | Qualification > I\/(I)|55|ont.Rout|ne
[ Commissioning perations
STA Satellite Commissioning! S1A Operational qualification S1A Routine Operations

A&/ /4 g — ‘_ L
S1B Launch S1B IOCR S1 Mission

S1A-Launch S1A IOCR
3 April Sep ROR 25 April Sep ROR
2014 2014 9 June 2016 2016 ~ Q22017

2015 European Space Agency



Sentinel-1 mission operations and data access concepts:

= Foster the development of many SAR-based applications

The Copernicus Sentinel data policy ensures open and free on-line access to Sentinel-1
products, stimulating SAR based applications in the operational and scientific domains, providing
equal opportunities to all users and facilitating the undertaking of new value-added activities

Sentinels Scientific Data Hub

| Display 110 102 of 102 products. SelectAll O «* 3
‘ Order By: Ingestion Date + — ! oy
‘ | | Request Done: { footprint:"Intersects(POLYGON((8.94577666582136 ﬁ
£1.745176688406985,10.98037373286603 ooy Gorztw
t 51:745176688406965,10.84037373286603 | " Wiielkapolski
“ B EGEE s18 1w _SLC_ 1S0V_20161020T053227_20161020T0832. .. ,,,“,im “iNede o Roewd
": [RB  Download UAL: hiips:iiscihub, copemicus,suahusodatai1 Products(: Den ?aag T Pl wieikoy
L_.r | Mission: Sentinei-1; Insirument: SAR-C; Sensing Date: 2016-10-29T0¢ Ilom‘:?\mm:h‘.' s
. b d i o G
1 = | |EE] EGXE 16w _SLC__1S0V_20161029T053252_201610207T0533.. L Anlw:er Yoo JERes e
S CI e ntlﬁ c H Ub ..,ﬁ_ Download URL: hitps:#seihut.copamicus suldhus bdata/v ! Products(* b'- n k painctead L
0 Mission: Sentinet-1; Instrument: SAR-C: Sensing Date: 2016-10-29T0: || | 1 . Watbrzych
5 5 -BE|quLIE oy o
. - é"" Bl.-h]ien apad. :
H H msuuw SLC__1SDV_20161026T170623_20161026T1706.. i
* Access through self-registration B stmn | \ e paaunie
| ", Letzebierg "L, Mai = i 4 Cesko
. . § Mission: Sentingl-1; Instrument; SAR-C: Sensing Date: 2016- !0-261"! | o Mannheim [rlanqrn y -
* Automated download scripting r [ Loy e ki flinin
1 -~ Reims. |
E) . | F Mtk Boyern -
capability and dedicated API-Hub N D 1A.1W_SLC._180V_20161026T170758_30161028TiTOM. Ny Sl Supen : Fo ,
E h i tras) W'Ig bortseeabory Ingohm: Budéjovice f
H 1 150 % e[ 1 lof1 CLOSE f Linz
* Restriction on concurrent downloads | ¢ o ; vl augirg ot
& i Orbians ~ 1~ B Munchen Sairburg | otisla

* More than 62,000 users registered

Today, more than 1 Million Sentinel-1 products are available on-line for
download, representing more than 1 PB of data.

. . . . European Space Agency
The complete mission archive has been downloaded > 7 times



Need Help? Contact Us

Missions ~ | User Guides ~

About sentinel online

Technical Guides ~

Thematic Areas ~

Data Access ~

Google™ Custon Search k:.g

Toolboxes -

You are here  Home

- Welcome to Sentinel Online

55 for International
Agreements = *,
- e e

r e B Access for Collaborative

click to access data

Learn more about the Sentinel missions here, with
comprehensive information about mission objectives,
spacecraft design, instrument payloads and data
products, as well as the latest mission news.

8 Read more

n o+ L]

There are many applications for the data acguired from
the Sentinel missions.

The Thematic Areas expand on six main categories:
land management, marine environment, atmosphere,
emergency response, security and climate change.

8 Read more

Elsnare | IEIEE

- Sentinel News

@ Sentinel-1 Level-1 SLC Production Scenario
@ Sentinel-1 detalled observation scenario
8 Sentinel-1 Product Format change

http://sentinels.copernicus.eu

B Sentinel-3 for Science Workshop
B ATMOS 2015 - Advances In Atmospheric
8 See all Sentinel Events

Sentinel-1 related
documentation and technical
notes are available

- Browse to Other Sites

12

EU Copernicus

P}

ESA Copernicus

Observing the Earth

Earth Online

CSCDA

Disasters Charter

ESA Climate Change Initiative

Ground Segment Coordination Body (GSCB)
eoPortal

Find us on Facebook

£ Follow us on Twitter

- Latest Results

[ I I e e

P}

European Space Agency



Weekly Mission Status Reports published online \\ uug

(140 reports issued since S1A launch

https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status

European
Commizzicn
—

esa

sentinel-1

+ RADAR VISION FOR COPERNICUS
Mission Status Report 1
Reforence Period: 3 April - 7 April 2014

Mission Status

- tinel-1A was
21:02UTC

= TheLaunch and Early Orbit Phase (LEOP) was successfully performed
according to the planned timeline and declared closed on 6 April at
16:00 UTC

= The Commissioning Phase has started

from Kourou on 3 April 2014,

Satellite

The LEOP covered the main following key activities:

= Deployments of the solar panels (including. rotation) and of the
Synthetic Aperture Radar (SAR) antenna

= Achievemnent of Satellite Nominal Mode and AOCS Nominal Painting
Mode

*  Switch ON and initial checks of the spacecraft sub-systems

= First operafions of the X-Band Ti and the SAR i (k]
min of Wave mode)

In addition, a collision avoidance manoeuvre was performed on 5 April

Ground Segment

= The Flight Operations Segment performed nominal during the complete
3 days of LEOP

= First X-band data acquisition took place at the Matera ground station on
6 April, early moming

= First SAR instrument data acquisition was performed on 6 April. The
related was at UK-PAC

* The FOS and the PDGS were declared ready to support the
commissioning phase

Outlook

= Start of platform and payioad commissioning activities

= First SAR isiti driven by the i PDGS mission planning
system are planned to start on 9 Apiil, as part of the initial verification
and calibration activities

= Start of orbit manceuvie sequence to acquire the target reference orbit.

Report prepared by the ESA Sentinel-1 Team -

esa

sentinel-1

Mission Status Report 140
Reference Period: 24 January 2017 — 30 January 2017

Mission status

s The Sentinel-1A and Sentinel-1B routine operations are on-going

» The Sentinel-1 cbservation scenario supports the systematic coverage of Copermnicus Services
areas of mterest, of Eurcpean land and coastal waters, of g\oba] tectonicivolcanic areas, as well
as of other specific areas ide for various tion plan also includes a
regular mapping of all land areas worldwide, with a flemmt:y largely increased with Sentinel-1B
in operations. Starting on 26 September 2016, the Sentinel-1 observation plan is implemented
with the combined use of Sentinel-1A and Sentinel-1B

«  World maps providing a high level description of the overall Sentinel-1 constellation chservation
scenario, in terms of SAR modes, polarisation, cbservation geometry, revisit and coverage
frequemy are available at: htips:
1lobservation-scenario

»  The detailed observation plan in the form of instrument acquisition segments, for both Sentinel-
1A and Sentinel-1B is published at:
hitps: i inel-1
segments
See additional information here.

* A new version of the Sentinel High Level Operations Plan (HLOP) document has been released.
Mare information is available here.

=  The operational use of Sentinel-1 data by the Ct K Marine itoring Service
for sea-ice and iceberg monitoring activities is on-going

+  The European Maritme Safety Agency (EMSA) cperationally uses Sentinel-1 imagery in quasi-
real time in the CleanSeaNet services; operations with EMSA service providers local stations are
‘on-going

*  The use of the EDRS-A service by Sentinel-1A has started on 23 November 2016, primarily
focusing on the end-to-end operational service validation. The use of the EDRS senvice is
currently being gradually increased as part of the routine operations

«  The Sentinel-1B optical link commissioning using Alphasat TDP-1 is on-going

«  Both Sentinel-1A and -1B spacecraft are in a stable state, operating in Nominal Mission Mode
(NMM). The Flight Operations Segment (FOS) ensuring the monitoring, control and commanding
of the sateliites is operating nominally. Orbit control manoeuvres are performed once a week

+ X-Band data acquisitions are routinely performed over Matera, Svalbard and Maspalomas X-
band core stations. The acquired data are circulated within the Payload Data Ground Segment
(PDGS), systematically processed to Level-0 and Level-1 products and archived

»  Wave Mode data are regularly acquired over open ocsans, systematically processed to Level-2
'OCN products and made available. Sentinel-1 IW and EW "Level-2 OCN products over regional
‘oCean areas are available on the Data Hubs. The operational qualification of Level-2 OCN
products is on-going (geophysical validation of the Radial Surface Velocity component)

«  Operations are performed regularly at the Processing and Archiving Centres (DLR-PAC and UK-
PAC). All other PDGS operational services (i.e. Mission Performance, Precise Orbit
Determination, Wide Area Network) are operating nominally

+ By 26 January 2017, a total of 62,960 users have self-registered on the Sentinels Scientific Data
Hub; 6,547,565 product download have been made by users, corresponding to about 7.6 PB of
data. More than 1 million Sentinel-1 products are available on-line for download, representing
mare than 1.4 PB of data. Statistics of last 24 howrs are available in real ime at the Data Hub
home page: hitps:/iscilub. 4 icus.eu

Outlook
s  Continuation of Sentinel-1 constellation routine operations

Report prepared by the ESA Sentinel-1 Team

3 RADAR VISION FOR COPERNICUS



https://sentinel.esa.int/web/sentinel/missions/sentinel-1/mission-status

Sentinel-1 mission operations:

concluding remarks

« The Sentinel-1 mission operations provide:
» the technical suitability,
 the adequate revisit and global
coverage,
* the long-term perspective,
 the data access conditions,

= to move SAR applications into
operational domain, at continental/global
scale

« The unprecedented data volume generated
by the Sentinel-1 mission represents today a
challenge for its massive exploitation

{ \\\l\k
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Sentinel-1 Constellation Observation Scenario: inel-
2 Cogianeian Ot “@- sentinel-1

Sentinel-1 Constellation Observation Scenario: -
Mode - Polarisation - Observation Geometry 8- se“tmﬂ 1

European Space Agency



Examples of applications and scientific results
based on Sentinel-1A data

European Space Agency
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Crop monitoring, Forest, Food Security
... and New Promising Land Applications ...

European Space Agency
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RBG — VV/VH/VH
Pixel spacing 10m
250x340 km

Date: 15.11.2014






S1A Polarimetric

COMPOSItION """ Ba g o 4l &;esa

Poyang Lake,

Data from SciHub
Processed with S1TBX

seam

European Space Agency
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Centre for R'G‘-;'LC':‘ Remote Sensing
Ecology & Hydrology _Applications
HATURAL ENVIRONMENT RESEARCH COUNCIL == Consultants Ltd

B

LAND COVER plus
Crops 2015

An Annual Crop Map
within the framework
of the UK Land

Cover Map based on
Copernicus Sentinel-1
Radar Data

.e[.i_’ b %
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Key Applications

* Hydrological Maodelling .
= Catchment Sensitive Farming . ior o ey

« Plant Health and Crop Science

o Crop Avess and Statistics First Detailed UK Crop Map
« Control of Crop Subsidies and Levies gl AR

© Agri-business

www.ceh.ac.uk/crops2015

Developed via an Innovate UK project NERC mmﬁ

Example of Land Cover application

UK map of crop classification 2015
based on Sentinel-1A data

« ... coverage frequency compensates
resolution... »

European Space Agency
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g LUEUEE ST for Rice Monitoring

Monitoring of Crop Stages

s
#:esa

Dotober r&a“ so Winter-Spring Rice_2015/16_
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oo Can Tho 4 . 976.000 people affected, 67
Mil. $ estimated damage
Vi Thanh
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timeseries
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g%i‘%ic Liet 80 km The Mekong Delta, Vietnam
ca Mau 300 km x 300 km, 20 m resolution

mmmm  Rice: seeding - emergence
Rice: tillering
Rice: panicle initiation
Rice: heading - flowering
Rice: grain filling
Rice: maturation
Non rice [forest, other LULC)
Land water; aquaculture; sea
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O Global Agricultural Monitoring ,/‘ ASla RlCE

European Space Agency




Great potential for rice mapping
and land classification: use of coherence
Demonstration North Italy

e

A o SO W iy g \ g i 2t
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§ Multitemporal
8-20 Apr 2015
ith coherence

Courtesy
SARMAP

RED/ORANGE: GREEN: BLUE: BLACK:
coherence, average of the difference of the two sigmaO VV  objects not
object not two sigmaO VvV objects changing within 12 days reflecting: water

changing: bare Forest mainly (here ploughing activities) or very smooth" >race Aoeney
soil rough bare soil areas
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Marine /7 Oceans

Maritime Surveillance
(Oil Spill Detection, Ship Detection, lllegal Fisheries
monitoring, etc.)

Sea State: Wind /7 Wave / Current

European Space Agency
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Sentinel-1 supports the EMSA
CleanSeaNet service

Sentinel-1A image
5 s 3 Sep 2014, Adriatic Sea

ﬁ'-

CleanSeaNet: the European
satellite-based oil pollution and
vessel detection monitoring

system

— Operated by the European
Maritime and Safety Agency

(EMSA)

EMSA operationally uses

Sentinel-1A imag"e;‘ e
10 Sep 2015, Brittany,’
France ok

Sentinel-1 imagery in the

CleanSeaNet service

ESA UNCLASSIFIED — For Official Use

© Contains modified Copernicus Sentinel data (2015) / CLS

N
{=esa

*~‘Sentinel-1A image
19 April, Black Sea

© Contains Copernicus Sentinel data {2014} ="

European Space Agency




facfiote)

Sentinel-1A
30/09/201“"5

Fisheries
Surveillance for {zesa
WARFP

World Bank project developed within the West Africa
Regional Fisheries Project (WARFP) for 1UU (lllegal,
Unlicensed and Unreported) fisheries detection

Detection correlated with cooperative transponder data
(green) and non-cooperative data (red) usually
associated with IUU activities (vessels engaged in fishing
in restricted areas/EEZs without authorisation).




Sentinel-1A TOPS IW VV/VH
. GRD High 10m pixel spacing

© Copernicus Sentinel data (2014) Credits: ESA


Presenter
Presentation Notes
One main characteristic of the Sentinels is the capability for large-scale mapping. This can be exploited in many application domains, including in the surveillance types of application. In this illustration (use slide show), a big portion of Greece can be covered in one acquisition, and in zooming on the harbor of Athens, quite a number of ships can be detected by the radar.


IW mode level 2 OCN data
Courtesy Oceandatalab / Ifremer / CLS / NORUT
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Model 10m wind barbs (ECMWF)
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SAR 10m neutral wind speed (ESA)
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Period 22 Apr 2016 — 4 May 2016
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Emergency
Disaster Management

Flooding
Geohazards
Natural /7 Man-made Disasters
etc

European Space Agency



Sentinel-1 Contribution to the

Copernicus Emergency Management Service

v' Sentinel-1 responded to a number of activations from the

Copernicus Emergency Management Service (as well as from the
International Charter Space and Major Disasters):

v EMSR87 for floods in Bosnia-Herzegovina (May 2014)=——
EMSR100 for floods and landslides in Italy (Sep 2014)
EMSR107 for floods in Slovenia (Nov 2014)

EMSR108 for floods and landslides in Italy (Nov 2014)

AN

EMSR111 related to the volcanic eruption at Fogo Island (Cape Verde)
(Nov 2014)

EMSR116 for floods in Malawi (Jan 2015)
EMSR117 for floods in Greece (Feb 2015)
EMSR118 for floods in Spain (Feb 2015)
EMSR122 for floods in Greece (Mar 2015)
EMSR125 for Earthquake i\ Nepal

EMSR126 for algae bloom iy French Guiana

D N N N N N N N




Flood delineation map based on Sentinel-1 data
Copernicus Emergency Management Service Flood in &\Lesa
Cumbria, UK, Dec 2015, CEMS activ. 147

Kendal - UNITED KINGDOM
Flood - Situation as of 10122015

= - = ) Space Agency

© Copernicus Service information (2015)/CEMS




Flood in Argentina, April 2016 — International Charter Space and Major Disaster

Inundaciones en Mesopotamia Abril 2016

This product was generated using digital technigues and requires field verification, There is no précision mapping in this product.

April 02th, 2016
Flooding in Argenl:ina International Charter Call ID 561

fSatelite Sentinel-1

[ensor SAR

= =fPolarization VH

i quisition Date: April 2th, 2016

il size 10 m

Water bodies are shown in blue and were
pobtainad by & threshold methed.
frojection Geographic Lat/Lon Datum WESS4
Highlighted areas corresponds to big
attenuation of ¥ band due to heavy rain,

T G water bodies
| water bodies detacted by RS

| Datasource

The satellite data in this map were provided under the
International Charter Space and Major Disasters
Copyright: Sentinel-1 © ESA 2016

|| @esa g

(opernicus w}

Map development

This 1 was divslngers 6n 1204:2016 by the Aegentinesn Space
#Agency MLa @ CALARTE - CONAE, Argestond)

WAHLCORE GOV T
casartefoonae.gov.ar



Coastal Area - FRENCH GUIANA (FR.)
Algae b m - 1702015




Land deformation

Meadowbrook Lane in Napa-- skaters
finding upside to quake damage. Photo
from #nbcbayarea photog Jeremy Carroll

Interferometry Applications
Ground Motion, subsidence, landslides,
Earthquakes, VVolcanoes, Tectonic Processes,...

European Space Agency



1taly
1200 Km

Large scale
Interferogram

Courtesy DLR

Datatake (7 slices): IW mode
Vertical Polarization

Dates:
9.08.2014
21.08.2014
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Presentation Notes
Italy East:
S1A_IW_SLC__1SDV_20140809T165546_20140809T165613_001866_001C20_088B.SAFE
S1A_IW_SLC__1SDV_20140821T165547_20140821T165614_002041_001FC1_8601.SAFE
corresponds to ca. 30 ERS full scenes
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Sentinel-1 maps earthquake
The biggest earthquake in 25 years struck California's Napa Valley in the early hours of 24 August 2014. =
By processing two Sentinel-1A images, acquired on 7 August and 31 August 2014 an interferogram

was generated. Deformation on the ground causes phase changes in radar signals that appear as the
rainbow-coloured patterns around the Napa Valley. Each colour cycle corresponds to a deformation 7
of 28 mm deformation. The maximum deformation is more than 10 cm, and an area of about 30x30 km ;"‘*& ‘P

was affected significantly.
Copyright: Copernicus data (2014)/ESA/PPO.labs/Norut/COMET-SEOM Insarap study g
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Presenter
Presentation Notes
After reach of nominal orbit in early August the first capture of an earthquake using stripmap InSAR was achieved.


Napa Valley Earthquake

Component

- Scientific

" Contre for the Observation
A and Modeliing of Earthquakes,
Tectonics

norut

38.4° 38.4°
38.3° 38.3°
38.2° 38.2°
38.1° 38.1°
-122.5° -122.4° -122.3° -122.2 -122.1° -122.5°
B
e & COMET

F‘
NORTHERN RESEARCH INSTITUTE }I“ _

NATURAL ENVIRONMENT RESEARCH COUNCIL

#5PPO.Labs

Wrapped Displacement (cm)

Copyright: Copernicus data (2014)/ESA/PPO.labs-Norut—COMET-SEOM INSARAP study

-122.4°

-122.2°

-122.3°

e
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European Space Agency


Presenter
Presentation Notes
(left) Sentinel-1A (European Space Agency) interferogram of the ground deformation from the Napa earthquake. The contours show the ground motion towards and away from the satellite. The black line denotes the surface rupture mapped in the field by scientists from UC Davis. 
(right) The same interferogram processed to show the total motion towards and away from the satellite. South of the town of Napa, the ground has moved towards the satellite by up to 10 cm (red colours), whereas to the north it has moved away by 10 cm (blue colors). 
Despite being a strike-slip earthquake in which most motion is horizontal, the satellite measures mainly vertical and east-west motion and sees the ends of the rupture bulge up (and eastwards) at one end (towards the satellite in the south) and down (and west) at the other. The mainshock and smaller aftershocks are denoted by the yellow circles. 
Earthquake locations and existing fault locations (red lines) are sourced from the USGS. 
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'EARTHQUAKE IMAGE ;
Europe's Sentinel satellite sends first quake analysis

BEAE WOoRLD 'TO ALTER MILITARY STRATEGY'

Jonathan Amos ©“EBCAmos - 27m
It's not everyday you see interferograms on the TV, but you would have today
\ bbe.in/Z5tCQw #napaearthquake pic.twitter.com/HD2RI52LBo

“ Reply t3 Retweet ¥ Favorite Flag media
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The white line traces the rupture. Coloured "fringes” denote movement towards or away from the satellite

,0
«. 4 COMET
" Centre for the Observation

and Modelling of Earthquakes,
Volcanoes and Tectonics

NATURAL ENVIRONMENT RESEARCH COUNCIL

[T=
nNorutSY
#2PPO.Labs

European Space Agency


Presenter
Presentation Notes
Significant interest from non-scientific community and proportion by BBC.


M7.8 Ecuador Earthquake, 16 April 2016 “\““?‘“‘-esa
(courtesy CNR IREA) &?

2016-04-12 - 2016-04-24
Baseline: 20m
Displacement: 75cm in LOS

European Space Agency

Contains modified Copernicus data ©2016



M 7.0 Kumamoto Earthquake, Japan — April 14-15 2%@

(Courtesy DLR)

Japan

Epicenter

Foreshock: magnitude 6.2
12:26 UTC on April 14

11 km depth

Mainshock: magnitude 7.0
16:25 UTC on April 15

10 km depth

Casualities:

48 dead

3000 injured

4000 evacuated
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Sentinel-1a flattened interferograms:
Descending configuration: March 27, 2016 — April 20, 2016

Ascending configuration:

April 8, 2016 — April 20, 2016




Sentinel-1 SBAS(*) analysis of Southern ItaI&/
(courtesy CNR IREA) &gesa

© Contains modified Copernicus

Campi Flegrei Caldera :
Sentinel data (2016)
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European Space Agency

Time Interval: October 2014 — March 2016 SBAS: Small BAseline Subset technique




Sentinel-1 Wide Area PSI — &

MexXxico Linear Deformation CSa
(courtesy DLR)

21 IW SLCs, VV, Descending
Time span: 2014-10-03
2015-06-24

-1.5 cm/month 1.5
1 80— 3

Contains modified Copernicus Sentinel data 2014-2015 / DLR
European Space Agency
DLR




S-1 Time Series Results

NORGES
O)

A e -
SKATUAICIT ™ s a
" at S

_ N3 . ’
'I o ‘;i .

Period: June - September 2015

SBAS: All baseline combinations utilized

© Contains modified Copernicus Sentinel data (2015)
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Central ltaly earthquakes, October 2016 \\\&"esa

N\

Two major earthquakes occurred in Central Italy in October 2016:
- On 26 October, magnitude Mw 5.9
- On 30 October, magnitude Mw 6.5

- All relevant acquisitions of S1A and S1B were already included in the baseline
observation plan, thanks to the systematic observation scenario over Europe:
- All potential passes of S1A and S1B (necessary at this latitude to provide full
regular coverage) were already part of the plan
- Both ascending and descending orbits

- Very rapid results related to ground deformation (both vertical and horizontal)
could be generated by users worldwide

ESA UNCLASSIFIED — For Official Use



Central Italy M6.5 earthquake, 30 October 2016 \\@}
Combined use of Sentinel-1A and Sentinel-1B \\Q—:esa

Courtesy CNR IREA

Montegallo

'Acc..,asa"-lzl TErm ey

Interferogram based on:
- S1A acquisition of 25 Oct 2016
- S1B acquisition of 31 Oct 2016

LOS Displacemant > 30

Gound deformations extendingto about 30 q.k and with a
maximum LOS displacement of at least 70 cm, in the area of Castelluccio

Based on interferogram generated with:
- S1B acquisition of 26 Oct 2016
- S1A acquisition of 1st Nov 2016 European Space Agency

© Contains modified Copernicus Sentinel data 2016/ESA/CNR-IREA



Central Italy M6.5 earthquake, 30 October 2016&%‘esa

Combined use of Sentinel-1A and Sentinel-1B
Courtesy CNR IREA

EAST-WEST GROUND DISPLACEMENT: VERTICAL GROUND DISPLACEMENT:

- Eastwards shift of about 40 cm in the - Subsidence of about 60 cm around Castelluccio
vicinity of Montegallo - Uplift of about 12 cm close to Norcia

- Westwards shift of about 30 cm in the area

of Norcia

European Space Agency
© Contains modified Copernicus Sentinel data 2016/ESA/CNR-IREA




d=esa

Ice / Cryosphere /7 Climate

Examples of Sentinel-1 results related to:

Sea Ice / Iceberg
Ice Sheets
Polar Monitoring
Snow

European Space Agency




Sentinel-1 imagery e,
from July 2015 to April 2016 &?esa

2015=-07=01

Technical University = e o
of Denmark Ll

M ok
= '1 4 I:'l. 1
) JE-’A;
Roberto Saldo www.scElSERIERD T ITFB&E-"TEChr]iCEl| University of Denmark

European Space Agency

© Contains modified Copernicus Sentinel data [2015-2016]



Operational Sentinel-1 data provision to CMEMS

Example of daily ice chart

Norwegian 2nd November 2015

Meteorological Valid 15:00 UTC
~~ Institute

Ice Service Forecasting Division for Northern Norway
N-9293 Tromse, Norway

ee ~. 3 Dalily Ice Charts are
SO 60 800 10 LA RNNNT produced in support

wes [\ %% of navigation in the
IR Artic,

© Copernicus Service

information
(2015)/CMEMS

& sentinel %g&;éf
OPErNICUS
The European Earth Observation Program

Y gk

nr -

Ice Categories

- Fast Ice - Close Drift Ice Very Open Drift Ice
I very ciose Drift ice [+ | open Drift ice Open Water f

Projection: Polar Stereographic, True Scale at 90°N, WGS84 Scale: 16,580,902
Map Corners i =
UL = 73*'10°'50.572"N.83"'55'51. 534" W UR = 66°'46'32.424°N.85"'38'11.481"E /@ — aegtlneltlz _?_ea Su rf:ce
adarsat- emperature

R o= 53'45'33.028°N,38%'47'S8 682°E LL = S7%11'35. T48°N.29%'59" 8. 321°W
Coastline Data: GSHHS version 2.2.0 (http.//www scest hawall edu/wesselgshhs/)




Operational Sentinel-1 data provision to CMEMS

Example of daily maps of icebergs

POTENTIAL ICEBERGS

Daily maps of icebergs in

el : .. “ Greenland Waters are routinely
‘2:. » 2| produced

Note that some targets may be
ships...

© Copernicus Service information
(2015)/CMEMS

‘es sentinel (‘
C\pemrmg:us

jizil " Latest satellite overpass:
121~ . 01 November 2015, 22:11 UT
i) o Numbers show time of overpass in
85, _ hours before latest overpass




I I I s
Copernicus Marine Environment & @Ssa

Monitoring Service (CMEMS)

Copernicus forecasts
example

3-day forecast of
Ice Thickness
Ice drift

From Arctic MFC
(Marine Forecasting
Center) in Norway

Q)permcus

Europe’s eyes on Earth

© Copernicus Service Information [2016]



Sentinel-1A + Sentinel-1B
3-day mosaic 29-30-31 Jan 2017

3-day mosaic of S1A + S1B
iImagery routinely generated by
the Copernicus Environment
Monitoring Service (CMEMS)

3-day mosaic 29-30-31 Jan 2017

http://www.seaice.dk/

I]TU Technical University
ey of Denmark

Al
el

© Contains modified Copernicus Sentinel data [2017]

Gp§rni09§



http://www.seaice.dk/
http://www.seaice.dk/
http://www.seaice.dk/

| Towards a routine
observatory of ice
j sheet margins @

© Contains mo&iqu Copernicus Sentinel data [2015-2016] Nagler et al. 2015
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Sentinel-1 Ice Velocity Map: Greenland

nveo

Nagler et al., 2015

Product:
250m pixel spacing

Method:
Offset Tracking

Period

S1 Greenland Campaigns
2015 & 2016

some scenes 2014

Data Source
S1IWSSLCHH

>3100 Scenes

>67 000 bursts

~330 pairs of tracks (12 d)




Sentinel-1 Ice Velocity Map: Antarctica

S

{cesa

Product:
200m pixel spacing

Method:
Offset Tracking

Period

S1 Antarctic Campaign
2015/16 (some tracks
started in Oct 2014)

Data Source

S1IWS SLC HH

>3800 Scenes

>71800 burst pairs

~375 pairs of tracks (12d)

European Space Agency




2014.11.1510 2014.11.27
CPOM

(Centre for Polar Observation and Modelling)
Near Real Time Ice Velocity
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Presenter
Presentation Notes
Pine Island Glacier in West Antarctica is contributing more to sea-level rise than any other ice stream on the planet. It drains an area of 160,000 sq km, which is roughly two-thirds the size of the United Kingdom. The geometry of the rock bed under Pine Island makes it unstable, and scientists believe it is now in a self-sustaining retreat that could contribute on the order of perhaps 3.5-10mm to global ocean rise in the next 20 years


S1A Alps Backscatter Mosaic

Courtesy of David Small, University of Zurich, Switzerland

Contains modified Copernicus Sentinel data (2015)

S1A IW VH & VV-pol. processed Oct. 2014 — Aug. 2016: 12d & 16d windows
Jan.-Aug. 2016 VH 16d shown here
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Wzesa

10.0°E 14.0°E

Monitoring melting snow using Sentinel-1 SA

50 100 km

8.0°E 10.0°E

decrease of wet snow extent from April 20-23 to May 14-17, 2015 [ wet snow extent, July 1-4, 2015
Bl decrease of wet snow extent from May 14-17 to July 1-7, 2015 layover / foreshortening

European Space Agency

Nagler et al., Remote Sensing, 2016
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