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= Over 50 years of experience &@ eSa

= 22 Member States

- Eight sites/facilities in Europe, about 2200 staff
= 5.6 billion Euro budget (2018)

= Over 80 satellites designed and operated in flight

Navigation® =
14.0%, 782.6 M€

= Prodex
Space Transportation® i} 1.2%, 65.4 MC

12.8%, 1,110.7 MC

. Scientific Programme
9.2%, 518.2 M€

B€: Billion Euro
Mée: Million Euro

. Basic Activities
4.2%, 2372 M€

Budget 2018
‘includes programmes 560 B€
implemented for other

institutional partners T Asscciated with General Budget

3.9%, 218.4 ME

——————————J Human Spaceflight, Micro. And
Expl

13.1%, 731.9 Me
Earth Observation®

26.0%, 14558 Mc I

B Telecom & Integrated Applications”
4.9%, 275.0 M€

European Cocperating /| A | Technology Suppor®

States Agreements \ 3.2%, 177.9 MC

0.1%,5.9 ME \

B Space Situational Awareness
0.4%, 22.9 MC Slide 2
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ESA-DEVELOPED {cesa
EARTH OBSERVATION MISSIONS Satellites

2015 25 under
e O NI o 2020 development
..0,‘ ba l:m? - - b A _ = ]H 2@% Met0Op-S6 b.4&‘q i n o p era t i on

2010

Sentinel-SA %
MetOp-SG-Al 9@&»
& @ MIG-T

Meteorology
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ground motion
(earthquake/volcano/landslide)

magnetic field
(external & internal)

aerosol S
. lour
properties o greenhouse et
gases ice sheets
floods / s /
~ glaciers seaice shelves
7 o
& land cover
lakes & - fire
rivers | v <3
', b geoid currents
pollution ' - PASAR
leaf'area snow sea salinity
index
air quality
water wind speed biomass
2 - Y g1 albedo
vapour * & direction
marine habitat ; Aﬂ% soil
s -
properties a : *’;_;'“.;.:f moisture
- - =~ ~seastate
temperature o
(sea’& land) g wave
y cloud speed &
air pressure - . o 255
deforestation propertiés QZous direction
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ESA provides
EO mission
data
addressing
almost all
parameters
retrievable

by EO satellites

= Extreme
user diversity
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Copernicus — a new Phase in EO {cesa

European Earth Observation
System, led by the EU

FULL, FREE AND OPEN ‘7j':\.-

? ACCESS TO DATA

C: ATMOSPHERE MONITORING

':ﬁ MARINE ENVIRONMENT MONITORING
A @E LAND MONITORING

CLIMATE CHANGE

European response to
global needs:

« to manage the environment

« to mitigate the effects of cllmate
change

« to ensure civil security

@\ EMERGENCY MANAGEMENT
SECURITY

European independence, /
contribution to global system Op??:l\lyCLeJé
(GEOSS)
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{cesa

CSC: Sentinel Satellites

™ Sentinel 1 (A/B/C/D) All weather, day/night applications,

/fg‘-‘-" SAR Imaging interferometry

: « Sentinel 2 (A/B/C/D) Land applications: urban, forest, agriculture, ...
. Multispectral Imaging Continuity of Landsat, SPOT

Sentinel 3 (A/B/C/D) Wide-swath ocean colour, vegetation, sea/land
Ocean & Global Land Monitoring surface temperature, altimetry

Sentinel 4 (A/B) Atmospheric composition monitoring, pollution;
Geostationary Atmospheric instrument on MTG satellites

%, Sentinel 5 (A/B/C) & Precursor Atmospheric composition monitoring;
W  Low-Orbit Atmospheric instrument on MetOp-SG satellites

Sentinel 6

A % Jason CS (A/B) Altimetry reference mission }
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— 0 b c= ™ - == "Il - =011 T == = I+l European Space Agency



(s,

\=CSa

N~

Contributing Missions

Optical High & Very High ’ _
Resolution Optical Medium &

Low Resolution

g sail and many

‘ \ - O Y
Deimos-2 SPOT (HRS) - : m O re amE

g ke
B =¥ Altimetry | Atmosphere

Cryosat Jason MetOp MSG

DMC Pléiades RapidEye

Synthetic Aperture Radar

» -
= 3

Cosmo TerraSAR-X
SkyMed Radarsat tandem-x

'.‘.:‘ -\
o
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Sentinel Status
S-1

Radar High Res. Medium Res. Atmospheric Atmospheric Atmospheric Altimetry
Optical Optical & Chemistry Chemistry Chemistry
Altimetry (GEO) (LEO) (LEO)

A A

3 Apr. 2014 16 Feb. 2016 2021 2021 2020
B B 5

25 Apr. 2016 { W 6 Mar. 2017 25 Apr. 2018 2027 PAIPAS)

2022/23 2022/23 | 2023 —

-

> 2022/23 > 2022/23 > 2023
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{cesa

Copernicus Space Component Evolution

Next-Gen. missions
will replace current &
expansion missions

Current Sentinels

Sentinel Next
Generation

Sentinel Expansion

Copernicus for Security

Slide 10
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Sentinel data are available:

v Free, Full and Open¥*
v Over very long term
v Systematically, Operationally

\

T

* ESA Sentinel Data Policy (Sep 2013) and EU Delegated Act on
Copernicus Data and Information Policy (Dec 2013)

—_— 1 = = 32 == EX 11 T 22 B2 28
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. « Copernicus Data and
DIAS - Creating an

EO Data Ecosystem Information Access
Services

Common DG-GROW-ESA
approach to EO data
exploitation with
Copernicus at its core
Create & enable European
EO Data ecosystem for
research & business
Starts in June 2018
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Earth Observation with SAR
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Reminders:

- The electromagnetic spectrum

- All weather

- day and night (active system)

- SAR geometry

- Intensity and Phase (Complex):

- Coherent signal
- Phase information
- Band (X, C, L, P)

- Polarisation (VV, VH, HH, HV)

Synthetic Aperture Radar (SAR) < m»»w_
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Introduction

Why SAR

Single channel SAR
Multi temporal SAR
Polarimetry
Interferometry
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Introduction ‘"‘\&\i eSa

SAR extends vision from the 'normal’ visible light to invisible
light using waves invisible to the human eye

Not unique to SAR
X-rays

Slide 16
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= esa

Introduction (cont.)

Infra-red
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Introduction (cont.)

Ultra-sound




A
{zesa

8=

Single channel SAR

0 S\Vlflérbant
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Multi temporal SAR

W

and red to one on 28 November 2007

) o
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Multi wavelength SAR {zesa

The three-frequency false-colour SAR image was recorded on April 18, 1994 and was made with L-
band total power in the red channel, C-band total power in the green channel, and X-band VV
polarization in the blue channel

+
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Polarimetry

o Lelystad

Lelystad-iHaven . i
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Interferometry ﬁxﬂ;esa

Observation with two eyes
3D vision
Distance estimation
Looking more than once
Detect changes
Detect movements
Same with SAR
Two or more SARs
Revisiting the same site
Surface elevation, classification and sub

Slide 23

— 0 he E= ™ I W= T Il D D e BN BN E2 K2 EE I European Space Agency



)

Interferometry (cont

SAR sees earthquakes

io Picenze |

o
(=2}
o]
0.




{cesa
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The Golden Age of SAR

e
- C

eSa

Mission

SEASAT

SIR-A

SIR-B

ERS-1 & ERS-2
J-ERS-1
SIR-C/X-SAR
RADARSAT-1 & -2
SRTM
ASAR/Envisat
PALSAR/ALOS-1 & -2
COSMO-SkyMed
TerraSAR-X
RISAT-2 & -1
Tandem-X
Sentinel-1A & B
SAOCOM 1A

Plus many airborne campaigns....

r Orr r r

X/C

X/C

O O X X X X 0O

X
\r

Launch
1978

1981

1984

1991 & 1995
1992

1994

1995 & 2001
2000

2002

2002 & 2014
2007

2007

2009 & 2012
2010

2014 & 2016
2018




SEASAT the First Civilian Spaceborne SAR 1978

Orbit Parameters

Altitude:805 km circular
Inclination: 108 degrees

Repeat Period:100 min (14 orbits a

day)

Spacecraft Statistics
Weight: 2,290 kg
Length:12.2m

Diameter: 1.5m max.
SAR antenna: 2.1 x 10.7m

Instrument :

L Band (23 cm-1.27Ghz)
Polarization : HH

Central Incidence : 20°

Ground resolution : 25 m (4 looks)
Swath Width: 100 km

Slide 27
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SEASAT

[

- 411

= == OH 01

s
{cesa

g Th|s SAR image

is of the

| Kuskokwim River

delta, Western
Alaska. It was
taken by Seasat

~don July 13,
w1 1978. The

patterns are

formed by river

water flowing
around sand

{ bars. The pock-
{ marked land is
{ covered by small
1 permafrost
| lakes.
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SIR-A 1981

SIR-A

L-band

", r&:—s,‘ s Polarisation
' [ W
. i

u...d HH

_~ Look Angle
470

Pixel size
{40 x40 m

Data recorded
onto an optical
medium (film)

Slide 29
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SIR-A sees Bedrock in Egypt




SIR-B 1984

Shuttle Orbital Altitudes 360, 257, 224 km

Shuttle Orbital Inclination 57 degrees
Mission Length 8.3 days

Radar Frequency 1.275 GHz (L-band)
Radar Wavelength 23.5cm

System Bandwidth 12 MHz

Range Resolution 58 to 16 m

Azimuth Resolution 20 to 30 m (4-look)

LFC-MPESS

Swath Width 20 to 40 km
ERBS

GAS (2) e ¥ o o
OSTA-3 - Uy Antenna Dimensions 10.7mx2.16 m

Antenna Look Angle 15 to 65 degrees from vertical

Polarization HH

Transmitted Pulse Length 30.4 microseconds

Minimum peak power 1.12 kW

Data recorder bit rate (on the
ground) 30.4 Mbits/s
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SIR-B Radar Image of Mount Shasta

AL 4
F s
“ :
N +
r.:,‘ - » @‘l'v.
'.._.. LI »w '..
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ERS-1 (ESA 1991-2000)

SAR Antenna

wind Scatterumeter\\. i,
Antennae [~
W e !

ATSR-Microwaye Sounder

= ATSE-Infra-red
Radar Altimeter r*} ‘:E Lo Radiometer

Laser Retro-reflector

#m *C-band
== +Moderate Swath &
== Resolution
*Single Polarisation (VV)

| *Successful Operations
Excellent Data Quality
*Application Development
Emerging Market

Slide 33
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JERS-1 (NASDA, Japan 1992)

L Band (1.2 GHz) Repeat Period : 44 days
Polarization : HH Local crossing time : 10:45
Central Incidence : 35°

Ground resolution : 18 m (3 looks)

Swath Width: 75 km(offset from Nadir: 400km)
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J-ERS-1 Kalimantan Sulawesi

A T AR
3,\#;.”_.' 4

Sy
A R
ST
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Shuttle Imaging Radar Missions
(JPL USA 1981-2000)

"’ ] SIR-C/X-SAR
& (Endeavour
& shuttle 1994)

0w Instrument :

L Band (1.25 GHz)
C Band (5.3 GHz)
Polarisation : Fully
Polarimetric
Incidence : 20° -55°

X Band (9 GHz)
Polarisation : VV
Incidence : 20° -55°

Slide 37




SIR-C/X-SAR

Tibet seen by SIR-

,p\' ';3,;{ C/X-SAR). The

e various colors
assigned to the radar
L frequencies and
* polarizations are to
\ L ¢ : map the distribution
of different rock

types.

Slide 38
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ERS-2 1995-2011

Same SAR as ERS-1
Continuity of Data Supply

Tandem Operation

Importance of Temporal Dimension A
Funding Issues for (Pre-) Operational Missions &%

,‘ 'Y.".’: '.(-\‘. ’ ,’-.
& ™ RO S ' :

o B Jeg e

SR > Y Hre

I*
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ERS-2 SAR Interferometry

Z CaY
N
) {

The image
shows a
sample of
ERS-2 SAR
Interferome
try
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{zesa
RADARSAT-1, Canada CSA 1995 =

LF b L R - =
Wi ¥ 'I'I

SATELLITE
— GROUND TRACK

= —
Extended
L o

s -
e 41
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s
RADARSAT-1 Ice Monitoring {cesa

RADARSAT provides
routine surveillance of
the entire Arctic region.

This helps track sea ice
distribution, identify
various types of ice, and
produce daily ice charts.

The information is used
for planning safe
shipping routes and
supply operations for
offshore exploration
platforms or ocean
research stations.

Slide 42
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Shuttle Radar Topographic Mission 2000

Main Antenna #
A

Attitude and Orbit
Determination Avionics

Canister
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\Sr-Y-¥-!
The Shuttle
Radar
Topography
Mission (SRTM)
obtained
elevation data
for a high-
resolution digital
topographic
database of
Earth.
SRTM flew
onboard the
Space Shuttle
Endeavour
during an 11-
day mission in
February of
2000.
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SRTM 3D Processed Data f‘k eSda

European Space Agency
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RADARSAT-2 (Canada 2001) {cesa

SUB-SATELLITE
GROUND TRACK

- Extendead

Hight
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RADARSAT-2 Quad Polarisation

RADARSAT-2 Quad Pol image of Devon Island in the Canadian Arctic
Archipelago (image credit: MDA)
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ENVISAT / ASAR (ESA 2002) {cesa

ASAR-Antenna

» (ca. 10 m x 1.33 m)
ENVISAT

Launch:
28.02.02

Slide 47
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ENVISAT / ASAR (ESA 2002)

C band (5.3 GHz)

Flight
direction

Wave
VV or HH
Alternating <10-m resolution

polarization ‘(53:205) s
r A Wide swath Image M orVELor Tl WV 10 % 5 km
o 30-m resolution )
N VV or HH VV or HH (PRI'GEC) v|gnettes
150-m resolution =30-m resolution Up to 100-k th
Global monitoring 405-km swath width (PRI-GEC) 1 ALE

VV or HH 5
1000-m resolution Upioat 00y SWATh

405-km swath width
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ASAR Envisat Wind Mapping
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With ERS-1, ERS-2, Envisat ASAR, ESA has been constantly supporting theht:STAR
Interferometry (INSAR) communities for over two decades with:

O the provision of InSAR data, through:

the development and operations of SAR satellites (ERS-1, ERS-2, Envisat)
a precise satellite orbital maintenance including InSAR tandem
campaigns (ERS-1/ERS-2 tandem, ERS-2/Envisat tandem)

the development of a large and consistent InSAR data archive

a constant effort in facilitating the use of SAR data

0 the development of InSAR science and InSAR applications,

O bringing together the INSAR communities through Fringe & Living Planet

workshops.

Slide 50
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PALSAR on ALOS-1 (NASDA 2002)

L Band (1.25 GHz)

- : -

\\\‘\‘\ - » - ‘\ \‘ ———,
\ : -~
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PALSAR Measurement Geometry

. x Faeg

% 2
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PALSAR & L’Aquila Earthquake {cesa

ALOS differential intel
on L'Aquila earthquake

surface displacement be
2008-07-03 and 2009-05-2'"§

ALOS differential interferog%
on L'Aquila earthquake

V.
3

Gis
surface displacement betwem%y
200-03-02 and 2009-04-22 554

bperp =464m
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COSMO-SkyMed (ASI 2007) dcesa

First generation
* Four COSMO-SkyMed X band satellites

Integration with other missions
* Two SAOCOM L-band satellites

Second Generation

» COSMO-SkyMed second generation being
developed by ASI and ltalian Ministry
of Defense (launching by 2014), will guarantee
innovation and continuity with the current system

+ 400 MHz chirp bandwidth
* Tm resolution from 25° to 59° incidence angle
* Image size 10 x 10 km @ 1m resolution

COSMO-SkyMed

With 4 satellites
» At equator 4 images per day
» At 40° latitude, every 7 hours (average) With 4 satellites up to 1800 images per day

i ) _ Daily scenario example:
An image will be made available 24 to 48 hours « 300 Spotlight-2 = 30,000 km? at 1m resolution

after the request has been approved And
* 1,500 Stripmap = 2,400,000 km? at 3m resolution

Slide 54
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cSa
COSMO-SkyMed (ASI 2007) od

=
/f»""'-"—

Flight Direction

". .h\

. I\L\H AN ‘x\
\\ “\‘a

Swath \
Hugeregion Wideregion Himage Pingpong Mode-2
Resolution - Multi Look 100 m 30 m 5 m 20 m
single Look 30 m 16 m 3m 15 m 1m
Swath 200 km 100 km 40 kmi 30 km 10x10 km
Strip Length 2000 km 2000 km 2000 km 2000 km
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COSMO-SkyMed & San Francisco




ACQUISIZIONE
10 GIUGNO 2017

Slide 57
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ACQUISIZIONI
21 LUGLIO 2017
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=ZUSGS GEOCED

2015-04-11 to 2015-05-22 range change The low latency of Cosmo-SkyMed data
(available within hours of acquisition) has

been particularly valuable for responding to
volcanic crises at Kilauea, where changes in
eruptive activity threaten tourists and residents
alike.

As an example, an intense seismic swarm in
May 2015 signaled the intrusion of new
magma in the summit area of the volcano.
Cosmo-SkyMed data provided a clear view of
the associated deformation and allowed
scientists to determine the magma’s depth
while the crisis was ongoing (the magma did
not reach the surface to erupt).

The combination of low latency (hours), rapid
repeat times, and high resolution provided by
Cosmo-SkyMed data is unique among past
and current SAR systems.

Courtesy of M. Poland




{zesa

Improvement w.r.t. CSK

Enhanced geometric resolution
Enhanced geolocation accuracy

7 years lifetime

Higher agility of the platform

Lessons Learned from CSK

Easier interoperability with other systems
HMI redesigned with users

Access Capability +/- 90° latitude

Revisit Time 13 hours (90%)

Response Time “from 25 to 37 hours {90%)

Up to 553 per sateliite
from 10%10 fo 200x200 km2
from sub-metric to 100 m
from 1,25 mto25m

24 hours

Slide 60
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{cesa

W COSMO-SkyMed

3 . LL L LR
/m L L LR
A (T11TLL
lcsx-: . Csk-3 g
aue launched CSK-4
8 June
2007 25 October launched COSMO 2" Generation
CSK-2 2008 6 November
launched 2010 L) |
9 December T
2007
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2024 ...2026

COSMO-SkyMed constellation is fully deployed and operational since mid-
2011

CSG satellites will replace the CSK satellites that reached the end of life

With the launch of the first CSG satellite planned for mid-2019 and the
second one year later.

Slide 61
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TerraSAR-X Satellite

Dusk/down orbit' 514.8 km altitude at equator Inclination 97.44° ;
Sun-synchronous repeat orbit, period 11 days;

Revisit time: 4.5 days (100%) 2.5 days (95%) 15 2/11 Orbits per day

Slide 62
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TerraSAR-X at Farnborough Airshow

infoterra

TerraSAR-X
HighResolution Spotlight
Acquisition
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Tandem-X (DLR)

Acquisition of a global
DEM according to
HRTI-3 standard

Generation of local
DEMs with HRTI-4
like quality

Demonstration of

T - innovative
o / _ Pl techniques
.,?‘ /; :;‘/’_fl. ~PE A e L (formation flying,
TanDEM-X, a Radar for 3D Pictures bistatic acquisiton,
Pol-InSAR)
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Etna SAR Image by Tandem-X

Eurcpean Space Agency




\l-:’\.-'.. | = _
L AQ I'}‘fﬁon Disaster, Land, Agriculture,

X Natural Resources, Sea Ice & Maritime Safety
, L-band SAR Stripmap: 3 to 10m res., 50 to 70 km swath

{ “(PALS AR-2) Scan.SAR: 100m res., 350km/490km swath

~ | Spotlight: 1X3m res., 25km swath __
Sun-synchronous orbit
Altitude: 628km
Orbit Local sun time : 12:00 +/- 15min
Revisit: 14days
Orbit control: =+/-500m
| Life time 5 years (target: 7 years)
Launch | May 24, 2014; H-IIA launch vehicle
X-band: 800Mbps(16QAM)
Downlink 400/200Mbps(QPSK)
) Ka-band: 278Mbps (Data Relay)

~

I Compact InfraRed Camera (CIRC)
| Space-based Automatic Identification System
| Experim SPAISE2) 1
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Japanese L-band SAR Satellites — 25-year Legacy ;%»XA
JERS-1 ALOS

(2006-2011)

CJAXA METI JAXAMETI

FUYO-1 SAR. DAICHI PALSAR.
(Resolution: about 18 m) (Resolution: about 10 m)

DAICHI-2 PALSAR-2.
(Resolution: about 3 m)

= .
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Improvement of Data Acquisition Abilities
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“Daichi-2" (ALOS-

Mission Objectives:

Disaster monitoring
Earthquae ' Volcano Flooding

Environment and land management
Forest and wetland

o Q -
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b
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y
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2015 PALSAR-2 Forest/Non-Forest e

Agriculture &
natural resources

o at




Sentinel-1: SAR Mission (1A
launched 2014, 1B launched 2016)

Ice and marine/land monltorlng :
Mapping in support to humanitarian aid crisis

situations —‘



Launch of Sentinel-1A {cesa
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April 3, 2014
Launch from French Guiana Space Base
Soyuz-2 rocket

« New era in Earth Observation
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Sentinel-1
Mission objectives

v'Data continuity of ERS and ENVISAT
missions

v Copernicus imaging radar mission for
ocean, land, emergency applications:

monitoring sea ice zones and the
arctic environment

surveillance of marine environment
(oil spill monitoring)

maritime security (e.g. ship
detection)

wind, wave, current monitoring

monitoring of land surface motion
(subsidence, tectonics, volcanoes)

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

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

= 00 hu 5= W 4 g W - O R,

Sentinel-1A July 2014 northwest;Italy Costa
Concordia cruise ship being to Genoa.
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{:esa

Sentinel-1 observation scenario
Main thematic domains & components

%}
SENTINEL 7

agriculture, forestry, Maritime .
hydrology, etc. surveillance uropean coverage
[ Sea—ilcek, icebergs, 1 % 3 Emergency Calibration/validation
ake-ice R

Ground deformation: [ Global land mapping }

Tectonic, volcanoes,

Land cover:

} Ice sheets, glaciers, J

landslides, subsidence...
(InSAR applications)

[ Sea state permafrost, snow, etc

Slide 72

— 0 b c= ™ - == "Il - =011 T == = I+l European Space Agency



Sentinel-1

Mission Overview

« Two satellites

» C-band Radar,instrument™!

« SupEsynchronoUs-orbit at -
693 km altitude

+ Inclination: 98.18°

« 7 years lifetime

» Consumables for 12 years

* Mean LST: 18:00h at
ascending node

. 12-day repeat cycle at ™™=
Equator (with 1 satellite)

- —

., o v e
=3 .
»
= At < £ volong
tera e
- N
> . :

- —

Laser data transmission via the
geostationary datasrelay system
EDRS was demonstrated for S-1

E | -
Now 6-day repeat cycle at:
Equator (with 2 satellites).
Sentinel 1-B data distributed
since 26 Sgpt 2016 |
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Sentinel-1: Improved Spatial Coverage

Sentinel-1 vs ENVISAT 5-day coverage

2013 0ct 01 00:00:00 UTC S
Nion J0-Sep N Tue i LA Viaed 2.0 20D Trw 30l 2013
Lat ;517283 Pt

Germany
$ 9955 Kir

7 M= O
steer g Cribenis: Mas dres

Until 2012:
ENVISAT

2014+
Sentinell1A

2016+:
SentinellA/B

Croatia |

Trnage 5 NASA (visidiart hiasa.gov)
5A YO IR - Multisatelite Swath PMammer - O TAITUS SOFTWARE
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Image Acquisition in TOPS
Interferometric Wide Swath mode (IW)
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{:esa
S-1 SAR TOPS Mode for IW and EW
TOPS = Terrain Observation with Progressive
Scans in azimuth. Used for Sentinel-1
Interferometric Wide Swath (IW)
and Extended Wide Swath (EW) modes
It provides large swath width (ScanSAR) & and
enhanced radiometric performance
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Ireland by Sentinel-1A &esa

Country mosaic using
12 scenes acquired

within 10 days
(from 06 May to 16 May 2015)

Data accessed via the
Sentinels Scientific Data Hub
(scihub.copernicus.eu)

R: VV Intensity Processed by SNAP/S1TBX
R: VH fateddifprensity (step.esa.int)
G: vv RicBRLIR, (W g yntensity

B: VV Intensity
SAR Intensity VV-pol

Contains modified

Copernicus Sentinel data [2015] Slide 78
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step.esa.int
scihub.copernicus.eu

Building Sentinel-1A Mosaic of EUROPE {cesa

Europe Mosaic
(R:VH G:VV dB B:VV)
processed by
S1TBX/SNAP

<%

e

= ‘ ; sy - A
v ¢ ) . . =
; . > . 8
y B 2 e
e A " Y, A . ow AR
F A > » - . 3
A " X
AN w = 3 » 2 o TN, MR
N S ’ N P ~ SRR
. s Lo a r
- ’
h |
-

Contains modified
Copernicus Sentinel data [2014]
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Sentinel-1 {zesa
SAR QOperational Modes

HH+HV or
2
- 20x40 m > 400 km VV+VH

HH+HV or
VV+VH

HH+HV or

> 80 km VV+VH
20 x 20 km=

at 100 km HH or VV
spacing

» Daily coverage of high priority areas, e.g. Europe,
Canada, shipping routes

WV over open oceans GpemICUS



Sentinel-1 Constellation Observation Scenario:
Mode - Polarisation - Observation Geometry

"ﬁ\ sentinel-1

validity start: 02/2018

/ / / /.,'/{ ;;. n.-~
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f////gy/

\ 1
Al A\ \
COCOOOUURGIAN
QN&%WWWWWNWWHN
|MODE / POLARISATION A SM mode / dual-polarisation * Calibration Site
* | 1w mode / dual polarisation SM mode / single-polarisation (locally different modes or
B W mode / single polarisation ~ PASS polerksations possible)
|l EW mode / dual polarisation M ASCENDING
“| B Ew mode / single polarisation Wil DESCENDING
_— Il b E2 = 4 I = = T 111 & i e B0 Il — B2 K2 S5 vl

{cesa

Updated
Map

Baseline
starting
Feb 2018

This map is
related to
SAR High
Rate modes
only. Wave
mode
operated by
default over
open oceans
(not shown)
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Sentinel-1 {cesa
Operational Products available to users

LEVEL-0 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.

Slide 83

il

— 0 he E= ™ I W= T Il D D e BN BN E2 K2 EE I



{cesa

Sentinel-1 applications - ever increasing

Sea ice and
iceberg
monitoring

T e T
Maritime surveillance: oil spill monitoring,
ship detection, illegal fisheries, etc.

“lce sheets, glaciers,
climate change

Ground deformation: subsidence,
landslides, earthquakes, volcanoes,
infrastructure monitoring

g

Land use, agriculture, forestry, logging,
land classification, urban planning

-

| L |

|
{ %’ i

Emergency mahagefmg U T .." '

Soil moisture, wetland,
hydrology, water mapping

Slide 84
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Example of UK map of crop classification &;esa

Example of
Land Cover
application
Crop Map of England (CROME)
- - Bl Cabbage - Spring Il Feld beans - Spring
; z” " Oliseed - Spring N Peas - Spring
pa Wl Potato B Luceme
- Spring B Squash Clover
— mu““ BN Mixed Crop - Group | BBl Field beans - Winter
m Oats - Spring " Barley - Winter Il Non-Agricultural Land
Onions BN Oats - Winter N Permanent Grassland
Porsnips Bl Wheat - Winter BN Perennial Crops
Oiseed - Winter N Water
. Tm"_;’:’ - Rye - Winter == Woodtand
0 Triticale - Winter T

0 Fallow Land

Zalizan GZalizan_Salleh . 57 tan

Highly accurate Crop Map of #England (#CROME) from #sentinell and #sentinel?2 data
now avallable as #OpenData environment.data. gov.uk.convey. pro/VAyoPEma by
#CopemicusEl) via @cOnvey

ide 85
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&l senucap

//// common agricultural policy

EFA Catch crop assessment — Czech Republic

RULE: Winter Catch Crop must be sown before 20 Sept. and

must not be harvested before 31 Oct. During this period, crop
coverage must not be mechanically or chemically removed or
limited in growth.

6
1000

L 1
Backscatter WW.wH

500

a5

1
Coherence W\

— 01 b= ==

MNDWI

- 41 == _ 111l

EU Common Agricultural Policy Monitoring

First Evidence of Sentinels Benefit

2017-01 2017-02  2017-03  2017-04  2017-05  2017-06  2017-07  2017-08  2017-09 201710 201711 201712

= == OH 01

4

L+

Harvest - Visual check

20.06.2017 21.06.2017
S2A20170620T33UWR  LE720170621T190025

22.07.2017 30.07.2017
LC820170722T191025 S2A20170730T33UWR

07.07.2017
LE720170707T190025

5.08.2017 .08.2017 08.09.2017
LE720170815T191025  S2A20170829T33UWR | ~50170908T191025

18.09.2017 01.10.2017 11.11.2017
S2A20170918T33UWR  S2A20171001T33UwR LCB20171111T191025

winter Catch Crop — Visual check

Slide 87
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Monitoring Rice Yields

105°40'0°E 106°0'0"E 106°20'0"E 106°40'0"E

20°40'0"N
20°40'0"N

20°20'0"N

T U|[Geo)
WIEN] S
- Single cropped rice
[ | Double cropped rice
106°20'0"E 106°40'0"E

105°40'0°E 106°0'0"E

(= - -] -

—
e
—

e

bl ol Wiy
Duong/Delta /' 4
Nothern Vietnam

Based on Sentinel-1 Data
© TU Wien, GEQ

Slide 88

H = I+l European Space Agency



D=
D
/)
Q

Sentinel-1 Surface Soil Moisture
Example of 1km SSM resolution over in Southern Italy

S-1 SSM product includes mean & std at 520m pixels size (=1 km res)

December 04, 2017

0.05 m3m3 0.5

mean SSM

i E)(plOit—S—1 SE Sy gpra— | Courtesy: Francesco Mattia, CNR - ISSIA
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Sentinel-1 water body map of Southern Sweden

1000 |

2000

3000

4000 B

5000 ¢

6000 ¢ 1

7000 L G PO W LB T, P . B100  E200 G300
1000 2000 3000 4000 5000 8000 7000 8000 2000

Sentinel-1 classification based on average VH-pol backscatter of August 2015 (3 images)
Courtesy: M. Santoro, GAMMA Remote Sensing
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od by OS5

Date: 2018/04/04 06:20:23
Type: unknown

Mmsi:

Status: Under way using
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Sentinel-1 modified Coparmicus Data [2018] processe
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Wake Detection

"The most assessed algorithms for wake detection (Sentinel 1)”

50
50
100 ooy
100
150 ~200
150
200 -100 =
o 200
250 0 a
= 250
300 3
100 § 300
350
200 350
400
300 400
450 i -
0 20 40 60 80 100 1120 140 160 450
500 (%)
0 100 200 300 400 500 500
Ground range (pixels) 0 100 200 300 400 500

Ground range (pixels)

[Graziano et al., 2017]
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{cesa

Procuct Moduus  Ovrecton
we

RN, . TR WIS . L~ 1. ]
AR 0 rewsrw wend bwrias (B5A1 12108 21900

Wind fields

S1A morning
pass S1B

% “0ceandatalab
G’
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Operational generation of SAR Wave products
recently implemented by CMEMS

Systematic generation of Level 3 products since end 2017, e |
derived from the Sentinel-1A/B Level 2 Wave/OCN s e

e @A 03w cle

e e el

o

SAR-derived swell measurement trajectories from the
source to the coast. Measured Hg shown by blue dots

16—JAN—200&8 12:00 _ 1Te—JAN—-2008 W‘IZ:DO
T T ( g TR~ LY
3 SN ; R a2l T - %ﬁ-ﬁﬂh‘;}w s Wp [m]
N . 3 . M 450.0
: = . ' 408.
- 366.7
T T
i - i : . 325.0
B . . . . ‘ s o L ] i : (Frs"
P P ’ * Hk : . 2417
Courtesy_ I = = T N 5 g )R
CLS Ifremer - Wi cnie
“ L2 - All 'swell observations at acq. time - 13- Fiir”éworkS'TWp) -
Heterogeneous in quality/space/time — poor sampling Heterogeneous in quality/space/time
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CMEMS Waves product content from SAR

Sentinel-1A&B Level-3 demo NRT 26—NOV—=2017 00:00 UTC

Slide 96
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{cesa

Operational support to the Copernicus
Marine Environment Monitoring
Service (CMEMS) on-going, since start
of Sentinel-1A operations

3-day Mosaic 2-3-4 June 2018
http://www.seaice.dk/

’ce Charts 4.. Log

oo dond & ™

Cwvan Mmmningrs bwisen sae 3 Moy Qo [
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Strong increase of the Sentinel-1 contribution to
the Copernicus Emergency Management Service

Example of Sentinel-1A/-1B contribution to the
exceptional floods that occurred in Jan/Feb 2018
in Northern France

long period thanks to the systematic revisit of Sentinel-1.

© Contains modified Copernicus Service information [2018], processed by CEMS
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SBAS-DINSAR analysis: Sentinel-1 regional scale

~

Cassino |

-

Latina -

\
u1

w»._t?

Caserta

Campi
Flegrei

LOS deformation velocity [cm/yr]

A
0]

IW Sentinel- 1 131 SAR images (October 2014- January 2018)

2R

"_ ) Copernnr::us .-A..

= —
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Routine use of Sentinel-1 time series for ground
deformation — Tuscany

-: 10%0%0"E 10°30'0"E 11°0'0"E 11°30'0"€ 12°0'0"E
B A
°; Update | Last acqusition (track 117) | & of Ancmalies| * ' £%05t . - _
2 07/11/2016 w ae™ TS anomalies classified according to the
2 B s - o driving force as at Update #19. Anomalies
3 1/12/2016 % 7% related to slope instabilities are
€ 2122008 a2 L) . . .
z 7 08012017 130 55 W|desprea_d in most of_ the mountain areas
2 : o 2 g of the region. Anomalies related to
3 : ety 105 ] are identified in
32 | opovaonr 1 5% the alluvial plains, along with two uplifting
e — . ° areas within the province of Grosseto and
3 L7201 Loos # | Firenze. Anomalies linked to geothermal
£ =) 06/05/2017 2318 174 activities straddle the provinces of Pisa,
3 e 2 P Siena and Grosseto.
- Ty'"h enian Yo | /112016 - 300052007 | 12008 2597

TEA (Tuscan-Emilian Apennines); AA

seg (Apuan Alps); SV (Serchio Valley); LAV
[ (Lower Arno Valley); CH (Chianti Hills);
2|4 sy CRV (Chiana River valley); AM (Amiata
21 Pracia Mountain); CV (Cornia Valley); OV
2 prana (Ombrone Valley).
. Fronce
cad = N
ey University of Firenze,
£ [-egend sima TRE ALTAMIRA
= d Cause of anomaly Meters a.s.). - . -
81 + sopn ey High- 2053 foum University of Pisa
- . m::r:y acvity . M
* Uglih Low: 0 l‘ ooz
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Results from UK wide ground motion map
based on Sentinel-1 data

https://www.telegraph.co.uk/science/2018/04/12/devon-village-rising-2cm-year-scientists-have-no-idea/

Ehe €elegraph HOME XEWS  SPONT  BUSINESS  ALL SECTIONS =
-
News | Science
A& - Mews o Science
Devon village is rising 2cm a vear, and
scientists have no idea why T T

[The map] “offers the most detailed look ever at the UK’s shifting
topography and highlights areas of hazards due to coal mining, soil
compaction, landslides, coastal erosion, landfill subsidence and tunnelling
for the London Underground.”

Dr Stephen Grebby, Assistant Professor in Earth Observation, at Nottingham
University said, “With the new map we are able to better understand how

the entire UK landscape is being affected by various natural and

anthropogenic processes. Whilst providing us with detailed information
to study the individual mechanisms of these processes, the technique The area of Willand which is
also offers a means of identifying and mitigating any potential risk that risin ru Creclli £ GVVIY ich |
these may also pose to infrastructure, society and the environment.” gup '

The team hope the map will be useful for policymakers and a wide range of industries, including onshore oil and

gas, civil engineering, insurance, mining and carbon trading.
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Sentinel-1: a major tool for geophysicists

GQ‘T}IQEE:E

Eruption and earthquake near Kilauea volcano, Hawaii (3 May 2018)

Coatains dar'ved products of Coparricus dete (Sentinel-1 ; g_a N

Kilauea

summit

3
[N

Wide-scale Kinges due %
saaward mation cousod

r;
*
- J:;
£

4
.
1
J

duning the MBS earthquake
- ’

3 A J bt
‘ ’«" = 4 3 v Nades
»' SR LIS
1 ¢ gation
. r -~
4 - -
’ . ~
’ Ground cisplacement:
the 1* May to 7
Color Innge wo bght i B
surface dalormale 13 v
Processed by Or Pablo J Gonzalez CEd VERS

under the NERC-funded COMET praject
pigonzal@iiverpool.ac uk

a3
Makaopuh

Crater

o

o™

R
2 range change
e 3
0 2.83cm

Copyright: Contains modified Copernicus Sentinel data (2018) / processed by USGS

Sentinel-1 interferogram (19 April — 1 May 2018) Sentinel-1 interferogram (1 May — 7 May 2018)

Deformation due to magmatic intrusion = magma withdrawn from middle East Rift Zone and intruded beneath lower East Rift Zone.
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W 2015 Earthquake in the
" Chilean Nazca Plate region

W
R

RN
e B %
i Y

& \ .

Interferogram superimposed
over optical image

ESA co-organises EO data
processing capacity-building in

Latin America

Data used: Sentinel-1 (C-band) Wrapped
interferometric phase. To be complemented with

ALOS-1/PALSAR-1 (L-band), TerraSAR-X (X-band)

and Cosmo SkyMed (X-band)

European Space Agency
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Landslides

Highway 1
California
U.S.

S1-California-42d-Sbas 0

wn 492

19.03.2016

B 3

01.03.2018
Based on Sentinel-1 data

< * ot » " ey : : ! (2015-17), processed by
! " " y 4 7 "I VGG 1y [y Norut
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Earthquakes

ont”

L)
Amandola

Comunanza

D,
Venarotta

O
Montegallo

O _
Arquata del Tronto O
Acquasantatlerme

s ' 30 Oct. 2016

Accumoli _
0 Based on Sentinel-1A & B data
LOS Displacement [em)]
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Additional SAR
Applications
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Ice Monitoring
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Antarctica April 2005

Collision of B-15A iceberg with
Drygalski ice tongue

Ross Sea

Y
100 km
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Ship Routing Support

Envisat ASAR mosaic
Mid-August 2008

Beaufort
Sea




03 July 2009

ENVISAT ASAR
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dcesa

/

Ice Flow of the Antarctic Ice Sheet

: E. Rignot et al., Science, 1000 km
S ’ ’ 7
$§éu‘\ September 2011

{ Larsen Ice Shell

Ronne Ice Shelf 2

Amery
Ice Shelf

Wilkins Ice Shelf \.

\
Pine Island /

Thwaites

Ross Ice Shelf

Velocity magnitude [m/yr]

L [T

<15 10 100 1000
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Marine Applications
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Gibraltar

Internal:. =
waves

Strait of Gibraltar
7 January 2007




ASAR Ocean Wave Forecasting
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1SEar managamant: Ol

New

Orleans W OIL SPILL

LR

22 June 2010
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Floods
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SAR Flood Monitoring

N 135 2011
Thaiié’h'd_ floods

for the Charter on
Space and Major Disasters

Recent Envisat ASAR activation :

=G Disaster type Date Authorized User
area
Nigeria Flood 29-Aug-11 National Emergency Management Agency (NEMA)
Japan L;'\g‘s’ﬁée 04-Sep-11 JAXA on behalf of Cabinet Office JAPAN
Cambodia Flood 12-Oct-11 UNITAR/UNOSAT on behalf of UN OCHA
New Zealand Oil Spill 12-Oct-11 USGS
Thailand Flood 17-Oct-11 Asia Disaster Reduction Centre (ADRC)
Vietnam Flood 17-Oct-11 Asia Disaster Reduction Centre (ADRC)
El Salvador Flood 19-Oct-11 UNITAR/UNOSAT on behalf of UN OCHA
Chile Volcano 27-Oct-11 SIFEM (Sistema Federal co Emergencias)
Ghana Flood 28-Oct-11 UNOOSA
Philippines Flood 19-Dec-11 Asia Disaster Reduction Center (ADRC)
Brazil Flood 07-Jan-12 Ministry of Defense from Brazil
Madagascar Flood 13-Feb-12 COGIC
Pera Flood 21-Feb-12 SIFEM
Algeria Flood 26-Feb-12 Algerian Space Agency
Madagascar Flood 01-Mar-12 COGIC
Ecuador Flood 09-Mar-12 USGS on behalf of SNGR/Ecuador
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SAR Flood Monitoring @L_{; eSd

Flooding in Honduras. Charter

activated 27t Oct 2008 rooumas @ # T

. ERCOPIE C4 30 ATENAIN 4 13 CCTONR

Map produced in less than 3
hours after activation




SAR Flood Monitoring

TerraSAR-X data (3m resolution) used in
Charter Call




Volcanoes
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oA suolicatlons for dis
volezno rmonltoring

n\

ST I N TSN i

Descendmg, Swath 6 Track 277 Frame 4046 27/07/2003 31/08/2003 “"Piton de la

< Fournaise”
-~ volcano
(Reunion
island) -

RAQUSE 003

erL7| tion

displacement
away from

satellite

Courtesy:

e Institut de Recherche pour le
Développement (IRD), Clermont-
Ferrand, France

e Université Blaise Pascal,

_ Clermont-Ferrand, France

o Institut de Physique du Globe de
Paris, Paris, France

e Université de la Réunion, Saint-

358 360 362 364 366 368 370 372 374 376 Denis, France
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Earthquakes
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SAR Support for Earthquake Damage
Assessment

> 2 -y

Earthquake management at Port-au-Prince, Haiti
13 January 2010
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L'Aquila earthquake
(Aprll 2009)
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o

| Each frlnge (a colour cycle) of the mterferogram is
equivalent to a surface displacement of 2.8 cm

'- I_ Kllometer w, — along the satellite dlrectlon
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Subsidence Measurement
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Legend
Velocity [mm/year]
B <80
B -80--60
B 60--40
-40--20
20-00
00-20
o 20-40
B 40-6.0
W 60-80
B >80

o
v?

Terrafirma - Budapest
PSInSAR dataset (velocity)

B.Fiisi,A.Gulyas,L.Vértesy:
ELGI E6tvOs Lorand
Geophysical Inst.
G.Grenerczy,Z.Oberle: FOMI
Geodesy, Cartography and RS
Inst.
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Topography Applications
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Amplitude image

TerraSAR-X image,
Courtesy of DLR
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.... coherence image

TerraSAR-X image,
Courtesy of DLR
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... SAR interferogram

TerraSAR-X image,
Courtesy of DLR
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- DEM
generation

TerraSAR-X image,
Courtesy of DLR
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SAR “finds diamonds” &%esa

SIR-C/XSAR
South Africa
April 18, 1994

B L-HH
B Lhv
B Cchv
Imaged area :
55 km * 60 km
Extracted from :
http//www.jpl.nasa.gov/
radar/sircxsar

Slide 140

Namibia Diamond Deposits
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The electromagnetic spectrum

Visible (VIS) + Near Infrared (NIR)= Optical <=

Spectral Intensity

[}

Radiation Transmitted by the Atmosphere

1

10

70

Downgoing Solar Radiation
70-75% Transmitted

Visible

Upgoing Thermal Radiation
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Infrared
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* June 23, 2015

« Launch from French Guiana Space Base
« Vega rocket
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Sentinel-2 Superspectral imaging mission \:\‘\:‘i}esa

Mission profile

| Multispectral instrument with 13 spectral bands
(VIS, NIR & SWIR)

I Sun synchronous orbit at 786 km mean altitude
and 98.5° inclinaison

1 290 km swath width

I 5 days repeat cycle at Equator (cloud free) with
2 satellites

I 7 years design life time, consumables for 12
years

1 10 m, 20 m and 60 m spatial resolution
(depending on the band) (1)

Mission objectives :

» Generic

and disaster relief
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Sentinel-2

The European “"Super Landsat”

Landsat 8

{cesa

Sentinel-2

Coverage (d) 26 16 5 (2 satellites)
Swath (km) 60 185 290
Spectral bands 4+1 8+1 13
Resolution (m) 2.5 30,(15) 10,20,(60)
= 0 b I EE W E = Il = =B Gpernicus



Sentinel-2
Imaging System : Multi Spectral Instrument (MSI)

. Central .
Band name LT wavelength SETe Gy Purpose
(m) (nm)
(nm)
BO1 60 443 20 Aerosol detection
B0O2 10 490 65 Blue
BO3 10 560 35 Green
B04 10 665 30 Red
BO5 20 705 15 Vegetation classification
B06 20 740 15 Vegetation classification
BO7 20 783 20 Vegetation classification
B0O8 10 842 115 Near infrared
BOSA 20 865 20 Vegetation classification
B0O9S 60 945 20 Water vapour
B10 60 1375 30 Cirrus
Bl1l 20 1610 90 Snow / ice / cloud discrimination
B12 20 2190 180 Snow / ice / cloud discrimination
= Il b C=2 ™ L I W = T 111l S e = B I = 22 K1 S ¥
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{-esa
S-2: Large range of applications... \“\%‘

re oF a5 b med e

Agriculture, Forests & Carbon, - )
Vegetation monitoring Land cover classification, high

reso/ut/on layers & change

Global Land use

Water quality Coastal ones/bath ymetry
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Sentinel-2: Agriculture &LGSG

Sentinel-2 is the first optical mission to include 3 bands in the
‘red edge’, providing information on the state of vegetation

Sentinel-2 for agriculture :
esa-sen2agri.org

Slide 151
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Usage of red-edge bands

Toulouse area (France) - Sentinel-2 - 06 July 2015

by "(1 Summer Crops

. _4Y Map - 6 July 2015

‘R . Sunflower
Maize

Courtesy:
S2AGri, UCL,
Cesbio, ESA
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Vegetation monitoring




. . [t
Sentinel-2: Agriculture &%GS&
Sentinel-2 Revisit Time Capability
5 days revisit for crop dynamics

days
>85

80-85 [
75-80 [
70-75
65-70
60-65 SIS
55-60 AT

- -50-55 [ amg e

- 14550
- {4045 §
- 135408
- 130-35

| B 42530 SRR
8" | | 420-25 "+

Effective coverage in
summer with S2-
A&B: repeat cycle of
5 days - cloud
coverage <15%

15-20 i
10-15
510 Lok % 5 X LT
0-5  South Africa JECAM site: 5 days revisit,
February-June 2013 - RapidEye
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S2 crop status

%ng

{sesa

\=

monitoring over the season

18 Feb. 16 Ukraine
18 Apr. 16 > > / 5 2016
28 Apr. 16 £ / Z e Leaf Area Index
4,‘#‘ v . = : “ > :
17 Jun. 16 . m;: 4‘ 5 /_. g Q;‘ *&; v i .
17 Jul. 16 - : { - s ‘ ;
8 Sept. 16 e aE b S e ’
» ] .~.(3£2:; 3 3 o
| ¢ V2 .
S A " |
..:f? : ‘ PSS S ; e
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Land Cover Typology

o)

150.000 Sentinel-2A

(ij
{ 'D
)

Bl o data

B Trees cover areas

B Shrubs cover areas
Grassland
Cropland
Vegetation aquatic or regularly flooded
Lichen Mosses / Sparse vegetation
Bare areas

B suilt up areas
Snow and/or Ice

B Open water © ESA 2016
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Agricultural Land Usi

. ' .. r - > ‘
Distinguishing'15 crop types :
> o GErmany
| P © Humboldt L
4" Mixed'Sentinel-2 and Landsat-8 Data ILDJ.”'(;/EF%LYSBGF“H
" » g :_'/ 3

- ’
- - s B -
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Sentinel-1, -2 and -3 -

Sy n e rg y Contains modified Copernicus Sentinel data [2014] / ESA
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Sentinel-1 & -2 Synergy

L S I ST A SATUAT. S, . SE— AR W RO SO

ied Copernigus Sentinel-da
VD g

:})}'j.' nskxi

Meaiavd 2
Wetarw colowr scquirnd s 39 Asguort 2005

T
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fied Copernicus Sentinel data [2014] / ESA

NG g )

Synergy of
Sentinel-1 & -2



Sentinels in Co-Operation
Using both S1 and S2 data (and Landsat-8).

Innovative crop type map at national scale: pilot project for potential future
Copernlcus service agrlcultural components
B T R T N O R i, X W 55

44 » CZECH AGRICULTURE s T e
o _FROM SPACE § < ﬁ.’.‘:?&“s“"‘“"

,I winm npmcd

¢& [0 winter cereals
| [J spring cereals
[ sugarbeet

- [ maize
. [ potatoes
[ fodder crops
¢ [ other annull crops

Doto wwtn'

B o gt




Sentinel-1A und -2A: Traffic Jam on the Danube

T R FAAL " Lo
SENTINEL-1A
= acquired 02.08.2015
= . 107:30 local time (EEST)
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TR
‘Mission

=

Payload
Orbit

Satellite

Consortium

Launch date

Lifetime

BIOMASS

Measure of forest biomass and

height
(200 m. pixel resolution)

P-Band radar

SSO, alt: 666 km;
LTAN: 6h00

1250 Kg

Prime: ADS-UK, Instrument: ADS-

DE
2022
5.5 years
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H%M‘
Biomass, what information will we get {=esa

2R TE T RS

Forest biomass D|sturbances

Above-ground biomass Upper canopy height Areas of forest
(tons/hectare) (meter) clearing (hectare)

50 m resolution

* 1 map every 6 months * 1 map every 6 months 1 map every 6 months
global coverage of forested areas » global coverage of forested
accuracy of 20-30% areas

90% classification accuracy

¢ 200 m resolution 200 m resolution

* global coverage of forested areas
« accuracy of 20%, or 10 t ha-1
for biomass < 50 t ha!
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P-band enhances subsurface imaging

in arid zones

P-band SAR

’

LAy
:
RS $
i‘ .1
3

' 4 »
Ol
)\ -4 ‘ -
¢ S VR P
YR ) i 2
’ L x Mg 3 ‘\ N ¥
» 5 4 L4
p j LY &
Tal. X L o
%, I A B . £ :
3 3 ’
L i .Tegc L2013 l'_-"igEy'_- .
2280.m e ; e - £2013 Goagle
P VISR el L g LT
9 200 1a1=32.95824 1" 1ong 9 5325537 dlay. 234 m
= Il b C= W= 4 |1 g il — — 5= -« O 01 T =2 = I+l European Space Agency



o3
'),
)
L
O
O
<
<
=
<
o
O
L
<
)
L

v
L
O
4
=
O
v
L
24




Sentinel Online | The Official Sentinel Website

https://sentinel.esa.int/web/sentinel/home

Head Help? AL Conlact Us Abouat Sentimel Onkng

You are here  Home ; Missions

Commission inigabtve GMES (Global Monftonng for Endronmert and Security).

- SENTINEL Overview

ESA s dewsloping a series of nexd-generation Earth obsersation missions., on behalt of the joint ESAEuropean

The goal of the SENTINEL program is to replace the current alder Earth abs ervation missions which hawve reached

retirermnent, such as the ERS miszion, or ane curremly nearng the end of their operational life span. This w
ensure a conlinuily of dala 5o that there are no gaps in ongaing sludies

Missions - | User Guides =  Technical Guides - | Thematic Areas - Data Access

- Toolboxes -

Share |

—_— 1 b

Each miszion will focus on a diferem aspect of Earh abaepdation: sbmoaphedc, Ooeanic, and Land manilsing
and the dala will be of use in many agplications

For rhigsion plannang infermatiaon, see the C I 1] 1

- g

- Latest Sentinel News
ENTINEL Missions
SCiHub products publicaton delay:

LD 0T Menance & E

]
SENTINEL "
B Spqtinel-1B producs ailabile Troam 26
a
]

‘With tha objecinves of Land and Ccean monidoring, SENTINEL-1 will be composed of bwa
polar-arsiing satellites operating day and night, and wil parform Kadar imaging,
gnabing them to acquire Imagery regardiess of e wezhear, The Arst SENTINEL-1
satellie was launched in April 2014

Sentinels Imternational Access Hub

- Browse to Other Sites

= ESA Copernicus websits
SEMTINEL -7 urapan Comm W
The phjective of SENTIMNEL-2 = land mignitoring, and e mission will be compased of AB T
two polar-orbiing satellites providing high-resalution optical imagery. Vegetation, soil and < EUMETSAT
coaglal aneas are armong the monitaring abjedives. The firsl SENTINEL-2 salellile was < Cwropean Space Operations Centre
aunched in Juna 2015, ! Thales Abenla Space

1] s
== B SE I+

s,
{zesa
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https://sentinel.esa.int/web/sentinel/home

Sentinel-1 Data Access | Scientific Data Hub \%\fesa

https://scihub.copernicus.eu/

Welcome to the Sentinels Scientific/Other use Data Hub

The Sentinels Scientific Data Hub provides complete, free anc open access to Sentinel-I and Sentinel-2 user products, starting from the
In-Orbit Commissioning Review [IORI

(F 149 F 0 7 ;
X\ g 0 & \ N

Scientific Hub APT Hub S-3 PreOps Hub

Access Points

Soentific Hub : azcess pont for all sentned missian with access to the imesactve graphc! uzer imerface.
API Hub : 3cczzz paiet for API uzers with no sraphizal isczrface. AN A1 wszrs reculary dommbsosing the latzor data are enccursqed 2 wze this azcess pont far 3
e per b g

Sentaml 3 Pre operational Hub  cos apergliveg acoess comt Tor ol users o Sentinel 3 dete. Login uedestisls are a3quest ; adquest

For movs detaals o neesr of Mol Supparm (eacs end an &-mal 10 s0s o e e i ssa

Statistics

” 15555 20895 599746
(@ prathets Jutliss ‘ Pt Ts dewnbiated Q eties oS

e gl 26 o e byl 268 ¥ gl 26
151 -5¢«53) S + APT Bub « 53 SciHub ¢ APT Hut + 53
PreQusl PreQps!

» open and free on-line access to Sentinel-1 products | Access through self-registration
Slide 226
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https://scihub.copernicus.eu/

s,

ESA SAR Archive (ERS-1. 2, Envisat / ASAR)) {sesa

7~

ESA Data Access page
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{cesa

— The common architecture for all Sentinel Toolboxes and SMOS Toolbox
is called Sentinel Application Platform (SNAP).

— SNAP architecture is ideal for Earth Observation processing and analysis
due the following technological innovations: Extensibility, Portability,
Modular Rich Client Platform, Generic EO Data Abstraction, Tiled
Memory Management and a Graph Processing Framework.

Activity funded through SEOM element of ESA’s EOEP-4 (www.seom.esa.int)

Slide 231
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Opportunities for EO training ¢ ©sa

asdhttps://eo4society.esa.int/training-education/

\\\\\\
eo science for society \Q

eSa

#y
or the next generation of scientists to more general outreach activities and Earth ., »"

"',

Observation education for schools. P

Slide 236

— 0 bhe c= N 4 ] £ - 11 = == = I+l European Space Agency



Training courses at University level in Europe: \ﬁ; eSa

Earth Observation Summer Schools in ESRIN

s

7~

¢

s i) m .
Usually organized every 2 years, open to

students from worldwide, free tuition

. s,
earth observation summer school Q\\&\g esa

30 July — 10 August 2018 | ESA-ESRIN | Frascati (Rome) Italy

HOME EOSS 2018 > Home

APPLICATION
PROGRAMME

LECTURERS EOQOSS 2016

. " J The 8th €0 Surrener Schoo!

CEADLINES I e 4 R ¥ was held 3t ESA/ESRIN from
N 01 to 12 August 2016

CONTACT POINTS

VENUE
» > 4
% EARTH OBSERVATION SUMMER SCHOOL :
Earth System Monitoring & Modelling

10 July=10 August 2018 | ESA-ESRIN | Frascaty [Rome! Italy

— 0 he E= ™ I W= T Il D D e BN BN E2 K2 EE I European Space Agency



https://rus-copernicus.eu/portal/the-rus- @ @Sa

offer/training/

Cgé': RUS Researchand J_—* DA % QLT I;E @esa

Ceeme User Support

Login/ Register 2

-
@_ﬂ The RUS Service ~ RLEEAUCIS g8l The RUS Library * The RUS Community =
You are here: Home > The RUS Offer > Training

A key pillar of the RUS service is the provision of free training aiming to bridge knowledge gaps which

= Mews from RUS

rmay limit the use of Copernicus data.

GEOQ Blue Planet - Toulouse - 4-4 July 2018

The RUS training offer includes:

) Access to the RUS chat
» Face-to-face sessions which focus on remote sensing applications and are dedicated to different
user categories, from beginners to trainersThese events are generally split in a theory part and a RUS Training Session - Valencia - 22 July 2018
har'.nds-nn one, the Ia_tter being r_arrlF_H:! cut within the RUS working environment each attendeesis IGARSS 2018 - Valencia - 22-27 July 2018
delivered at the beginning of the session. o ) )
The number of such events is limited to a few each year, collocated as far as possible with large RUS Training Session - Chamenix - 27 June 2018
Earth observation events to facilitate user attendance. GeOBIA 2018 - Montpellier - 18-1% June 2018

You can check at any time the list of forthcoming face-to-face sessions.
RUS Training Session - Sozopol - 21 June 2018

Copernicus Info Session - Bratislava - 12 June 2018

= Webinars aiming to demonstrate in a concrete way how the RUS working environment can help
vou to process data and derive results. Their typical duration is 90 minutes.
Upcoming webinars are generally advertised a few weeks in advance to allow registration.
However, if you miss one of them, you can re-play it on the RUS Copernicus Training channel Conferences & Workshops
available on YouTube or consult the synthesis of questions and answers discussed at the event time Training sessions
in the section Training past events.
You can also repeat step by step the exercise corresponding to each webinar ina RUS working

enviranment using the tutarial available in our Training Library. 29 m n

— 0 b c= ™ - == "Il - =011 T == = I+l European Space Agency



https://rus-copernicus.eu/portal/the-rus-offer/training/

MOOC - First Radar Remote Sensing Course {-

AR S
ﬂ ECHOES IN SPACE

T MO0 on Radar Remcte Sensng

Higtary - Bagics - Applicalions

) HISTORY & GEOMETRY

4 WATER ¢ HAZARD

12 5700 15% d1val

L TUTOPLOAG  ZTUSEVTO  XOUMAETLOV PATE XepTigLyate

http://eo-college.org
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G MOOC Videos accessible on
youtube all the time.
Exercises accessible via PDF

E tutorials prepared for
CONAE and delivered to
INt CONAE

o ri:rrui:n-l-:a:mII‘r_n- - o
S TN TAT college

http://eo-college.org

— 0 b c= = - == "Il D == 311 T 22 R
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To be followed in 2019 by an
extensive re-run with more
lessons and exercises
(contribution from CSA) !l

Slide 242
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Previous ESA EO MOOCs

Monitoring Climate from Space

3rd ESA MOOC on Climate
from Space “Greenland
special”

https://www.futurelearn.com/co
R, = % | urses/climate-from-space

7 S _ ._ ‘_ ":,‘,.; ..‘ . , = st w

AR R Y 1st ESA MOOC on “EO from

TR A & I = H ”
Explore our planet from space and leam how Earth observation is used to monitor climate change, with this free online S pa ce: T h e o pt ICa I V| ew

course

https://www.futurelearn.com/co
Earth Observation from Space: the Optical View urses/optical-earth-observation

1st ESA MOOC on “"EO from

Space: The Radar View"”
Foreseen launch in October 2017

Discover how optical Earth observation data s gathered and used in this free online course from the European Space
Agency (ESA)

Slide 243
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https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/optical-earth-observation

LS

Recent SAR video lectures and SNAP tutorials i&\;esa
(French, with Spanish / English Subtitles)

* SAR basic theory and practical YouTD) K
exercises with SNAP (French
ve rsion) ‘ EO course (French)
e < European Space Agency, ESA

e Subtitles (Spanish, English)
published in July 2017

P ODTWORZ WSZYSTKIE

2 mg Introduction 1: Henri Laur 1
- Euwropean Space Agency, ESA
£

P Introduction 2; Henri Laur 2
[(L ;J\ }“ European Space Agency, ESA
A 4:13)

gd-esa

@)% Introduction 3: Pierre Potin

o % European Space Agency, ESA

3 SENTINEL-1 TOOLBOX 3

Chargement et Manipulation d'image

¥ Introduction 4: Alessandra Tassa

L European Space Agency, ESA

Nl | ntroduction 5: Jean-Paul Rudant

'-\,E European Space Agency, ESA
52
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advanced course on radar polarimetry 2019
22—25 January | ESA-ESRIN | Frascati (Rome), Italy

HOME
ESA Polarimetry Course 2019 > Home

PROGRAMME

POLINSAR 2019
Workshop

LECTURERS

ORGANISING COMMITTEE 3 ADVANCED COURSE ON RADAR
VENUE AND LOGISTICS POLARIMETRY 2019

AEEHICATON SRR 22-25 January 2019 | ESA-ESRIN | Frascati (Rome), Italy

IMPORTANT DATES
CONTACT POINT

LINKS

— 0 b c= ™ - == "Il - =011 T == = I+l European Space Agency



polinsar 2019
28 January-1 February 2019 | ESA—ESRIN | Frascati (Rome), Italy

HOME + ADVANCED (OURSE ON RADAR
ESA POLINSAR 2019 > Home POLARIME TRY 2019
COMMITTEES

¥
—h

OBJECTIVES AND THEMES Polarimetry Course 2019
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EE 728 January—1 February 2019 | ESA-ESRIN | Frascati (Rome), Italy
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13-17 May

symposium|(2019 / /

UNDERSTANDING THE EARTH SYSTEM
SPACE 4.0 AND EARTH OBSERVATION

BENEFITS FOR A RESILIENT SOCIETY

PUBLIC AND PRIVATE SECTOR INTERACTIONS

Deadlines
Session Proposals Abstracts Registration lps19 int
17 June 2018 11 November 2018 April 2019 psis.esa.in
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ESA/CONAE L/C/X band SAR Training

s,
{:esa

Course

Buenos Aires, Argentina, 12 -17 November 2018

Jointly Organised by ESA &
CONAE, in preparation of the
exploitation of SAOCOM (L-band
SAR) data, jointly with other C-
band and X-band SAR missions
The course will include SAR
theory & practice, with SAR
techniques and applications to
natural resource management
(forestry, agriculture) and
emergencies.

12 al 17 de Noviembre de 2018. Buenos Aires. Argentina

La Agencia Espacial Europea (ESA) en cooperacion con la Comision Nacional de Actividades
Espaciales (CONAE) invitan a participar en ¢l "Curso ESA-CONAE de Formacion SAR en
Bandas L/C/X" ("ESA/CONAE L/C/X band SAR Training Course”) a desarrollarse del 12 al
17 de noviembre de 2018 en la Ciudad Auténoma de Buenos Aires, Argentina. El principal
abjetive de este curso es promover entre los participantes la utilizacion de las iméagenes SAR
en diferentes dreas de aplicacion relevantes para la Argentina, El temario abarca desde una
introduccion general en teoria SAR hasta la sinergia entre las diferentes bandas (L/C/X) para

el desarrollo de aplicaciones
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Summary of the course

Topics:

« SAR theory, techniques and applications (including computers practicals):
« InSAR, PolinSAR

« Applications to Forestry and Vegetation

« Ship detection and surfactant detection

« Ground displacement mapping

» Disaster monitoring

« Snow and glaciers mapping

Teachers:

Renowned experts and scientists from European research institutes working with ESA
List of sensors used:

« Sentinel-1 and Radarsat-2 (C-band)

« ALOS-2/PALSAR-2 and ALOS/PALSAR (L-band)
« Cosmo SkyMed and TerraSAR-X (X-band)

il
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Test-cases / practical exercises: © €52

Deforestation in Gran Chaco Region, AR
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Sentinel-1 (C-band)
multi-temporal coherence
analysis

Comparison of the interferometric coherence for

two periods:
+ Coherence between July & August 2016
(Cyan)

+ Coherence between two dates of August
2018 (Red)

An increase in coherence indicates a decrease in
vegetation.
Areas in Red indicate potential deforestation
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Test-cases / practical exercises: Deforestation in
Gran Chaco Region, AR

_ _ Sentinel-1 (SAR)
Sentinel-2 (Optical) August 2016entinel-2 (Optical) August 2018 (gharence analysis. Red:

Sentinel-1 (C-band) analysis will be complemented with ALOS-2/PALSAR-2 (L-
band)
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Test-cases / practical exercises:
Deforestation in Salta Region, AR

ALOS-1 (L-band) analysis will be 20070728
complemented with Cosmo SkyMed (X-band)
analysis

ALOS-1 animation (2007, 2009
and 2010)
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Test-cases / practical exercises:

Agriculture in Cordoba Region, AR

Sentinel-1 (C-band) and Cosmo SkyMed (X-
band) analysis,

to be complemented with ALOS-2/PALSAR-2
(L-band)

y_db)
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Acquisition Drate
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Plot of backscatter time series for different crop types
using Sentinel-1. Green points: corn, yellow points : soya,
brown points: pasture

Sentinel-1 VV RGB composite (Red:
January 2017, Green: March 2017, Blue:
September 2017)
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Test-cases / practical exercises:
Ground deformation due to a major Earthquake in Chile

2015 Earthquake in Chile (Nazca Plate
Region):

Sentinel-1 (C-band) Wrapped
interferometric phase. To be complemented
with ALOS-1/PALSAR-1 (L-band), TerraSAR-X
(X-band) and Cosmo SkyMed (X-band)
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