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SAR Basics + Land Cover

Farestry (Optical B SAR)

Agriculture | Optical & SAR)

arine (SAR), Presentantions Latvian
experts & intro to OpenEd Platform

Monday 27 June

8:00

82.30

Registration

Tuesday 28 June

Wednesday 29 June

Thursday 30 June

Fricday 1 July

830

B.43

Welcome
Speaker; Host institution & ESA

8435

230

Theory: ESA Intra & Introduction to ESAEQ
Missions
Speaker: Francesco Sarti (ESA)

9:30 -

10:15

Theory: SAR Basics

Speaker: Perre Lowis Frson

Theaory: intro to SAR & Optical for Forestry,
inc. Climate Change impact
Speaker: Dleg Antropov

Theory: Intro to SAR & Optical for
Agriculture, inc. Chmate Change impact
Speaker: Pierre Defourny

Theory: S&R Marine Applications (oil
spills and ship detection)
Speaker: Domenico YVelotto

10:15 -

10045

Coffee Break

10:45 -

12:00

|continuation)

[continuation)

[continuation)

[continuation)

12:00-

13:30

Lunch Break

13:30

14:30

1430 -

1300

Theory: SAR & Optical for Land Cover
applications, inc. Climate Change mpact
Speaker. Perre Lowis Frison

Practical: SAR & Optical for Forestry, inc.
Climate Change impact
Speaker: Oleg Antropoy

Practlcal: SMAP for LAl time series
production
Speaker: Fabrizo Ramaind

Theory: Fresentations from Latvian
experts

Speakers: thd

Practical: ESA OpenEQD Plattorm
Introduction to openEQ platform:
essentials & resources
Speaker: Benjamin schumacher

15:00

15:20

Coffee Break

15:30

16:30

16:30-

17:00

Practical: SAR & Optical for Land Cover
applications, inc. Climate Change mpact
Speaker: Peerre Louis Frison

Practical: ESA Forestry TEP
Speaker: Jukka Miettinen, Lauri Seitsonen

Practical: lupyter notebook for LAl time
series Quality Control and analysis for
CTorp mn"-lh::r:ng
Speaker; Baptiste Delhez

Practical: E5SA OpenED Platform - Use
cases: (1) Land Cover mapping [2) Time
Series Analysis, (3] Graph Visualisation: R
& Web Editor Interface
Speaker: Benjamin Schumacher g
Magdalena Fitrzyk

Feedback and Certificates.
Closing

lee Breaker

2 THE EUROPEAN SPACE AGENCY




European Space Agency Eesa

EUROPE’S GATEWAY TO SPACE

WHAI 22 Member States, 5000 employees

VHY, Exploration and use of space for
ST exclusively peaceful purposes

\
WHERE HQ in Paris, 7 sitgs across Eu_rope
T and a spaceport in French Guiana
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ESA Activities and Achievements esa

All of this is possible thanks to the collaboration of Member States

ESA is active across every area of the space sector

World leader in science and technology

| 6ver 80 satellites developed, tested, and operated since 1973
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T:More than 220 launches from Europe’s Spaceport in Kourou
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ESA Membership
22 Member States
Austria ltaly
Belgium Luxembourg
Czech Republic Netherlands

Denmark Norway
Estonia Poland
Finland Portugal
France Romania
Germany Spain
Greece Sweden
Hungary Switzerland
Ireland United Kingdom

3 Associate Members
Slovenia, Latvia, Lithuania

Cooperation Agreements

0 Other European States + Canada
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ESA Locations @ eSa
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ESRIN - ESA’s EO and European Small Launcher Programmes

esa

e EE @

Lz +

- I FAlNS

. . - I )
Copemicus - Largest Global EO Povider Earth Explorers
w— e
* Over427.178
registered users
« 25 terabyte new
EO data per day
- 365.23 PB of
download volume :
(e 13.uy2023) Groundbreaking Earth Science
) satellite missions 4
] » » N
International Charter Space & Major Disasters Home to ESA ®-lab
ESRIN hosts a 24-hour call operator to ‘X\ ESRIN hosts the
deal with requests for assistance from - Rl VEGA European
civil protection authorities small Launcher
Project Team
) \_ Accelerate the futureof EO )
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International Charter
on Space and Major
Disasters

Copemicus Emergency
Management Service

— Lesa
i EO for Disaster

Response and
Management Support
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ESA’s Earth Observation Mission Lesa

Satellites

12 in heritage

2010 2015 15 in operation

2020 41 in development
ERS-1 TS Met0p-B . [l:?;g?sat 11 MetOp-C . .
% '“'“”" A s S SRl S 22 in preparation

Arctic Weather

ERS-2 Enwsat MTGI1 0
proba-1 @ s 22 & y@sj:::;egf i‘ . (90 in total)

SMOS
Sentinel-2A Sentinel-6 Sentinel-5A Satellite
GOCE P i = NG 4% %\ Michae! Freilich Met0p-S6-A1 2025
CryoSat Sentinel-3A
Sentinel-5P Sentinel-2C
Sertinel-1C Sentinel-3C MetOn-SG-B1
- etOp-
M %@?
EathIZARE e C0zM A Senhnel -44
o Qﬁl. Sentinel- lEl ez MTG-51 MTG-I2
: @9 N T
; EOEM B C02M-C
Blomass %
ubeMAP 3 ; Sentinel-2D Sentinel-3D
HydroGNSS mphinels MTG-I3
% ”!“' Sentinel-6B CRISTAL-A s RDSE L-A
FLEX f‘*}
AL LSTM-A %

TRUTHS
o CHIME-A Sentinel-4B
% " th% RISTAL B 1

@ FORUM

ROSE-L-B  MTG-S2
: & I; LSTM-B B EIMR
armony CHIME-B J@ Eas Sentinel-58 2030
1 MatOp-56-A2

and global partneré to ‘ o
address SCIentlf.c & Explorer-11 Continuation of Sentinel Next Generation Missions

societal challenges _
wpeanding ot S Science Eesa Copernicus Meteorolog- 15
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FutureEO — Earth Explorers

esa

( ] ] ] \
Flying Missions I, Science &
GOCE | SMOS | Cryosat | Swarm | Aeolus | Innovation
2009-2013 2009 2010 2013 2018
* - 9, 1.200+
@ O Active Users
Future Missions 400+ Publ.
EarthCARE Biomass FLEX FORUM Harmony* per Year
2023 2023 2024 2027 2029
@m @ High Risks for
Great Rewards
- J

|
JL
i

—_— e ™ | > 4+ +

—r;—

*Pending final mission selection®
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Copernicus Dashboard Eesa

4 : - n )
> 425.000 6 operational services
registered users % db == i A @

= tip of the iceberg Land Atmosphere  Ocean CIiFnate Disaster Security
8 Copernicus Sentinels flying
((;(\3 §5? .':')Btsztelllteddata S1 S2 S3 S4 S5P S5 S6

— ¥ distributed per day
= A Y VG
Dg full, free & open l” - : °
data policy preparing Copernicus 4.0
L J
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Sentinel Expansion Missions

Causes of
Climate Change

- Agriculture & Urban

Management

Effects of
Climate Change

CIMR Passive Mlcrowave Radiometer o

» &

Sea: Surface Temp
& lce Concentration

. Minerals, Biodiversity

Food Security, Saill,

Vegetation & Ground
Motion & Moisture
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Scientific Advances & Impact

Building on Europe’s EO ecosystem to address societal needs and global challenges;

LPS 2022 Bonn May 2022

https://www.esa.int/ESA Multimedia/Videos/2022/05/Living Planet Symposium opens LPS 2
022

ESA UNCLASSIFIED - For ESA Official Use Only
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https://www.esa.int/ESA_Multimedia/Videos/2022/05/Living_Planet_Symposium_opens_LPS_2022

Climate: Sentinels add to 3 decades of ice sheet & sea level data @esa

11 satellites including ESA’s ERS-1, ERS-2, Envisat and CryoSat, S-1 and S-2

20

Greenland and Antarctica
ullyGis are losing ice six times

i faster than in the 1990s.

Polar ice sheets are now
10 responsible for a third of
all sea level rise.

5
Losses are on track with
the IPCC’s worst-case
0 | | | | | | climate warming scenario.
»o i S B sl o O R s

Mass balance of the Antarctic Ice Sheet from 1992 to 2017 (2020) Nature doi:10.1038/s41586-018-0179-y
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4DAntarctica — Towards the most advanced reconstruction of Antarctica Malczyk et al., 2020
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CRYOSAT Swath Altimetry to monitor World Glaciers  {Pesa

Eesa

Glaciers provide crucial enera:
resources and are ¢ '
land ice rn:

Glacier ice loss can now be measured frequently
and in detail from space using satellite radar altimetry

23
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An Earth system approach \n c105€

25
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Earth Science for Society — Applications

Extending Europe’s World-leading EO expertise and competitive advantage
Support international responses to global societal challenges

ESA UNCLASSIFIED - For ESA Official Use Only
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Enabling Agriculture monitoring and policies esa

;.. j_:\ Crop type mapping

& senucap

//// common agricultural policy W e Growing vegetation

indicators

2\ Grassland mowing
A ‘h | detection

sendstat

Sentinels for Agricultural Statistics

Agricultural practices
monitoring

Involved stakeholders

Sen4CAP > 20 Paying Agencies are early adopters and
integrating these EO-based solutions for monitoring.
Sen4Stat four National Statistical Offices involved as early
adopters.

International stakeholders are collaborating:

WFP ‘
FUU N worldrood & IFAD THE \/ =
A 5@}' Programme JU s EVAONRI{-D Q\% QEOGEAN
UCL . - & £ Q2FS
e 9 oneroise @) gisat  e-geos (B coLs
de Louvain AB ASI/ TELESPAZIO COMPANY ROMANLA o s p—

S1/S2 Detection
of mowing
events, harvest
& catch crops

Winter cereals 2020/05/17
total monitored Harvest status
area (cumulative area)

O 250 km2 B Harvested
™ Not harvested yet

Q 1,000 km?

3,000 km?2
200 km

)
Y ped_icteda_-p :
Accuracy:
80% (crop type) &
88% crop group
— s Il ZE 2= E




World

ect 2020
© Contains modified Copernicus Sentinel data (2020), processed by ESA WorldCover consortium

© ESA WorldC over prog

g T
X R,
. l_r
N
WorldCover

wide Land Cover Mapping at 10m Eesa

& sentinel-2 @ eSsa

"@1\ sentinel-1

WorldCover

-> a freely accessible global land cover
product at 10 m resolution for 2020,
based on Sentinel-1 and Sentinel-2 data

v Released on 20" October 2021
v" 11 classes, =74% overall accuracy

Tree cover ' | o i, v Independent data validation,
—oisety s AP 4e highly robust for phenology,
=y L ' ! . Copernicus DEM used as auxiliary data
I Sopmsevogeaion (K oo o8 v Part of ESA EOEP-5
= il ~ R - (Block 4 — EO Science for Society)

Herbaceous wetland

Mangroves
[l Moss and lichen

https://esa-worldcover.org/ \

*‘"to Bmg‘“ .&; jcﬂm P 5 gWA"E_ NNNNNN
28
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esa

Enabling Coastal Charting and Erosion monitoring

Monitoring of
shoreline
indicators and
coastal erosion
estimation.

03/04/2018

Historical Erosion and Accretion monitoring.
Future projections of erosion evolutoin.
Major cliff events.

Involved stakeholders

National governmental agencies, regional
authorities, intermunicipal cooperation and
municipalities, as well as natural site managers,
research centers and coastal observatories

Two parallel projects Thousands of km over France, UK,

- - Ireland, Spain Canada, Italy, Germany, y : : : _ s
il 6 i-Sea Portugal, Greece, Romania, Norway 29

N Il = 4= 1= 1111 O S e o B b BN 2R 22 B ==




Earth Science for Society - Digital Platforms

Access and utilization of EO data shall be massively enhanced and democratized by
accelerated use of ICT, bringing users to data and scalable hosted processing

ESA UNCLASSIFIED - For ESA Official Use Only 31
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The Rapid Action on coronavirus and EO

RACE Dashboard

The Rapid Action coronavirus Earth observation dashboard presents
the results of the Joint cooperation between ESA and the European
Commission on Covid 19 and EO.

The platform demonstrates how the use of Earth observation data can help
shed new light on societal and economic changes currently taking place
owing to the coronavirus pandemic.

1 :
Rapid Action*on COVID-19 and EO
+ Copemicus

32
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I

RACE Project Summary race.esa.int

0/N\O
é CHL-A & TOTAL SUSPENDED MATTER

e .m. q
f 7\ . NO2, CO, PM2.5, PM10, O3 N HHE
" ifinen
537 A. TEMPERATURE, HUMIDITY, WIND OPEN
INDICATORS ~ {ff§l PRODUCTION, HARVESTING SOURCE VISITS COMPANIES
v 4/ WORKERS AVAILABILITY OQ@ ,ﬁ/_ l@\
he 00 Y,
A Y9
-gl. LB FREIGHT TRANSPORT REPRODUCIBLE EDUCATIONAL 3 COMMUNITY
39 i IPeRTaTSHiERING SCIENCE RESOURCES CONTRIBUTIONS
COUNTRIEES & P Y
(EUROPE) =xs MANUFACTURING, MATERIALS

~ i CEEm A
-

UPDATES

000000000000000000. |
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How to use race.esa.int?

COVID-19 lockdown: What is
the effect on your city’s air
pollution?

Step-by-step tutorial with simple and visual
instructions on how to analyse (through graphs
and EO image multitemporal comparison) the

Building traffic @ maps with
Space data [1]

Step-by-step tutorial with simple and visual
instructions to retrieve average number of
trucks on motorways and primary roads on a

Coronavirus and Water Quality
- what’s the correlation?

Step-by-step tutorial with simple and visual
instructions to inspect water quality maps and
water quality time series and combine and

evolution of NO2 concentrations throughout
lockdown periods.

location of choice. compare multi-mission data.

EURO DATA CUBE ABOUT | EDC HOMEPAGE

[ 1]} Y X
EURODATACLE ABOUT EDC HOMEPAGE

Building traftic (B maps with
Space data §8

A quick tutorial to generate traffic maps and understand impacts of  * a 5“““5"@"’ [ Folow | vEERO
COVID-19 on Europe’s mobility & economy Dec 17,202 inread A

o -.0®

EURO DATA CUBE ABOUT | EDC HOMEPAGE

Coronavirus and Water Quality
— what’s the correlation?

A simple way to map and plot water quality using an open and free
tool provided by NASA, JAXA and ESA

COVID-19 lockdown: what is the
effect on your city’s air quality?

A quick tutorial to create air quality maps and understanding the
evolution of NO2... using satellite data.

@4 Medium

During lockdown periods, the major industrial sources of pollution

‘Sara Aparicio

affecting aquatic ecosystems (such as industrial wastewater, crude o

reduced levels of pollution — and this can be observed from Space usi

i / ; » p =% satellite data. In an unique unprecedented collaboration, three space .-
( mezm \ Road transportation is a good indicator of how the economy ¢ e I @ : ol agencies - NASA, JAXA and ESA are making it possible to access this i
How has lockdown impacted your city or your country? Follow the \ E \ country is performing. Follow the step-by-step instructions tc =- (o] information through a user-friendly tool, available at the touch of a fir
step-by-step instructions to understand the evolution of air quality L= g g understand the evolution of trucks on main roads throughoui “ E i free and open to all.
throughout lockdown measures using a free online tool, launched by 7/l = = lockdown periods in Europe, using satellite data and an onlin: g =
ESA and the European Commission. launched by the European Space Agency and the European .
Commission. " -, 1

Tutorial:

% Monitor &
water quality i
L — 1

M arauer)
TUTORIAL:

Create road traffic

o TRy
—~!  TUTORIAL:

Analyzing air
quality using
Space data

=

maps using
Space data

Monitoring Chl-a and Total Suspended Matter with satellte data (from NASA, JAXA
and ESA) to understand the effects of the lockdown measures in different regions
across the globe on regional water quality as consequence of human activity changes

Road transportation is a good indicator how the ecanomy of a country is

1 [
»

34

I
I
I
I

= T il EE W L ] — e = . = Bl 5 2= = Em i I+l > THE EUROPEAN SPACE AGENCY



https://medium.com/euro-data-cube/find-covid-19-lockdown-measures-impacts-on-your-citys-air-quality-b628872b3251
https://medium.com/euro-data-cube/building-traffic-maps-with-space-data-%EF%B8%8F-fd894a847792

—
EURO DATA CUBE

| I—

élogiél:AP;_'  EO Browser

Sentinel Hub — the world-leading operational Data Cube Platform

A
@

60 k

monthly visitors

60 M

processed requests

< @5EO Browser ,' e
-

T it S
O Soarch S Resuln o Msualmation L

T e
e

B P % © & =

106 GG BY 3.0, DpenSrestMan © OD6L i Atont EO Bromeser | Contact us | Get dsta L Lat 1177, Lng 158454 |L10km

Open-source and free to use

4

Statistics - Septembei' 2021 visitors from200 countries
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FutureEO Block 4

 Two fast DTE demonstrator projects on going showing the potential of an HPC capability in ESA.

— HPC Demonstrators @esa

» Activities based on the scaling up of DTE Precursors projects over Antarctica and the Mediterranean.

DTE-Antarctica will provide a first 4D reconstitution
of the Antarctic system including the ice sheets-
ocean and atmosphere interactions with focus on ice
shelves dynamics, stability and risks of collapse
under different scenarios

DTE-Hydrology will provide the first full
Mediterranean remonstration of the hydrological
cycle at 1Km resolution and 1 hour based on an
effective integration of state of the art EO
datasets, hydrological and hydraulic models.

36
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Climate Change Initiative

The ESA CCI develops robust, global long term satellite datasets for 21
Essential Climate Variables as defined by the Global Climate Observing System.

ESA UNCLASSIFIED - For ESA Official Use Only

e == | 4= _ D ] E =N = =" W™ ] 3 + N N > THE EUROPEAN SPACE AGENCY



CRYOSAT measures changes of Antarctica Ice Sheets

38
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OBSERVING SEA LEVEL FROM SPACE

TOPEX-POSEIDON JASON 1 JASON 2 JASON 3 SENTINEL-6 Rate Of Sea |eve| rise iS
| accelerating (towards 4.5
mm/year)

Sea level rise is not uniform

ESA generating long term
Warming observation record
Copernicus Sentinel-6,
extending record

Thermal
expansion

.@ 1993 1995 19? 199 T R s N N S S A Cu rrent area Of fOCUS on
coastal sea level

39
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TRACKING THE OCEAN’S LIVING CARBON PUMP esa

Phytoplankton: a biological
climate indicator for the
oceans.

Ocean colour detection from %
space | &

Global primary production
varied between 38 and 42 -
gigatonnes C per year )
between 1998-2018.

" Primary production (1998 - 20_.1 8)

Carbon per sq. meter per year
_.
0 grams 700

40
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OBSERVER: Mapping ground motion at
European Scale: from dream to reality

https://www.copernicus.eu/en/news/n
Thu, 02/06/2022 - 12:00 . .
Print to pdf mapping-ground-motion-european-sca

In May 2022 the Copernicus Land Monitoring Service launched the European Ground

Motion Service. In this article we look at the making of the service and its significance to

Lsers.

Left image: landslide and subsidence in mountainous area east of Lyon, France - Basic Figure 6: Principle of the InSAR techniques: sketch of phase-shift (Ar) detection by
Product; central image: bradyseism in Campi Flegrei, Naples - Basic product; right image: comparing two SAR images, produced by a ground deformation.

metropolitan area of Rome- Basic product; credits: EEA/Copernicus Land Monitoring
Service/EGMS
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Baltic Regional Initiative esa

o Kasvattamo | JERNE Agri- land cover land cover change turbidity

® \Vertailupiste

Stroomi -

Aquaculture impact Land management impact on coastal
monitoring/assessment environment

43
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Monitoring grazing and mowing practices Eesa

Monitoing of O B iy - cno¥- -
pastures with Grazing 2021™* . Prabec \ ' A OW -]+
Sl/Sz Search *) Parcel -._-dnm’ . 4 e S : A ' / : \ ¢ —

Parcel info ®
Updated at: 26.09.2021
Client: 4756
1Dz 21300018
Area: 72.63 ha
Crop: rohttaimed
Field type: Pisirohumaa

Field status: @ Compliant

Events: 11.06 Cut

03.08 Cut

View chart Repart error
> & >N g »
; £ r hat e x : N: 58.0053 F. 24.0792 1o Maa-amet | PRIA
0.7 I - { -I
TR Coherence VV [ | L | \ 44
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Baltic SEAL isa project, aiming to: -

- Exploit high-frequency multi-mission altimetry observation
+ By using sophisticated retracking and classification techniques, very close.to
the coast (~ 3km), within sea-ice regions. _

»— Low Resolution Mode (LRM)-altimetry missions used: TOPEX-Poseidon,
Jason-1, Jaﬁ_s_ﬁo"mz;,ERS-Z, Envisat, and SARAL/AItiKa.

66°N

- Delay-Dopplef({DD).altimetry missions used: Cryosat-2, Sentinel-3A, and A o
Sentinel-3B. e N . TEE e e % “
- Improve and update the mean sea level information in the Bél}i-cfS_ Vg | | = s
- Provide temporal variable datase R T E ot *.f‘».t“.' f}"-{-
- Monthly triangulated meshes ' == ng:track '
- Hig por 4 \{}pea Surface b
h-tempol \J4 'Heights . | "

Investigate seas

Generate 5 vears covering
Outreac : P ( "I

MG, Abu

L e
1> ® DMI
Danish Meteorological Institute

™ -
e
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https://doi.org/10.3389/fmars.2021.647607

—
| |
- -

raining act

=

ESA UNCLASSIFIED — For Official Use _

. L1 R ot - || WE = — e B
e &= -




Training & Education

& » ADVANCED COURSE ON RADAR
g  POLARIMETRY 2019

22-25 January 2019 | ESA-ESRIN | Frascati [Roma), Italy

@ n @ 508 {-esa

2 ESA CRYOSPHERE REMOTE SENSING

mie ¥ r »
ité catholique de Louvain
Belgibfn -
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IN SPACE
Land in Focus introduction to
Basics of Remote Sensing #adar Remote Sensing
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A NEW ONE: Impact of A NEW ONE... EO from A NEW ONE... Land in AN ONGOING MOOC:
COVID-19 measures on Space: The Cryosphere Echoes in Space
Atmospheric Composition e

https://eodsociety.esa.int/training-
education/

Links to some educational resources from ESA
partners/partnerships, such as CEOS WG CapD,

Earth Observati.un from Earth Observation: Monitoring Climate from T*-‘E Frozen Frontier: D LR/J ena NASA/A RS ET
I

Space: the Optical View Disruptive Technology and Monitoring the Greenland
i ctic th New Space ~ Ice Sheet from Space
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