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Programme of the first three days

Multi-sensor Approaches in Studying Land Use/Land Cover Change

16-20 June 2017

Day 1: Friday, June 16

9:30 - 10:00 Registration
10:00-12:00 Opening & session 1
. .. . - Premysl Stych, Charles University, Czechia
Welcoming remarks, training objectives, logistic ! te Ronczyk, University of Pcs. Hungary
Welcome Addresse of Host Andrés Irdcsanyl, vice-dean University of Pécs,
R T R Hungary
Introduction to the ESA EO missions and data and data Francesco Sarti, ESA — Esrin, Italy
access
12:00-13:00 Lunch
13:00-14:45 Session 2
Prof. Isaak Parcharidis, University of Athens-c/o
Introduction to SAR Remote Sensing processing— Sentinel-1 | ESA/ESRIN,
mission Francesco Sarti, ESA — Esrin, Italy
Chris Stewart, ESA — Esrin, Italy,
14:45 - 15:00 Break
15:00-17:00 Session 3

Terrestrial applications of SAR data. Examples and computer

exercises with SNAP

Prof. Isaak Parcharidis, University of Athens-c/o
ESA/ESRIN,
Chris Stewart, ESA — Esrin, Italy,

ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide 2
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Programme of the first three days

Day 2: Saturday, June 17

ESA EO data Access; Applications of SAR data in the Land Use/Land Cover Changes
Prof. Isagk Parcharidis, University of Athens-¢/o ESA/ESRIN, Chris Stewart, ESA — Esrin, Italy
Lunch

12:00-13:00

Examples and computer exercises with SNAP
Prof. Isaak Parcharidis, University of Athens-¢/o ESA/ESRIN, Chris Stewart, ESA - Esrin, Italy

Day 3: Sunday, June 18

Land Cover Mapping — The use of multi-temporal and multi-sensor (SAR & Optical) data
Dr. Francesco SA, Switzerland

Introduction and demonstration of the customized Sentinel-1 processing chain on HSC (supercomputer University of
Pecs)

Dr. Bogdan Zavalnii, University of Pecs
14:00-17:00 | Lunch and wine testing (Viticulture Research Institute University of Pécs)

ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide 3 Eurapean Space Agency
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Exercises {cesa

Introductory Exercise to SAR (Chris Stewart)

Introduction to SNAP:

Basic processing of Sentinel-2 data over Pécs

Metadata view

Generic functions (subset, resample, band maths, etc.)

Optical functions (spectral analysis, spectral profiler, NDVI etc.)
Basic processing of Sentinel-1 data over Pécs: Metadata view; SAR
functions overview (description of GRD and SLC processing chains)

Eurapean Space Agency
ESA UNCLASSIFIED - Releasable to the Public
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Exercises {cesa

Exercise about flood monitoring (Issaak Parcharidis)

Title: Flood hazard monitoring in a transboundary reservoir-regulated
River basin

Area and motivation: SAR images from ESA’s Sentinel-1 satellite will
exploit for monitoring the related water volume changes in the
Kerkini Lake-reservoir during the period 2014 - 2015, and at the
same time used for flood hazard mapping in the downstream of
Strymon River (Serres basin, Northern Greece) which occurred in
2015

Products to generate: Water/non-water images, multitemporal SAR
amplitude images.

Data and tools used: SNAP, Sentinel 1, subset image, calibration of
SAR data, Speckle reduction, Binarazation, Band-maths,
Coregistration-stack geometric correction

Eurapean Space Agency
ESA UNCLASSIFIED - Releasable to the Public



Exercises

Exercise about Interferometry (Issaak Parcharidis)

Title: Ground deformation monitoring in a basin, of intensive
agricultural activity, in the era of climate change

Area and motivation: The aim is to investigate seasonal surface
deformation signals associated with groundwater withdrawal,
demonstrating the suitability of DINSAR for examining dewatering
induced subsidence.

Products to generate: deformation maps

Data and tools used: SNAP, Sentiinel 1 SLC images, interferometric

processing

Eurapean Space Agency

ESA UNCLASSIFIED - Releasable to the Public



ABOUT THE EUROPEAN SPACE s

dzesa

AGENCY (ESA)

PURPOSE OF ESA

“To provide for and promote, for exclusively peaceful

e Yn among European states in
technology and their space
lications.”

Article 2 of ESA Convention

Eurapean Space Agency




22 MEMBER STATES AND GROWING

ESA has 22 Member States: 20
states of the EU (Austria, Belgium,
Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Luxembourg,
The Netherlands, Poland, Portugal,
Romania, Spain, Sweden, UK) plus
Norway and Switzerland.

Other EU states have Cooperation
Agreements with ESA, such as
Bulgaria, Cyprus, Lithuania and Malta.
Latvia, Slovenia and Slovakia are
participating in the Plan for European
Cooperating States (PECS).

Canada takes part in some
programmes under a Cooperation
Agreement.

ESA Presentation | 20 June 2016 | Earth Observation Programmes & . — -
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ESA is one of the few space agencies in the world to
combine responsibility in nearly all areas of space activity.

1. Space science - Navigation

2. Human spaceflight - Telecommunications
3. Exploration - Technology

4. Earth observation - Operations

5. Launchers
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Total suspended matter (gricm=)
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The electromagnetic spectrum

Synthetic Aperture Radar (SAR) <
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ERS and Envisat missions 1991-2012
More than 2 Petabytes of data
Two decades of global change records

Need for preservation, availability and

exploitation




Michelson Interferometric Passive
Atmospheric Sounder

MIPAS

AATSR Advanced Along Track Scanning Radiometer

Scanning Imaging Absorption Spectrometer
SCIAMACHY for Atmospheric Cartography

MERIS

Medium Resolution
Imaging Spectrometer

MWR Microwave Radiometer

Ka-band
Antenna

GOMOS

Global Ozone Monitoring
by Occultation of Stars

Doppler Crbitography and Radio-positioning
DORIS Integrated by Satellite

RA-2 Antenna

X-band
Radar Altimeter 2

Antenna

« Dimensions (in orbit)
26m x 10m x 5m

« Mass

8140 Kg

« Orbit

800 km as ERS, sun synchronous
10:00, i.e. 30 minutes before ERS-2



Ozone hole 200

Global air
pollution

Serving
4000 scientific projects and
many operational users.
Many applications for disaster
monitoring

Envisat Envisat
Symposium Symposium
Salzburg (A) Montreux (CH)

Mar 02 Sep 04 Apr 07

Living Planet
Symposium
Bergen (N)

Jun 10

Mar 12

and many workshops dedicated to specific Envisat user communities



ENVISAT

An example of multisensor application:
Risk Management
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1) Use of optical data for Risk

Management
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2) Use of radar backscatter for Risk

Management
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Flood mapping using satellite radar Q‘esa

ASAR WSM 150m spatial resolution acquired 15t July
2007, descending pass, polarisation HH.

AR WSM 150m spatial resolution acquired 12th
August 2006, descending pass, polarisation HH.
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Inundated
areas are
clearly visible
in this Envisat
ASAR image
acquired
during floods
in China in
July 2007.

FLOODING IN CHINA
(JULY 2007)

The two images were acquired during the

same season but different years, one

during the flooding, the other the year
before. By comparing the two images,

both with the same geometry (Wide
Swath Mode, descending pass) and same
polarisation (HH) it is possible to assess
the extent of the floodmg

Courtesy of IWHR, Beijing
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Oil spill monitoring using radar satellite \

> The Louisiana Oil Spill

; e3R8  disaster from space
New '- i e 3 > TR (Envisat ASAR)

. Orleans

22 June 2010
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Iceberg B-15A Antarctic (ASAR_WSM from 4th to 20th Apr 05)
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Use of radar phase (InSAR, PS) for

Risk Management
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Post-seismic deformation
measured by Interferometric
SAR

« Synthetic Aperture Radar
(ERS-1, ERS-2)
« Generation of Interferogram

(phase difference between
two SAR images)

« One colour pattern (fringe)
corresponds to 28 mm
deformation along the line of
sight

« This works through clouds or
darkness (Radar Data)

Epicenter
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Campi Flegrei: observation by InSAR
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3) Use of radar backscatter, combined ¢:esa

with optical data, for Risk Management
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Oil Spill Mexico 2010 with radar (ASAR_WSM)






Hurricane Earl (Caribbean | =
Sea)_Meris_FR_September 20




Hurricane Earl




Hurricane Gustav: wind and currents
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Major Disasters

Event / Dogodek: Floods in Slovenia 2010 / Poplave v Sloveniji 2010 Situation map / Situacijska slika
Mapped area / Kartirano obmogje: Ljubljana State / Stanje: 19.9. - 2.10.2010

More than 500 activations e )
in 110+ countries
since 2000!

Slovenija

Universal Access since Sept. 2012


http://www.disasterscharter.org/

Disasters types supported &esa

The International Charter makes priority tasking of different EO
missions in a rapid fashion; it is designed to address sudden requests
concerning major disasters caused by:

Natural events Man-made events

Earthquakes Oil spills
Fires Industrial accidents

Floods

Ice jams
Landslides
Tsunamis

Ocean storms
Volcanic eruptions




Activation Distribution

enmark
Germany
Switzerland .
Poland ,
Czech Republic
Luxembourg
Slovenia Franc
Hungary
Austria Spal
Romania

Bulgaria Portuga

@®Bermuda Moroc’ ‘ Stri ' "
Canary Igl;l;ﬁg@

Senegal

Dominican Republic Mauritani
~ @Montserrat

@ Grenada
nezuela

Guyana
‘ riname

Wallis and
Futuna v I&ands
® ®Samoa R
@ Camoros
F
@ Cook Islands Madagascar Ib

4 Z;‘:f}

Legend: ® Earthquake @ Landslide © Volcano ® Storm/hurricane @ Flood/ocean wave O Ice/snow hazard O Fire @® Oil spill @ Other

As of October 15, 2012



Activations 1n Hungary

Type of Event:

Location of Event:

Date of Charter Activation:

Charter Requestor:

Project Management:

Flooding

Hungary

14/04/2006

European Commission Civil Protection Monitoring and Information Centre

DLR

Description of the event

Heavy rainfall and snowmelt in Hungary at the end of March and in April 2006 caused the highest peak of overflow in the
last century of the river Tisza, a major tributary of the Danube. The cities of Prague, Budapest, and Belgrade were
threatened; by mid-April, thousands had been evacuated.

— 4 L

e * » Hungary, Tisza Flood: Szeged

Source: RADARSAT-1, Landsat 7 ETM+

Acquired: 15/04/2006, 20/08/2000 The map shows the city of

Szeged in Hungary during the flooding event of the Danube/Tisza

R23 rivers in April 2006. The flooded area has been extracted from
radar satellite data (RADARSAT) acquired on 17 April 2006. The
background satellite image is based on Landsat 7 ETM+ data

= ' acquired on 20 August 2000 displayed as real colour composite.
The flooded area has been mapped with highest possible

» accuracy.

e @

Copyright: Canadian Space Agency 2006, USGS 2000 Image processing, map created 18/04/2006 by DLR in the

framework of GMES RISKEOS.

® Higher resolution version

Hungary, Tisza Flood: Szolnok

Source: RADARSAT-1, Landsat 7 ETM+

' @DisastersChart

#SPOTT acquired this view of the burn scar
from the #fire at Thornhill in #SouthAfrica on 13
June: bit ly/2tdjFiZ #KnysnaFire

fyctity
e

arsus  (CSIR

Disasters Charter
S’ @DisastersChart

#RADARSATZ2 was used to map the #floods in
#Uruguay on 8 June: bit Iy/2r94JkF

L = ——

https://www.disasterscharter.org/

web/quest/-/flooding-in-hunga-2

Acquired: 15/04/2006, 20/08/2000 The map shows the city of
Szolnok in Hungary during the flooding event of the Danube/Tisza
rivers in April 2006. The flooded area has been extracted from
radar satellite data (RADARSAT) acquired on 17 April 2006. The
background satellite image is based on Landsat 7 ETM+ data
acquired on 20 August 2000 displayed as real colour composite.
The flooded area has been mapped with highest possible

As of October 15, 2012


https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2

GarTan Remons Senmrg Cats Camrer
Garman Laectoacs Caee

Floods in Hungary - April 2006 - Szolnok

1o oo oo e

The map shows e oy of Sacince o Mungary o
Bondng svert of Fa DerubaTiazs e n Apel
P Sixccind i Pk Do) airinciond ¥ il
e (RACARSAT| acquesd on Aprd 17, X8 The
ound Latette mage i Badnd o Lanouat T ETM
aoqured on Auguat 30 2000 Seplaped @ rea

comocae
Pt Pomocbend ik *akt o miigond with bughueat o

Sesle 179000 fer D

Faferencs cocrdesie TyseT

COAME Lared Corete 2000 € EEA 2000

e procensing and mag ceston by DLE
Vieend rath. Segptted beoes RADARMSAT rrage

Map creamsd Apri 18, 2008 by DR OLR OF



https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2

www.di tersc ter.org
Charter website

INTERNATIONAL CHARTER
SPACE AND MAJOR DISAST_ ]

Activating the Charter

There are several mechanisms to activate the Charter. It is based on a pre-defined list of appointed users, known as
"Authorized Users’ (AUs]). Until now AUs are typically disaster management authorities, from countries of Charter
member agencies, able to request Charter support for emergencies in their own country, or in a country with which they
cooperate for disaster relief.

Since its inception, the Charter has demonstrated a strong commitment to expanding its number of users. Initiatives
include collaboration with UNITAR/UNOSAT and UN OOSA, active in many countries and who can submit requests to
support in-country UN relief agencies, and Sentinel Asia, a regional network for Earth observation-based Emergency
Response in 32 countries.

Universal Access

Building on a decade of success in making satellite data available for disaster response, the International Charter is
now opening its doors even wider. The Charter Members have adopted the principle of Universal Access to further
strengthen the Charter’s contribution to disaster management worldwide. Any national disaster management authority
will be able to submit requests to the Charter for emergency response. Proper procedures will have to be followed, but
the affected country will not have to be a Charter member.

Universal Access benefits national disaster management authorities in countries beyond those of the Charter members,
previcusly unable to make direct requests to the Charter.

A registration process is in place for national authorities interested in participating in the Charter as an "Authorized
User”. This process will validate the ability of national authorities to access and use Charter assets for disaster
response, in accordance with Charter operational procedures. Steps and applicable conditions are explained in the
Charter’s Universal Access Information Brochure available together with its Registration form.




What is Copernicus?

Integrated Earth observation
system of systems. European
response to global needs, such as
* managing the
environment,
« mitigating the effects of
climate change and

« ensuring civil security
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Copernicus Components

Overall l  Space -
Programme Component Cesa
Coordination: ‘ '

* K 5 :
* * :
* *
* * .
g K -
El.ll'opean

Commission

Services

Component

OPEINICUS
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s

{cesa

Sent-1A/B Sent-2A/B Sent-3A/B Sent-4A/B Sent-5/5P Sent-6A/B
. o,
“ /‘ ‘/ { “: ¢ ‘_,:“'@
\ e

= Copernicus is a European space flagship programme led by the
European Union

~ = ESA coordinates the space component

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

= Free and open data policy

°
ESA UNCLASSIFIED - Releasable to the Public



Copernicus Space Component: the dedicated s

Sentinels ... &\\ ceSa

S1A/B: Radar Mission
2016

S2A/B: High Resolution Optical Mission
2017

S3A/B: Medium Resolution Imaging and Altimetry Mission
2016/2017

S4A/B: Geostationary Atmospheric Chemistry Mission
2021/2027

S5P: Low Earth Orbit Atmospheric Chemistry Mission

2017

S5A/B/C: Low Earth Orbit Atmospheric Chemistry Mission
2021/2027

S6A/B: Altimetry Mission

2020/2025
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... with a long-term operational perspective

(with Next Gen)

2011 2014 2020 2030

Access to Contributing Missions
S-1 A/B/C/D

S-1 Next Generation
S-2 A/B/C/D

S-2 Next Generation

S-3 A/B/C/D
S-3 Next Generation

S-4 A/B (on MTG)

S-5 Precursor

S-5 A/B/C (on MetOp-SG) - I - B
5-6 A/B X B
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Status of ESA Sentinels missions

1.
2.
3.
4.
5.
6.
/.

Sentinel-1 (1A launched on 3/04/2014; 1B on 25/04/2016)

Sentinel-2 (2A launched on 23/06/2015; 2B on 7/03/2017)

Sentinel-3 (3A launched on 16/02/2016; 3B to be launched within 2017)
Sentinel-4 (launch planned for 2019)

Sentinel-5 (launch planned for 2021)

Sentinel-5P (launch planned for August 2017)

Sentinel-6 (launch planned for 2020)
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Sentinel Expansion

It is assumed that the following Sentinels are confirmed as a result of the user
consultation process and following a gap analysis :

« Sentinel-7: an anthropogenic CO, monitoring mission
« Sentinel-8: a Thermal Infrared Imager (companion to Sentinel-2 C/D)
« Sentinel-9: components:

S-9 ICE: Enhanced Ice and Snow Continuity mission
S-9 HEO: Polar Weather Payload on a Highly Elliptical Orbit

« Sentinel-10: a Hyper-spectral mission
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Copernicus Contributing Missions

o,

"~

TerraSAR-X
Tandem-X

PROBA-V

8 Radarsat

DMC o Copernicus
Contributing
Pléiades Missions /
Deimos-2
) Jason
RapidEye

Meteosat 2"d Generation

Eurapean Space Agency

SPOT (HRS)
MetOp
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Copernicus Data Policy

Sentinel Data Policy =
FULL, FREE, OPEN access

. J

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

» Main principles of Sentinel data policy:
> Open access to Sentinel data by anybody and for any use
> Free of charge data licenses

> Restrictions possible due to technical limitations or for
security reasons
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Copernicus Services Component

Services
Component
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~ Sentinel-1 (A: launched April 2014, B: launched April 2016) is the first of a
operational radar satellites that will provide data continuity until 2030 ‘




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.

ESA UNCLASSIFIED - Releasable to the Public
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Sentinel-1A July 2014 northwest;Italy Costa
Concordia cruise ship being to Genoa.

Flood delineation map over Balatun Bosnia and Herzegovina



Mission Overview =

« Two satellites ‘h
. C-band Radar.instrument = m
+_SumESynchronous-erbitat — & = o - ‘

693 km altitude

- " " Laser data transmission via the
* Inclination: 98.18 . geostationary data relay system
« 7 years lifetime EDRS was.demonstrated/‘for S-1

» Consumables for 12 years

* Mean LST: 18:00h at
ascending node

*

Now 6-day repeat cycle at

Equator (with 2 satellites).

+ 12-day repeat cycle at =—=m) Sentinel 1-B data distributed
Equator (with 1 satellite) since 26 Sept 2016
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Sentinel-1

SAR Operational Modes

HH+HV or
» 20 x40 m2 > 400 km VV+VH

HH+HV or
VV+VH

HH+HV or
» 5x5m2 > 80 km VV4VH

20 x 20 km=
5x5m=2 at 100 km HH or VV

spacing

5 x 20 m=2 > 250 km

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

Main modes of operations:

- IW over land and coastal waters (normally VV or VV-VH polarization)

- EW over extended sea (VV or VV-VH) and sea-ice (HH or HH-HV) areas C perniCUS
- WV over open oceans



\\\l\\\.

eSa

Sentinel-1 SAR imaging modes &x

4 mutually exclusive SAR modes with different resolution and coverage

* Polarisation schemes for IW, EW & SM:
v’ single polarisation: HH or VV
v’ dual polarisation: HH+HV or VV+VH

Fiight Direclion

. Subsatellite Track

 Wave mode: HH or VV

* SAR duty cycle per orbit:

v up to 25 min in any of the
imaging modes

v up to 74 min in Wave

: » mode
2\ U R oS Modo W)
Strip Map
Mode(SM] - Main modes of operations:

- IW over land and coastal waters (normally VV or VV-
Intarfaromatric Wide VH polarization)
Swath Mode [IW)]
ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide 83EW over eXtended sea (W or W'VH)Earmmt\gﬁcy
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- WV over open oceans
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Sentinel-1 (SAR) versus

Envisat ASAR

Sentinel-1

» 10 m ground range resolution
(stripmap mode)

» 250 km swath width (Interferometric
wide swath mode = 20m ground range
resolution)

» 6 days repeat cycle (with 2 satellites)
» 2 x 260 Mb/s downlink data rate

» 7 years design lifetime (consumables
for 12 years)
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Envisat ASAR

20 m ground range resolution

100 km swath width (Imaging
mode)

35 days repeat cycle

Up to 100 Mb/s space to
ground data rate

5 years design lifetime

Eurapean Space Agency



Flooding event captured by Sentinel-1 (Namibia)
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Eurapean Space Agency
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Sentinel-1 Flood Monitoring of Caprivi Flood Plain, Namibia

24°30'0"E 25°0'0"E

Atlantic
QOcean

Legend
Country border
[ Derived HAND Index > 10 m

I Flooded areas

Description:

This map shows the flooding situation in the
Caprivi flood plain of Zambezi River on 13th
of April, 2014. The flood was delineated with
the Water Observation and Information
System (WOIS) based on SENTINEL-1A
satellite data.

Source data:

SENTINEL-1A IW mode, 20 m resolution,
acquired on 13th of April, 2014 at 03:50
GMT.

SENTINEL-1 image was provided by the
European Space Agency.

Cartographic Reference
Projection: EPSG:4326
Datum: WGS 84

& =i | @esa

Geoille Dlﬁ

Group GRAS

24°30'0"E 25°0'0"E




S1A Polarimetric

Composition
Poyang Lake

Eurapean Space Agency




Sentinel-1 s
Deforestation over Brazil X\ esa

seom

Acquisition: 21 April 2014
Mode: TOPS IW HH/HV

(opernicus
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Sentinel-1
Vegetation Regeneration — Burn Scar (Greece)

3
®
0
0

A month after f|re (Parnitha Mt.) k' Seven years after f|re (Parnitha Mt.)
ASTER acqmred JuIy 20 2007 v i. Sentlnel 1A acquwed Apr|I 22 2014

L]




Icebergs Antarctica Peninsula
Sentinel-1A (RGB HV-HH-HH)

Post processing with Sentinel 1 Toolbox
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Sentinel-1 P esa
Land Classification Dual Pol HH-HV (Germany) \K\
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RICE MONITORING ‘\\\\ €Sda

S-1A geocoded - 8 & 20 Aug, 80m (detail) — Vietnam

rice stage 1
rice stage 2
rice stage 3
non-rice

Courtesy SARMAP
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(S:f::;;nel-l: Mekong Delta Rice d:esa

| contains modified
Copernicus
| Sentinel data
4 (2015-16)
L\ /CESBIO/ESA
DUE GEO-Rice
Innovator project

_ Rach Gia

'EE li :ﬁac Lieti

—— Ricp seeding - emengence
I Haice: il £ring
Rice: panicle initition
. i et Rice: heading - flowering
ESA Presentation | 20 ] - - Kice {raif) "'.I"":.l Eurapean Space Agency
] e Rice: maturation
Mon rice [forest, other LULE]
Land water; aguaculture; sea
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Sentinel-1A: Nepal Earthquake
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@esa

)

Sentinel-1 maps earthquake : R

The biggest earthquake in 25 years struck California’s Napa Valley in the early hours of 24 August 2014. 1
« /" Byprocessing two Sentinel-1A images, acquired on 7 August and 31 August 2014 an interferogram LY
i was generated. Deformation on the ground causes phase changes in radar signals that appear as the Al

rainbow-coloured patterns around the Napa Valley. Each colour cycle corresponds to a deformation 44

of 28 mm deformation. The maximum deformation is more than 10 cm, and an area of about 30x30 km

was affected significantly.

Copyright: Copernicus data (2014)/ESA/PPO.labs/Norut/COMET-SEOM Insarap study
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Campi Flegrei seen by Sentinel- g

©Sa
1A

Copyright:
Copernicus data (2015)/ESA/DLR Microwaves and
Radar Institute/INGV/e-GEOS/GFZ-SEOM INSARAP
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Sentinel-1A: Example of Land Monltorlng

dzesa

Devastating | " A AR Interferogram
earthquake D TR _j:%‘_’ L owE | obtained combining
in central Italy on ol 4 N L WS | | Sentinel-1A images

before and after the
th
24™ August 2016 § earthquake and

(Magnitude: 6.2) an =Y ; showing ground
£ . . : ; YE TR ‘ | deformation

Vertical Displacement [cm]
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Sentinel 1: Earthquake Italy 30 Oct e
2016 @-esa

B e,
s i Sellano

0
Montegallo " &

F,
4

D -
Cerrem il Spﬂlelﬂ

e

-Gascia

s -~ Accumoli;

LOS Displacement [cm]



min max
land mass land mass
movement movement

]
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Copyright contains
modified Copernicus
Sentinel data (2016/17),
processed by

T. Strozzi

Eurapean Space Agency




Upper glacier
receded by about
o )\ 5.5 km over the past
i, ek N 36 years,

- contributing to sea-
level rise

3 36 YEARS OF GLACIER RETREAT

southeast Greenland

5 km
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Sentinel-2 Superspectral imaging mission

Mission profile

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

I Sun synchronous orbit at 786 km mean
altitude

1 290 km swath width

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

I 7 years design life time, consumables for 12
years

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

Mission objectives:

» Generic land cover maps
» Risk mapping and disaster relief

Bpean Space Agency

ESA UNCLASSIFIED - Releasable to the Public
(1) See: https://earth.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/spatial



Sentinel-2 @ esa

The European "Super Landsat”

Landsat 8 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)
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Sentinel-2 s
Swath width eesa

Sentinel-2 (A+B):
Full Earth Coverage
(at Equator) in 5 days

/

Sentinels are
complementary to
High-Res commercial
and national missions
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False colour
composite (8-3-
2): Near infrared
- Green -Blue
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¥ This animation shows a
Sentinel-2 image over
southern Spain from 12 -

JquQOlS, and how
information on infand
waterbodies can be”
isolated to help better
detect changes. By
pfbyidin’g' measurements
_ of water quality and

§ *  detecting changes,
Sentinel-2 can support
the sustainable
management of water
resources







See also: S-2 for vegetation http://www.esa-sen2agri.org/SitePages/Home.aspx @k esa

.esa-sen2agri.org/SitePages/Home.aspx E1+| ¢ ||Q590rch | 1} E 4 A B

tost Visited ¥ Google Maps || ViWeb M Inbox (1,424) - sartifra... T dictlec.org - English-... B¢ Google Translate | | VisioTerra - ViWeb - T.. || ViAoiWatcher V3.3 | | GSEP - GOCE-Swarm E... ') RSS OGC Client | Google Keep

Contact Us Request access  Si

T

o sentinel-2 SENTINEL-2 FOR AGRICULTURE " & e
Overview - Partners -~ Test Sites Products Publications Project Team Forum ' \\‘\\‘-—

PREPARING SENTINEL-Z EXPLOITATION FOR AGRICULTURE MONITORING

Agriculture is a key remote sensing application with high requirements. Short-term observation requirements in a
global perspective for agriculture monitoring were tentatively defined by the GEO Agricultural Monitoring
Community of Practice. The critical importance of the decameter resolution capabilities was highlighted to cover
the whole diversity of the agricultural landscapes.

In this respect, the up-coming Sentinel-2 mission is a unique
opportunity. Its 10-20m spatial resolution, its 5-day revisit

frequency, its global coverage and its compatibility to the Landsat §
missions offer new opportunities for regional to global agriculture SPOTS5 TAKES to acquire a new Sentinel-2 like dataset
monitoring.

In this context, the Sentinel-2 for Agriculture (Sen2-Agri) project
J o pre) UPCOMING EVENTS

Sen2-Agri project at IGARSS 2015

has recently been launched by ESA, as a major contribution to the £ M
R&D component of the GEOGLAM initiative and to the JECAM
network activities. The project will demonstrate the benefit of the [§ 7/26/2015,Milano, ltaly

Sentinel-2 mission for the agriculture domain across a range of Sen2-Agri project presented at IGARSS 2015, in Milano.

crops and agricultural practices. The intention is to provide the Sentinel-2 for Science Workshop

international user community with validated algorithms to derive Earth Observation products relevant for crop 5/20/2014,Frascati taly

monitoring. Sentinel-2 for Science Workshop hosted by ESA-ESRIN between
May 20th and 22nd, 2014.
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Sentinel-2 Revisit Time Capability s
5 days revisit for crop dynamics ‘\\k\"%—"esa

Sentinel-2 for agriculture http://www.esa-sen2agri.org/SitePages/Home.aspx

days
>85

80-85 ¢
75-80 3
70-75
65-70

60-65 SUEEY
55-60 PN
50-55 [ ame

45-50
4045 §
3540 8
30-35
25-30 U8 4
_ 20-25 '+
Effective coverage in : 1520 ol
summer with S2- 1015 8
A&B: repeat cycle of s10 8 9

5 days - . cloud o5 South Africa JECAM site: 5 days revisit,
coverage <15% February-June 2013 - RapidEye
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Monthly cloud free composites possible for most areas
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Sentinel-2A: Algal Bloom

a L e Algal bloom along the
SR ey G coast of Valdivia, Chile

Extreme economic impact: more
than 24 Million of salmons died,

L : : A e
}} f: e N \ more than 800 Millions of USD loss

- I .
i e
e
EA
LFY 3
¥e

i

e HE
o e el A
o

Sentinel-2A,
5 March 2016

opernicus

contains Copernicus Sentinel data [2015]

Eurapean Space Agency




Sentinel 1 on 08/08/2015 Sentinel-2 on 06/02/2016
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Eish.cages.n.z)aestern Mediterranean Sea
contains modified Copernicus Sentinel data [2015/2016]/ESA/ACRI







« Medium resolution imaging
and altimetry mission

- Land and ocean applications




Sentinel-3 Payload

Sea Surface Height products
(Credit: CLS)

ma Optical Mission Payload

eOcean and Land Colour Instrument
(OLCI)

eSea and Land Surface Temperature
Radiometer (SLSTR)

Sea Surface Temperature products
(Credit: Met Office)

mal TOpoOgraphy Mission Payload

e Ku-/C-band Synthetic Aperture
Radar Altimeter (SRAL)

e MicroWave Radiometer (Bi-

frequency) o o O
e Precise Orbit Determination (POD) Ocean colour products

including: (Credit: MyOcean)

e GNSS Receiver

¢ DORIS

e | aser Retro-Reflector

ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide 13¢ Land cover Eurapean Space Agency
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Sentinel-3 Revisit Time & Coverage: Optical
Mission

Number of | Revisit at Revisit for
Satellites | Equator latitude
>30°
Ocean Colour .

(Sun-glint free, 2 Satellites < 1.9 days < 1.4 days

day only) days
Land Colour . <2
(day only) 2 Satellites < 1.1 day < 0.9 day e
SLSTR dual <4
view (day and 2 Satellites < 0.9 day < 0.8 day

night) SR

> Short Revisit times for optical payload

ESA Pres .apean Space Agency
ESA UNCLASSIFIED - Releasable to the Public



OLCI: Ocean and Land Colour

Instrument comparison to MERIS

Pushbroom Imaging Spectrometer

(VIS_NIR) — Similar to MERIS MERIS Bands A center | Width
Yellow substanace/detrital 412.5 10
Key Improvements: _pigments YON R T
.- . Max .
= More spectral bands (from 15 to 21) 400- Chi & other pigments 290 10
1020 nm Susp. Sediments, red tide 510 10
« Broader swath: 1270 km B
= Reduced sun gllnt by camera tilt in west Chl. Abs, Chl. fluorescence 665 10
direction (12200) Chl. fluorescence peak 681.25 7.5
. Chl. fl f., Atm. 708.75 10
= Absolute (relative) accuracy of 2% e,
(re|ative 050/0) Vegetation, clouds 753.75 | 7.5
. . ey e m O, R-b h abs. 61.2 2.
= Polarisation sensitivity < 1% O pbronch abe D
= Full res. 300m acquired systematically for Atm corr 865 20
Vegetation, H,O vap. Ref. 885 10
land & ocean

= Reduced res. 1200m binned on ground

Aerosol, in-water property 400 15

= Im prOVEd characterization, e. g. Fluorescence retrieval 673.75 7.5
Stray”g ht camera bOU ndary Atmospheric parameter 764.375 3.75
Cha ra Cterilzation Cloud top pressure 767.5 2.5
Atmos./aerosol correction 940 20

» Timeliness: 3 hours NRT Level 2 product Atmos./aerosol correction 1020 40

] 1 O@%S@WE r:la]pe Wptharsqgsmﬂ Programmes | Slide 140 Eurapean Space Agency
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Sentinel-3A : Dust storm over the Red Sea

- acquired
- | 27/07/2016
. 12:00 pm

=
=

N N e

-~ Sentinel-3A

pe T

o = Copyright:

~~_ ' Contains modified
Copernicus Sentinel

data (2016),

processed by ESA

Eurapean Space Agency

ESA UNCLASSIFIED - Releasable to the Public



S3: Sea and Land Surface Temperature Radiometer

(SLSTR) Comparison AATSR

Key Improvements:

- number of spectral bands from 7 to 9 (new
1.3 and 2.2um) for better Ci Cloud
detection

- increased resolution for VIS and SWIR
channels (0.5 km @ nadir, TIR 1 km
@nadir)

— maintain along track scanning with
increased swath of oblique view to 750 km

- increased nadir swath coverage to 1400
km

- 100% overlap with OLCI

— improved coverage Ocean < 4 days
(practically ~ 2 days)

— dedicated Active Fire channels
—Timeliness: 3 hours NRT Level 2 product

Therma tructure Meh,
ENVISAT AATSR
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ESA UNCLASSIFIED - Releasable to the Public



Sentinel-3A: Thermal Signatures {=esa

\ | ~ Namibian Coastline,
\

"
e

g ¥ 29 March 2016

OpErnicus

Contains modified
Copernicus Sentinel data
[20 1 6] Eurapean Space Agency

285 295 (K] 301
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$1,S2,S3 co-location over Italy {:-esa

lie

e Sentinel-C-SARIW DV  acquired on 19 October 2016 05:18:09 GMT
. SentlneI-Z MSI (1 tile) acqu1red on 24 August 2016 10: OG 32 GMT

View of S , S2, 83 North of Adriatic Sea
Full image of S1, S2, S3 - Envisat MERIS RR (2003) basemap.
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Oil spills

Volcanoes Floods Deforestation

Sea ice extent Ice speed Atmosphere Ocean colour
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The ESA Climate Change Initiative
(CCI)
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 Cloud Properties

« Carbon Dioxide, Methane &
other GHGs

« Ozone
« Aerosol properties

« Sea Surface Temperature
« Sea Level; Sea Ice
 Ocean Colour

« Glaciers and ice caps

« Land cover

« Fire disturbance

e Soil moisture
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EOEP Impact on IPCC g-esa

_ 'P?E “Satellites have improved the capabilities of
- observations for climate science, in terms of

volume and quality”

Chapter 2: Observations: Atmosphere and
Surface
« ATSR series

Chapter 4: Observations: Cryosphere

« Altimetry/SAR (ERS-1/2; Envisat); Cryosat-2;
IMBIE
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Status of ESA Earth Explorers:

N s N

GOCE - mission accomplished

SMOS - still operating

CryoSAT - still operating

SWARM - still operating

ADM-Aeolus (launch planned for the end 2017)
EarthCARE (launch planned for 2018)
BIOMASS (launch planned for 2021)
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GOCE: Mission accomplished

Most precise geoid to date
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\l\\\.
SMOS: Mission accomplished and ongoing €>€82

Monitoring soil moisture and
ocean salinity. Globally.
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Cryosat: Mission accomplished and ongoing {=@Sa

Surveyed sea ice thick
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CryoSat && eSsa

e CryoSat Antarctica digital
elevation model

e 2 km grid resolution
e Covers 99% of the continent

* Fully validated and accurate to
within 25 m on average

e Distributed to all conference
attendees
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SWARM
Tracking
Earth’s
dynamic
magnetic

field.
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Swarm: Geomagnetic Field Changes

Field strength and location of -y
poles are evolving on a decadal ==
time scale

high latitude

North America -3.5% in 17y;
North Asia +2% in 17y

South Atlantic Anomaly -2% in
17y and migrating westward

Swarm also tracks rapid inter-
annual accelerations

Courtesy: Finlay et al., EPS, 2016
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Aeolus

« Global observations of wind profiles
for analysis of global 3D wind field

« Launch planned for 2018

EarthCARE

« Global observations of clouds,
aerosols and radiation

« Launch planned for 2019
« Cooperation with JAXA

ESA UNCLASSIFIED - Releasable to the Public



e 7th Earth Explorer: Biomass

 Biomass estimates based on global
interferometric and polarimetric

P-Band Radar observations

e 8th Earth Explorer: FLEX
« global maps of vegetation fluorescence,
which can be converted into an indicator of

photosynthetic activity
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ESA LPS 2016

PRAGUE 09-13 MAY 2016

Main Objective: Presentation of Exploitation Results based on ESA

Earth Observation Measurements

living planet |rrasue

09-13 May

symposium 2016







Creation of Tools for Earth Observation

Education, Training and Outreach

Tools for secondary schools

1. Posters

2. Atlases

3. Multilingual web-based tools (Eduspace),

4. Educational SW package for Image Processing and GIS (LeoWorks)

Tools for general outreach
1. i-books
2. Apps for Tablets

Tools for University level

1. MOQOCs

2. SAR videos

3. SNARTAEOKI @S 016 | Earth observation Programmes | siide 193 Eurapean Space Agenty
4
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oitation Platforms (TEP’s)
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ESA School Atlas, new ESA Water Atlas {:=esa

The European space Ageny (4= @S Introduction to ESA; Earth Observation; Lesa
SCHOOP Global Overview: Continental Overview: SCHDOI.
AT |_ A the Natural Sphere; The Cultural
e Sphere. AT]'A 5
= Annex: Teachers’ Handbook, DVD-

ROMs with the original bands of the
satellite data, handbook content and
exercises, connected to Eduspace and
its SW Leoworks

| Both freely available i
n
PDF from ESA web

Describes the major issues related to
water on Earth. It also presents water

as a natural resource, focusing on WORLD pagef (htlg?s://e;rth.e
global water, the oceans, seas, lakes oF\WATER Z?J'C'gti/xa_an%‘ffrsairﬁ?‘ge)

and rivers of the Earth.
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Eduspace: ESA web-based EO Educational

tool for secondary schools

esa eduspace = s :

&?\ ‘,-.. it ; e .-'-
i European Epz.n:e Agenqr_

?:\ Pl iy

ESA Education

Home

Earth from Space Enviranrmental Issues Envizat for Schools

About Eduspace

Languages...

Remote Sensing
Principles

Resources...

Multmedia

Services

0z-May-2010

Earth from Space:
Image of the week

e esa eduspace

Eduspace T '-"

Earth from Space

F
"'r am . ’
s ;"__ il a
a5 - e ™ =
Sarvicms

s

{cesa




LEOWorks 4.1
Image Processing Software

. View images, histogram, pixel values,

header info <+ LEOWORKS 4.1

2017 Release

2. Crop, invert, stretch, layer stack, etc
3. Image arithmetic, filters

4. Classification, PCA, geometric
correction, pan sharpening

Remote sensing

5. Radar and optical module (multimission, and GIS aducational Seftware

i n CI u d i n g Se nti nel data) # An educational open source software for analysing
and processing optical and SAR satellite images.
6 . G IS tOOIS * Dedicated both to upper secondary schools

and universities.

7. Open-source, Java-based 4 Tndudes IS hunctionalites.

# Compatible with recent E0 missions data

* Prepares users for more advanced software

Mike ESA SNAP Toolbox)
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Sentinel Application Platform (SNAP):

SW toolboxes with tutorials and forum

Tutaorials
1. Set of tutorials for SNAP SNIAIHAE FRIESHIAES
( Sentinel toolboxes) SENTINEL-1 TOOLBOX [SAR applications)
. . . SENTIMEL-2 TOOLBOX [High resclution optical applications)

h ttD . / / Ste P.€S4d.] nt/ mal n/ d OC/ SENTINEL-3 TOOLBOX [Medium resoclution optical applications)
tutoria | S/ ESA TRAINING COURSES (ESA Training Courses)

EXTERNAL RESOURCES [Other rutorials)

ALL [All rurorials)
1 ] User fo rum ded |Cated to SEARCH []_1. tutorials fnurl-d]

aarch for tutorials. .

Sentinel toolboxes (SNAP)
SELECTED: SNAP (1 to 6 / 11) SotBy (Toral k) &

http://forum.step.esa.int/

overview Colour Manipulation Tool
December 29, 2015 December 29, 2015
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http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://forum.step.esa.int/

Capacity Building in the frame of
International Cooperation with UNESCO

LearnEQ!

Learn Earth Observation with ESA

anpetition  Aboutl Dala sets Resource ibfary  Inlormation lor authors  Hegiste

A holistic framework for EO education
B Lessons on different EO applic abions

B Over 200 data sets with descripton

B New powerful version of the Bilko software

B Resource library with extra information and tools

LMESCO. org

* Home Page

» Our misson The "Open Initiative o

» Currert actwities to Support the World
¥ The Open [Mibate

» Partners

» Neas B Evenis

» The word of the Drecior
» Contact

» Gallery

ESAUMESCD Apremment

Sighilture 28 igaca e hidlagy

3 SUBPAT tht Warid Hericage

On 18 June 2003 at §
(France), UNESCD and ||
sgned 3N BQresment
satelites o be used b
Haritage sates. The §
lmnchad the "Open

s

ENVISAT

Camvantiz Technologees to Suppo
£ ESa-M_ Desdsutiust 2003 [
The "Open Inibabve'
co-operation, open LD Space agences, resea
organizabions (MGOs) and the prvate sector m ¢

through, space technologies to improve ther
actmibes.

From the limanjaro n Tanzania to the Gre Contre
Chena, there are 390 different stes on UNES(
Herntage kst (Apnl 2009). These nclude 689 cultural, 176
natural and 25 moced propertes n 148 States Parbes.
UNESCO consders 31 of them curmently under threatl. The
wea of the Open Imbatree s that data from space will be
used to momitor these stes, aertng authontes to land
use changes that could place the sites m danger

) Mol
Deganography

The "Open Initiatve’ has nowadays (May 2010) 53 partners that includes space
agencies, universities, ressarch mstitutes and from the private sector.

Virtual global faculty for remote sensing

(SR RS T Ry LR - e v o s AV bt 5, | bind (8 1t Bt
Y Y e ] M r—_—
AT
Bilko is & complels gyatem...
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B s el e i mie® mlendd i b e v o g kv

Bilko componests:
| [pe—

| L —

oyt am b gy
' Themm wataisn 19 o1 Femar 10 1oy Boset o a0k podiemy
Tha Bilta pemacan. & dvieng ool Sramusl; of st B0 b S ah

\sing Bilko 1o learm image processing:

T Bl iy ) BCC st By B i of 10 ) P Bhow Pows 0 CITY OO C VRO TG RGBT Y el (8 semoni e i apokopor of
iy

“r e rary m b—_—

EnvisatModule
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Carrier %

Carrier ¥ 517 PM

esa

cryosat
* ESA'S ICE MISSION

Data Processing (Kiruna)

® 3/

The living beauty

-
Satellrte Operations
(ESOC)

L]
Long iTerm Archive L]
(CHES) Missson Planning
(ESRINY
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(‘uesa #_ Available on the ANDROID APP ON
sentinel ' App Store » GOOS[E‘ play



https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8
https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8

Proba-V App {esa

#_  Available on the ANDROID APP ON

. App Store g P> Google play

Take a picture of a landscape
Associate the vegetation status
derived from Proba-V NDVI products
in your area to the picture

See graphics of the vegetation status
evolution during the last 6 months
(tap on picture icon or on map)

Build your picture gallery and see all
your pictures on the map

Share the pictures on social media
Learn about Proba-V, get news and
image of the week

Ul available in several languages:
English, Italian, Portuguese, Dutch,
Spanish, German, etc.

n Space Agency
ESA UNCLASSIFIED - Releasable to the Public



https://play.google.com/store/apps/details?id=eoapps.probavapp
https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8

CCI App & visualisation tool

Climate from Space, ESA's iPad App for visualization of climate
data being produced through the European Space Agency's Climate
Change Initiative (CCI)

ANDROID APP ON

P> Google play

#_ Available on the
¢ App Store

Allows to visualize temporal changes of:
« sea surface temperature,

* the ice sheets,

 sealevel,

e seaice,

» carbon dioxide,

* soil moisture and many more.
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https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8

ESA recently started to create educational MOOCs for EO techniques &
Applications, starting with Climate Change

What is a MOQOC?

MassSive: no limitation on the number of participants. The
record is 440,000!

Open; free and accessible for anyone with an Internet connection
Online: all activities are made online

Course: it has a specific topic, prepared by specialists, offering
theoretical and practical content



1st MOOC about “Climate from Space”

o https://www.futurelearn.com/courses/climate-from-space

* 10,000+ subscriptions, 50% active, completion rate of 30% (very high!)

« MOOC 5-weeks course (June, 2015 / Dec, 2015) included videos, text,
quiz, interactive exercises, satellite tracking app

- Interactive, with Q&A. Two editions done, more will follow

| F ) w7

Monitoring Climate
Change from Space (D rout cntme curme

Explors our planet from Spece snd lsam how we o
can monitor climsts change through Esrth

Topic Ja = E5A Climate Change Initiatiwe

Herw s ESA's Climate Charsge Initiatis (0C1) sital in supperting the menitering of
ke Eusential Climsis Varisbles (ECY 07

ciomervation techniques. .E. 1 haan g

ABOUT THE W'"’_I EDACATORES H TOFIC 54 - ESA CLEHATE CHAMGE INITIATIVE VIDED [0G:44)
“hip mew reose i m tirss o plese Esrth whers siprficant snd epad

charges ic S climete s teking ece. & B beooming 2.1 Fari Fayna . T, 54 - EXPLOEE THE M8GERY DATA & SATELLITES BTN LE

oAty s for Gn iz ity T chmas ars chEre
chargss ¥ soone the s & tha hgbset e ¥ cetad

po bl But oo car S SCEESE BEh S CoTE Rt H ES& CLIMATE CHANGE INITIATIVE QLT
Rt S Lo

Zmwirg the Le=h brom Soece sflosa Ul 7o paen mach & phalas
ety Oy using Lerk casrssics mahraopas b rers

P b 1 roaier g kobad ereroaTariel charge o B acEHe thelt
ikl = presecaly badoee b posisia. Camh chasevatisn hae
et ordy eerhunkons el the e Ey &9 e CErE o boma, bat
chargsd T iy v eSS S POl T kT i Hhi
dra e rars This wchecd oy has breaghs o0 o vwra leera e
e Ay e aly S plars

Tapic 5b - Climate Models and Dats Assimilation
. Thee role ot D in accurate cimate modeling and data assimilation



https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space

Other ESA MOOCs

Monitoring Climate from Space

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

https://www.futurelearn.com/co
urses/climate-from-space

1st ESA MOOC on “"EO from
Space: The Optical View”

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

] .__- . .-|lll . I3 y
Diiscover how oplical Earth abservation data s gathered and used in this free online course from the Ewopean Space
Agency (ESA)
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SAR video lectures and
SNAP tutorials (French)

1. SAR basic theory and
practical exercises with
SNAP (French version)

. Subtitles (Spanish, English)
done for free by students,
in preparation

3 SENTINEL-1 TOOLBOX
\'\b Chargement et Manipulation d'image
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EO course (French)

European Space Agency, ESA

b OOTWORZ WSZYSTKIE

ik Intreduction 1: Henri Laur 1

= Introduction 3: Pierre Potin
) Ewcpean Space Agency, ESA

(" Introduction 4: Alessandra Tasaa

T Ewrcpean Space Agency. ESA

e introduction 5: Jean-Paul Rudant

- h‘_ﬁ Ewropean Space Agency, ESA
L)

Eurapean Space Agency
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LearnEO!

Learn Earth Observation with ESA
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t/web/gu
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c - ESA sarmap tutoriz

- a https:;//earth.esa.int/web/guest/training-packages/-/article/sar-land-applications-tutaria

[8) Most Visited ¥ Google Maps # ViWeb M Inbox (1,424) - sartifran... 5 dictleo.org - English-G... Br Google Translate € VisioTerra - VtWeb - Th... I} VtAoiWatcher V3.3 ]
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Q\E‘? C@SaA cathoniine

Need Help? Contact here European Space Agency
Data Access - | Missions ~ | Earth Topics ~ | Pl Community ~ Explore more... -
You are here  Home » EO Education and Training » Other EO Training | Eishare | BEAEE

EO Education and
Training

- Training Package Details

SAR Land Applications Tutorial

The aim of this tutorial is to introduce begi to land licati f s atellit t i i theti EE T LT
e aim of this tutorial is to introduce beginners to land applications of satellite remote sensing using synthetic EO Education for Schools

aperture radar (SAR). Itis intended to give students a basic understanding of SAR technology, the main steps Advanced EO Training for Pis
involved in the processing of SAR data, and the type of information that may be obtained from SAR images. The Other EO Training
tutorial has three main components:

« Hackaround and Theory — an overview of the principles behind SAR remote sensing, data processing .
technigues, examples of land applications, and current and future sources of SAR data M arth On I ine esources

The Bilko Exercise - a computer practical using the Bilko software with ENVISAT ASAR data, allowing EO Data Access
students to apply the theoretical knowledge to the processing and interpretation of actual SAR data ® EQ data distributed by ESA

@ Access data online

Answers and Examples A

® Access Copernicus data
® Answers and Examples B

® How to apply for data

Model answers to questions from both parts of the tutorial. Resources
© Sample data

Auxillary data

Catalogue access
Document Library
Upcoming Events

https://earth.esa.int/web/guest/tra
ining-packages/-/article/sar-land- e
applications-tutorial o software

® EO Software Toolboxes space Agency

Services
@ Credits

Events Catalogue
Software Tools

& & & & & T O
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&&\% esa Earth Online

Data Access  ~ | Missions ~ | Earth Topics ~ | Pl Community -~

You are here

Home » EO Education and Training » Other EO Training

- Other EO Training

In addition to the programmes listed in the Overview page, ESA organises other EQ training events on an ad
hoc basis, and produces EO training material at various levels.

Below is a list of each training package listed in chronological order (to access the material for each package,
click an the links provided in the list):

- Training Packages

Tth ESA Training Course on Radar Remote Sensing (30 May - 4 Jun 2016)
Training course on the theory and applications of spaceborne Synthetic Aperture Radar (SAR). The course is held
in Sofia, Bulgaria.

® Read more

P W I o o F. = I da o

Login My Earthnet | | qle™ Custom Searh

Need Help? Contact here

European Space Agency

Explore more... -

[ w roow |l +GIEICHN f [ ]=]

EO Education and
Training

EQ Education and Training Home
EO Education for Schools
Advanced EO Training for Pls
Other EO Training

- EO Data

® EQ data distributed by ESA
2 QOnline Archives

https://earth.esa.int
/web/guest/eo-

© Catalogue access

Z z:nmt:jnlzlia?ata Hub educatlon-and-
2 Eoli Catalogue tralnlng/un|ver5|tY'
12 ESA Multimedia Gallery underg raduate_level

- EO Training Activities

© Education for Schools
® EQ Summer Schools
9 D.ragon.lilro.gramme Eurapean Space Agency
® Tiger Initiative

® Advanced Training

@ (Other EO Training




| [Googesom e [Q

esa Earth Online

Data Access -~  Missions - | Earth Topics ~ Pl Community ~ Explore more... =

You are here  Home » EO Education and Training » EO Education for Schools | Ksnare | EEE

- EO Education for Schools

Need Help? Contact here European Space Agency

EO Education and
Training

EOQ Education and Training Home
EQ Education for Schools
Advanced EO Training for Pls
Other EO Training

- EO data

L]
L]
L]
L]
12

EO data distributed by ESA
Online Archives

Catalogue access
Sample data

EO Education for Schools Sentinel-1 Data Hub

=

ESA undertakes educational projects aimed at bringing Earth Observation inta the school curriculum. ESA has
developed the Earth Observation educational website, "Eduspace”. Other activities include organising and
contributing to workshops for teachers, and developing tools (such as atlases and CDs) for EQ education.

Eoli Catalogue
ESA Multimedia Gallery

M=

Eduspace

- EO training activities

ESA has produced and maintains the Earth Observation website for secondary schools, Eduspace. This website
contains a wealth of knowledge about remote sensing, image processing, satellites, instruments and
applications of Earth Observation. As well as being a source of information, the website is interactive and contains
many exercises and case studies designed to be used with software and data that can be downloaded freely from
the site. Eduspace is targeted mainly to secondary schoaols, but can be useful to anyone new ta Earth Observation.

Education for Schools
EQ Summer Schools
Dragon Programme
Tiger Initiative
Advanced Training
Other EO Training
Upcoming / Past Events

& & & & & & &

Eurapean Space Agency

- EO software

What is remcke

wanging?




Login My Earthnet | | "~ Custom Search

g@ esa Earth Online

Need Help? Contact here European Space Agenou

Data Access  ~ | Missions ~ | Earth Topies ~ | Pl Community -~ Explore more...

| Bl | AOIEE

You are here  Home » EQ Education and Training » EQ Education for Schools

EO Education and

- ESA School Atlas

ESA and Geospace launched an educational resource in the form of the ESA School Atlas. As a complement to Tral ni ng

the more conventional atlas, this represents an evolutionary leap in teaching resources, using satellite data to

show the Earth as it really is. EO Education and Training Home
EQ Education for Schools

The Atlas is built on satellite imagery and is packed with the most current and visually stunning results of Earth Advanced EQ Training for Pls

Observation. It displays in a clear and novel way all the fundamental processes affecting the Earth system, and Other EO Training

demonstrates the technigues of the future for monitoring and understanding our planet. THAR BECKEL
Thiz Educational resource is an invaluable tool for the classroom, finally providing a very affordable exposure to

costly satellite imagery fram a wide variety of sensors. Wide swath imagery providing continental and global ¥ EO data .

overview is included, together with satellite imagery of the highest spatial resolution available today, with images Giowe Wiew

of 0.6m resolution. EO data distributed by ESA

The production of the School Atlas was funded by ESA's Earth Observation programme specifically to convert Online Archives

this kind of Earth Observation material into an educational resource affordable to schools, and the atlas is
available at a much reduced cost!

Catalogue access
Sample data
Sentinel-1 Data Hub

@ @ o @

Earth Observation exploits our understanding of physics and computer science to observe a great many features
and processes taking place on the Earth’s surface and atmosphere. Some examples include the monitoring of
plants, oceans, atmospheric gas concentrations, geological features and changing cities. As such, while the
methods of Earth Observation are primarily relevant to the study of physics and computer science, the applications
are significant to an extremely wide variety of disciplines, including among others: geography, biology, chemistry,
environmental sciences, art and history.

[F]

Eoli Catalogue
ESA Multimedia Gallery

F

L]

EO training activiti
The ESA School Atlas kit is a very valuable resource also for students of Geographic Information Systems (GIS).
There are many ready made digital exercises on DVDs provided with the Atlas that can be used with the free
software packages LEOWorks and ArcExplorer.

@ Education for Schools
? EQ Summer Schools
The Atlas is accompanied by a Teachers Handbook and a digital version on two DVDs. It is available in both © Dragon Programme
English and German. ® Tiger Initiative
® Advanced Training
® QOther EO Training
]

Upcoming / Past Events

Alternatively, selectthe links below to download freely the DVDs and Teacher's Handbook:

e ESA School Atlas DVD 1 (4.69 Gb)
chool Atlas DVD 2 {3.20 Gb)
# Teachers Hand <(English}

® Teachers Handbook (German) - EO SOftware

The Atlas contains the following content:




LearnEO!

1.LeanEOQ! is an Earth
observation education project
funded by the European Space
Agency. Its aim is to increase
the understanding of satellite
data from ESA missions and
show how these can be used
to tackle environmental
problems in the real world.

2.Lessons use Bilko software.

The Amazon river plume

Monitoring oil pollution at
sea

El Nifio and the Southern
Oscillation (ENSO)

Monitoring Atlantic
storms

Observing Earth gravity:
Monitoring Arctic sea ice
Forest monitoring
Monitoring urban growth
Land cover mapping
Monitoring soil moisture
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LearnEO! d:>esa

Learn Earth Observation with ESA

About Datasets Lessons Software Resource library Information for authors Register

A holistic framework for EO education

M | essons on different ED applications.

B COwer 200 data sets with description.

M Mew powerful version of the Bilko software

B Resource library with extra information and toals.
Support for lesson writers and lesson users

P

Lesson Writing Competition

Do you care about EQO
education?

Do you want to share
your expertize?

Do you have
examples of how EQ
data can make a
difference?

Prizes: €5000, €3000, €2000

Open to anyone over 18 anywhere in the world
See our competition pages to learn more

L,mmh\ Mational

R AT (RG] AN G,

e

Partnerlogin

= [ Find i on
W Follow | | MF Twveet (F+ Share Share Flcibﬂﬂk




Training courses at University level in Europe: @“ @Sa

ECS (Capacity Building in Earth Observation)

Series of Radar Training Courses in ECS countries since 2008 (University
level): first for Radar Remote Sensing, now extended to the Sentinels

N2 CSA  carthnet oniine | Czech Republic (2008), Romania (2009),
w» Poland (2010), Hungary (2011), Estonia
- (2012), Cyprus (2013), Malta (2014),
Tou e e Horme 4£0 £ ucatn s Tramng» O £0 Trammg Slovenia (2015), Bulgaria (May 2016) and
- Training Package Details Latvia (Sept 2016), Lithuania (July 2017)

| Logm My Larthne! |
Radar Remote Sensing Course 2013 |
ESA | Frederich University | Department of Electromic Communicatons | Msistry of Communicatons and arthnet Online .
Works
o e— - EaTopes - PICommunty -
Mo, Cypeus
ey ey romne g u Cowconen gkl [rameng o Dfhed | ETL L

- Training Package Details

Radar Remote Sensing Technology and Environmental Applications
2012

E S [ Uniwad ity of Tartu | Tarte Observatory | DUR
18 . 20 April 2012

Tartu, | siosia

ESA/CS0 Radar Remote Sensing Course
27-11 October 2008

ESA Presentation | 20 June 2016 | Earth Observation Pr On 27-31 October 2008 ESA and the Czech Space Oice (CS0) jointly organised a raining courss in Radar ipace Agency

ESA UNCLASSIFIED - Releasable to the Public Remate Sensing, held in the Charles University in Prague, The objectives of the course were to train Czech and



Training courses at University level in
Europe: Innovative Training for

Next generation EO Scientists, in MS

GETHILE Hoama

— Ocean
= France, Sep 2015

+ Lth ESA ADVANCED TRAINING
ON OCEAN REMOTE SENSING

7=11 September 2005 | IFREMER | Brest, Fraace

2 & N e T

seom
5 thc eaploitatic

POLASTMETEY (DUNSE NN SEOM E1A

i Atmosphere Polarimetry
Germany, OCt 2014 Italy, Jan 2015

lide 215
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Training courses at University level in

Europe: Earth Observation Summer &Q{é@esa
Schools in ESRIN

seom

d-esa 1-12 August 2016 Summer School

+ EARTH OBSERVATION ESRIN

SUMMER SCHOOL 70 early career scientists
Earth System Monitoring & Modelling have taken pa rt.
seam

4 Usually organized every 2 years,
. open to students from worldwide,
free tuition

1-12 August 2016 | ESA-ESRIN | Frascati (Rome), Italy

~
(as

Global Observing Systems, Earth =
System Modelling, Data
Assimilation, Global Change

ESA UNCLASSIFIED - Releasable to the Public



Training courses at University level Iin s

Europe: EARSelL \=CSa

Long-term cooperation in organising joint Workshops for teachers / young
reseachers with EARSelL (European Association of Remote Sensing
Laboratories)

4 European Assocation of ¥ - = : :
EARSeL [—— Sensing Laboratares Special Interest Group L Recent EARseL WorkShOP

- Education and Training

1013 e 2010 . and Trainings: Bonn (June
54°44°N Z0°29°E . 2016),
Home 3rd Student Workshop on Ecology and Optics of Coastal Zones B e j i n g ( J u Iy 20 1 6) a nd
Topiks A Summer School jointly organised by: ! T -
programme P A % Frascati(Rome)/ESRIN on
pag * Faculty of Physics, Lomonosov Moscow State University, Russia
o ‘ Immanuel Kant Baltic F.:ﬁuw::::a;::%!:;:“'“ RS fOI‘ AI‘Cha EOIOgy
e * L Al bcanc (November 2015)
Regitration i Kalmingrad, fussi, on 10.13 iy 3017,
Cal for Papers Hew: Lecturer Meeting on 13 July, 14-17h

Lecturess and other interested partiopants will meat on 13 July afternoon for 3 strategy meeting. Foous wil ba on Upcoming even t:

Important Dates the creation of new educational material for different school and university levels in natural scences, mathematics

- S e e e . o e oo o e ness s s ess 37d Student Workshop on
Trav Ecology and Optics of the
pecommodacn | . Coastal Zones (10-13 July
2017, Kaliningrad,

Russia)

Contact
2nd Workshop 2016
1t Warkshop 3014

SIG Homepage
Eurapean Space Agency




Training courses at University level Iin
Europe: cooperation with other space \\QQ @Ssa

agencies (DLR, NASA)

Examples: Cooperation with NASA (Trans-Atlantic Training on LULC in
Baltic Countries and Eastern Europe). Forthcoming TAT training event in
Hungary, June 2017.

See TAT http://web.natur.cuni.cz/qgis/tat/
LCLUC workshop http://www.nyme.hu/Icluc training.htmI?&L=4
https://web.natur.cuni.cz/qgis/lucc/

i e ‘£
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Cooperation with CEOS

WGCapD

HOME ABOUT CEOS v OURWORK ~ MEETINGS DATA & TOOLS RESOURCES v+ CONTACT US

Committee on
c E 9 S Earth Observation Satellites Q Search ¥ f

Our Work CEOS / Our Work / Working Groups / WGCapD

Working Groups

| wGcapD WGCapD

_— E-Learning & Webinars

Training Workshops The Working Group on Capacity Building and Data
Meetings DemOCI'aCy

Best Practices
The WGCapD (formed at the 25th CEOS Plenary in 2011)

Wi undertakes a variety of activities based on the four pillars
AR of the Data Democracy Initiative Mission and aims
to unify CEOS efforts toward:
WGCV
WGCTimiate ° Prowdmg‘ wider and easier access to Earth
) Observation data
e ® Increasing the sharing of software tools such as the
WGISS use of open source software and open systems
interface
Virtual Constellations ® Increasing data dissemination capabilities and

transferring relevant technologies to end users
® Providing intensive capacity building, education, and
Other CEOS Activities training (including awareness and outreach) for
enabling end users to gather the information they
need and for increasing communication on achieved
results

Ad Hoc Teams

The WGCapD-6 Group Photo in Oberpfaffenhofen,
Germany (2017)




Training courses online -
centralized web page
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The content of most training courses can be linked from the central
web page for ESA EO Education and Training:

https://earth.esa.int/web/quest/eo-education-and-trainin

European Space Agancy

Data Access -  Misslons = Earth Toples =~ Pl Community - Explore more...

You BB harg  Bome s EO Education and Training W Follow | E Ehan | ﬂﬂnn

- EQ Education News EC Education and

Paaticipate in the E50 LeamEO! competition Train i

EC Fducafion and Traning Homs
£ Fdwcanion Sor Schools
Atwaniesd 0 Trainisg lor P
ke ED Toalimig

Ovanview of Carth Obssrvaton Trainieg al E3A

EQ&yndenates 3 weda rangs of actiibias in T hald of Eart Obsenation aducatan, raiming and capacky
bulding The scope al these adiibas ranges from high lewl fraining in slabe.ol Fe-art proce ssang for the nedt
aal Inmweligatar §a moi aral sutieach scihalies and Esh Observation educalion ol
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seom

scientific exploitation of operational missions

OBJECTIVES ACTIONLINES CONFERENCES NEWS TOOLBOX TRAININGS

ESA EO

COPERNICUS

SENTINEL

NEW OPPORTUNITIES

Invitations to Tender

PARTNERS

PROJECTS

CONTACTS

SEOM = Home

Archive

Chile earthquake on the Radar

BSINSARAP study PPO.labs/NORUT

Launch of EO Open Science 2.0

P

+ QUAKE ON THE RADAR

The combination of two Sentinel-1A radar scans shows
how the ground shifted as a result of Chile's 16

September earthquake

S1 Toolbox Mosaic of Estonia

B

©Copernicus data/ESA [2015)

SENTINEL 2 for Science

PR S S

Ocean Virtual Laboratory

©0ceanDatalab

Shaping next-generation

+ E0 OPEN SCIENCE 2017

EO OPEN SCIENCE

Land Training Course 2017

£ e aeh
EO Science for Society

+ FRINGE 2017

\\\\l\\\. e s a

Eurapean Space Agency



ESA Ul

Chile earthquake on the Radar S1 Toolbox Mosaic of Estonia Ocean Virtual Laboratory

BINSARAP study PPO.labs/NORUT ©Copernicus data/ESA (2015) ©0ceanDatalab

Launch of EQ Open Science 2.0 SENTIMEL-2 for Science Shaping next-generation
scientists

of Operational Missions) element:

The prime objective of the SEOM element of the Earth Observation Envelope Program 4 is to
federate, support and expand the large international research community that the ERS, ENVISAT
and the Envelope programmes have build up over the last 20 years. It aims to further strengthen
the international leadership of European Earth Observation research community by enabling them
to extensively exploit observations from future European operational EQ missions. SEOM will
enable the science community to address many new avenues of scentific research that will be
opened by free and open access to data from operational EQ missions.

:"nh-..
EO Science for Society

+ FRINGE 2017

FRINGE 2017

+ POLINSAR 2017 WORKSHOP

Polinsar 2017

4 bt ADYANCED [OURSE OM RADAR POLARIMETRY

Polarimetry Course 2017

# EARTH OBSERVATION
| Mo

[ * adelling

ESA EO summer school

4 ED OPEN SCIENCE 2016

15 -

EO OPEN SCIENCE 2016

:uropean Space Agency



Thanks for your attention!!!l .

dzesa

Web sites of interest for EO Education:

Copernicus: http://copernicus.eu/

ESA Earth Watching: http://ew.eo.esa.int/web/guest/home

ESA Education: http://www.esa.int/Education

SEOM: http://seom.esa.int/

ESA Earth Observation:
http://www.esa.int/Our Activities/Observing the Earth

ESA Earth Observation Education: https://earth.esa.int/web/guest/eo-
education-and-training

Eduspace: http://www.esa.int/SPECIALS/Eduspace EN/

International Charter: www.disasterscharter.orag
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