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Earth Explorers &&?esa

GOCE (2009-13) studying Earth’s gravity field

SMOS (2009- ) studying Earth’s water cycle

CryoSat-2 (2010- ) studying Earth’s ice cover

Swarm (2013- ) three satellites studying Earth’s magnetic field
ADM-Aeolus (2018) studying global winds

EarthCARE (2019) studying Earth’s clouds, aerosols and
radiation (ESA/JAXA)

Biomass (2021) studying Earth’s carbon cycle
FLEX (2022) studying photosynthesis
Earth Explorers 9 & 10 to be selected
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GOCE: ESA’s Gravity Field and Steady-state Ocean
Circulation Explorer

s

{cesa

= ln .
| il
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s
«  First gradiometer in space launched 1
« Best ever staticgeoid
« Various versions o‘xche geoid have s =
» ‘ : Pt ;;

including all GOCE measurements

End of mission declared:21 October 2013 following

. depletion of Xenon fuel
3
Re-entry 11 November 2013
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GOCE & Altimetry: Global Mean Ocean Currents \\ €eSd
80° Altimetry derived mean
i sea surface when
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CryoSat: ESA’s Ice Mission

« Launched 8 April 2010

» First interferometric altimeter in space

» Global ice elevation & thickness change measurements

« Data used for ice research, but j

© Thinkstock by Getty Imé ges
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Arctic Sea Ice Thickness
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SMOS: Soil Moisture & Ocean Salinity Mission

 Launched 02 November 2009
« Data delivery since February 2010

« Complete Earth coverage within three days

« Radio Frequency Interference
(RFI) mitigation continues

Outstanding international cooperation
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SMOS Measurements {cesa
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SMOS monitoring major droughts in 2015

outhAfrica
April 2015

Jan Feb Mar Apr May Jun Jul Au Se Oct Nov Dec >
Australia

Root zone soil moisture Drouiht index June 2015
Slide 14
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Sea Ice Thickness from SMOS

|Noverpber2016| // ~ X
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Copyright:
University of Hamburg

2012 2013 2014 2015 2016

0.0 0.1 0.3 0.6

Sea-ice thickness from SMOS November Slide 15

— 0l e c= ' 4 W = "Il D ==l T 2 ae vl



L 6 d=esa
__.' ;

- | e
SWARM Mission

= I EfFE_ Sl =E8



Swarm: ESA’s Magnetic Field Mission

Three-satellite-constellation,
launched 22 November 2013

Measures the geomagnetic field
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Swarm: Earth’s Magnetic Field

© ESA/DTU

Main magnetic field at Earth’s surface as of June 2014

20000 20000 40000 50000 60000 L M

— I he c= = 4 ]|



—
r

Next Earth Explorers

®
N
QO

2018: ADM Aeolus
- Atmospheric wind profiles

2019: EarthCare
- Clouds and Aerosols

2021: Biomass
- Above Ground Biomass

2022: Flex
- Plant Health
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ADM-Aeolus: ESA’s Wind Profiling Mission

Direction to Sun

. Obs_e_rVa"cior_\s of wind profiles for analysis of global wind field S o =
‘ ; ; g ; . — Q. Velocity direction
.* Understanding of atmosphere dynamics and climate processes K%

. Improved weather forecasts and climate models ‘ : Altitude

400 km

UV lidar (355 nm) with Mie and
Rayleigh receivers

Doppler shift used to retrieve
Horizontal Line of Sight component
of wind velocity

.4‘“:\;‘1 s --.»:-"'

ar o lzolar Predlctron

P): 2017 - 2019
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Q esa EarthCARE Clouds &Aerosols

ESA's sixth Earth.Explorer Mission,
implemented in cooperation with JAXA

Mission goal: relationship of
clouds, aerosol and
radiation budget

Launch: Soyuz 20

. ESA; ‘sa_teIIi_te,' launch, operafions,
3 instruments (ATLID, MSI, BBR)

JAXA: cloud profiling radar -
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Further Earth Explorer Missions

e 7t Earth Explorer: Biomass
e selected 2013

e Biomass estimates based on global

interferometric and polarimetric
P-Band Radar observations
e Launch: 2021 (Vega)

Slide 25
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The Science Question
8.3+0.4 GtClyr

4.3+0.1 GIClyr
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.FLEX (FIuorescence Explorer) Mission
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Earth Explorer Missions

e 8th Earth Explorer: FLEX

« global maps of vegetation fluorescence, O _—

which can be converted into an indicator of

photosynthetic activity
Launch: 2022 (Vega)

Slide 28
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FLEX: Fluorescence tracks photosynthetic change “\W ceSa

Low
concentration

Higher
concentration

NDVI F.. (mW m?sr' nm") F, (mW m? sr' nm™')

| - | . . .
0 1 0 5.2 0 2.6
Rossini et al. (2015) Geophysical Research Letters, 42, doi:10.1002/2014GL0629435. Slide 29
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Sentinels: A New Generation of Data Source Q&%esa
Sent-1A/B Sent-2A/B ) Sent-3A/B Sent-4A/B Sent-5/5P Sent-6A/B
Wy, 2 B > et [ &y \”ﬂ
~ Sy - - , s, 5

= Copernicus - European space flagship programme, led by the EU

peration of some Sentinels, data buy from other partners, system
evolution

= Sentinels — designed to monitor various elements of the Earth System in
a fully operational manner

Free and open data policy opernicus
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Current Approved Sentinel Missions

(s

‘ S1A/B: Radar Mission
% S2A/B: High Resolution Optical Mission

9 S3A/B: Medium Resolution Imaging and Altimetry Mission
’ S4A/B: Geostationary Atmospheric Chemistry Mission

. S5P: Low Earth Orbit Atmospheric Chemistry Mission

. S5A/B/C: Low Earth Orbit Atmospheric Chemistry Mission

a S6A/B: Altimetry Mission

Slide 32
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Gpemicus

Sentinel Open Access Data Hub

. & @
L
Registered Users

99,049

" Published Products

4,368,578

=
~—

Volume of User Downloads

36.52 PB

0

Access Hub Availability
in the past month

99.6%

Open

statistics as of
19 October 2017
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The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to
Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5P user products, starting from the In-Orbit Commissioning Review (IOCR].

Sentinel Data are also available via the Copernicus Data and Infarmation Access Services (DIAS) through several platforms .

Welcome to the Copernicus Open Access Hub Reports & Stats

Please visit our User Guide for getting started with the Data Hub Interface. Discover how to use the APIs and
create scripts for automatic search and download of Sentinels' data, with synchronous access to the latest data
and asynchronous access to historic data via the API and GUI.

For further details or requests of support please send an e-mail to eosupport@copernicus.esa.int

@ @ L2 @

| climate stress test...pdf A~ & BOAOI-IENAPIO-..PDF A = BOAOI-FENAPIO-..PDF ~ @ Indices-2.3-ME5.docx

— Il ez 4 W = " Il D == B3Il T 2 E1ZE i

Data updated hourly

@ 38,892

prod. published in the last 24h

.!- 338,550

downloads in the last 24h

g Reports

Resources

Show al
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I i andidates \\\““k
Sentinel Expansion to be verified through K eSda

requirements process !

« Sentinel-7: a anthropogenic CO, monitoring mission XCO2, (XCH4)
« 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

(Land ice elevation and sea ice thickness, snow loading on sea
ice).

« Sentinel-10: a Hyper-spectral mission (Agriculture, soils, food security,
biodiversity)

Slide 35
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&« c @ eceuropa.eu/jrc/en/research-topic/earth-observation @

An official website of the European Union How do yo! English (en)

Search Q

el 3

EU SCIENCE HUB

Easenean The European Commission's science and knowledge service

Commission

European Commission > EU Science Hub > Research topic > Earth observation

Home  About Us  Research Knowledge = Working With Us Procurement  News & Events ~ Our Communities

Research

Science areas

Research topics

Centre for Advanced Studies

Laboratories & facilities

Crosscutting activities

Earth observation

Earth observation

Mesoscale productivity fronts and

Science Areas Earth observation is the gathering of information about planet Earth's local fishing opportunities in the
Environment and climate change physical, chemical and biological systems via remote European Seas

sensing technologies, usually involving satellites carrying imaging i
Science updates devices. Earth observation is used to monitor and assess the status of, ARCTHARS E.SU”‘.Etm | 1o uutioog
The EU crop map - a first continental and changes in, the natural and manmade environment. Space-based i C.mlfb moEltogmgUiurgpearJ]
high-resolution map of the European technologies deliver reliable and repeat-coverage datasets, which 23?1 QUGG = SEEallIE = SHDE
Union combined with research and development of appropriate methods,

e e g T



ecure | step.esa.int/main/download/

proce... @ Online5A0 @ Webmail EKMA @ EIEEPXOMENA @ Webmail EKIMA. -

t (s,
sscieencpe toolbox exploitation platform & esa

ESA STEP TOOLBOXES guuallliiRsfirey GALLERY DOCUMENTATION COMMUNITY THIRD PARTY PLUGINS

SNAP Search...

Sentinel 1 Toolbox

Sentinel 2 Toaolbox 2
Home = Download 'q
Sentinel-3 Toolbox

SMOS Toolbox

Proba-V Toolbox Download

PolSA&Rpro

Download 2013
) = SMAP | Sentinels Application Platform

Community E

Useful Links

Kanning | Irhan Areaz from Snace



step S,

€Sa

s
science toolbox exploitation platform K

ESA STEP TOOLBOXES DOWNLOAD GALLERY DOCUMENTATION COMMUNITY THIRD PARTY PLUGINS

SNAP Search...

Sentinel 1 Toolbox

Sentinel 2 Toolbox ] -
Home = Useful Links = Links ;q
sentinel-3 Toolbox

SMOS Toolbox

Proba-V Toolbox Li“kE
PolSARpro
Download . - ..
e Copernicus Sentinel Missions 2018
Commumnity
Useful Links ESA Missions

ESA Earth Explorers Missions

ESA Third Party Missions

Mapping Urban Areas from Space

ESA Earth Online (MUAS 2018)




https://land.copernicus.eu/global/

Copernicus Global Land Service

Home

Products

Use cases Product Access Viewing

R

. e

A o
About | Contact us

Cgp@miggg

Library Get Support

Cryosphere

Hot Spots

Groundbased


https://land.copernicus.eu/global/
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https://land.copernicus.eu/local/urban-atlas/view

https://land.copernicus.eu/local/urban-atlas/street-tree-
layer-stl

https://cds.climate.copernicus.eu/cdsapp#!/dataset
/satellite-fire-burned-area?tab=overview (250 m)

Slide 41
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https://cds.climate.copernicus.eu/cds

app#!/dataset/satellite-soil-

moisture?tab=overview

U i s w3 LA

More details about the products are given in the Documentation section.

uu

DATA DESCRIPTION

Data type Gridded
Horizontal coverage Global
Horizontal resolution 0.25°x0.25°
Temporal coverage 1978 to present

Temporal resolution

Day, 10-day and month

moisture

3

File format NetCDF

Update frequency Depends on the product: 10-day for the ICDR and 6 month for the CDR.

MAIN VARIABLES

Name Units | Description

Surface soil moisture | % Content of liquid water in a surface soil layer of 2 to 5 cm depth expressed as the percentage of total
saturation.

Volumetric soil m? m | Content of liquid water in a surface soil layer of 2 to 5 cm depth expressed as m? water per m? soil.

Slide 42
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https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-soil-moisture?tab=overview
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https://cds.climate.copernicus.eu/cds
app#!/dataset/satellite-
albedo?tab=overview

DATA DESCRIPTION

Data type Gridded(Plate Carree projection)

Horizontal coverage Global land surface.

Horizontal resolution 1/112° (~1 km) for SPOT-VGT and PROBA-V, 1/30° (~4 km) for AVHRR.
Vertical coverage Top of the canopy.

Temporal coverage September 1981 to present.

Temporal resolution 10 days.

File format NetCDF.

Update frequency Month.

Slide 43
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https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-albedo?tab=overview

C & urban-tep.eu/#! * 0
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tep Background Data & Services Quick Start  Publications & Media Partners
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C & geohazards-tep.eu/#!

Apps A Applications proce.. @ Online SAQ @ Webmail EKNA. @ EIZEPXOMENA @ Webmail EKNA. -..

W Signin 7 Register 77 BeCOMean 13 contact "F@c C.E
o : Early Adopter  — & . ‘9% O

geohazards
tep

Home Workspace ~ Early Adopters Programme Background Observations & Measurements -~  Services Catalogue  EO sector Collaboration

_ FRINGE 2020 (post-poned)

Advances in the Sdence and Applications of SAR Interferometry A, : B Ve S 3 N
and Sentinel-1 InSAR (date TBC due to Covid-19 outbreak) Q A A ' . 1
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http://rslab.gr/downloads LandsatLST.html \

Z

-CSd

Landsat Land Surface Temperature

Documentation: Parastatidis, D., Mitraka, Z., Chrysoulakis, N., Abrams, M., 2017. Online Global Land Surface Temperature Estimation from Landsat. Remote Sens., 9, 1208.

& R G+ : From:
Map  Satellite BN s =
‘I.:'; L [

Select Landsat:
Landsat 5 v

Select Emissivity:

ASTER v

‘Drawpolygon‘ ‘ Load KML |

Calculate LST
= -

] European Space Agency



http://rslab.gr/downloads_LandsatLST.html

TAXEIX 2TH AOPY®OPIKH THAEIIIXKOIITHXH (downstream)
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MNeploodtepa dedopeva. YPnAdtepn nootnta. MeyaAutepn AtaBeoipotnta

Tnv nepiodo péxpl to 2026 avapevetal va ektoéeuBolv mavw amod 400 dopudopol (Avw Twv
50kg) Napatrpnong tng I'ng (Earth Observation-EO), evw o avtiotolxog aplBuocg yla tnv nepiodo
2006-2015 Artav nepimou 160.

To cuvOUAOUEVO LOTOPLKO apxelo umnpeolwy onws o EOA kat n NASA aplBuel mAgov dekadeg
PBytes, evw n oAo kal mo Stadedouevn xpnon CubeSats Ba mpoodepel PBytes EO debopévwy
KOTAL £TOC.

ElWdikd yla to Eupwrnaikd Mpoypaupa Copernicus, eykpiBnkav amd tnv Euvpwmnaikn Emitpornr) ot
koworpaéiec mou uAomolwouv Tt unodopec DIAS (Copernicus Data and Information Access
Service). Ta DIAS evioxUoouv onpavika T OuvVaTOTNTEG yla €€aywyrn MAnpodopilac amod ta
pLeyaia Sedopéva mapatripnong yng Kat tnv ovAmtuén TOANATAWY EUTTOPLKWY EPOAPUOYWY,
depvovtag kovta ta dedopeva, Toug alyopBuoug avaluong Kal T CUCTHUATA UTIOAOYLOTIKWY
vedwv.

Scale, Frequency, Quality

H ocuyvotnta avaveéwons Twv dedopévwy, kabwc kat n duvatotnta AnPng touc oe SLAPopeC
KALLLOKEC, BEATIWVETAL CUVEXWC.



Avoikta 6edopgva

H tdon yla avolktd debopéva, onwc otnv nepintwaon tng unoypadrc tou Copernicus Regulation mou
BeopoBbetel Motk Swpeav kot avolktwy dedopevwy (free and open data policy) pexpt to 2034 yLa to
Copernicus, dlvel wBnon otnv ayopq, e VEEC ETILXELPNOLAKEC UTINPEOCLEC KAl VEQ EUTIOPLKA EPYQL.

Big Data, Analytics, 10T, VR kal eicodoc epnopikwv popewv ICT

Ta napanavw Sdlapopdwvouv pia vea mpokAnon, autn tng aflomolnonc tTwv SeSOUEVWY QUTWY HE
TeXVOAoyleg Tou pmopoUv va SlaxelploTolv Tov Ueyalo toug oyko (Volume) kat moAurmAokotnta
(Variability/Complexity) pe v nAégtaxitnteg (Velocity/Acquisition). Tétoleg Ttexvoloyieg elvad:
*Yninpeoieg/Ynodopeg YrohoylotikoU Nédpoucg (Cloud Computing/Infrastructure) as-a-Service

*Platform Analytics/Interactive Programming

*Machine Learning/Deep Learning

*Internet of Things (loT): Mapatnpeital pa T@on cVykAlong Tou loT ue tnv aflomoinon dopudopkwv
dedouevwy oe oevapla onwc ol'EEumvec MoAelg (Smart cities)

*Virtual Reality: Ou texvoloyleg Ewkovikng MMpaypatikotntag PonBouv otnv oOmTkonoinon Ttwv
dedopevwy (data visualization) kot otnv avanmtuén avtioTowv ePapUOywWV.



Néegmnyég dedopévwv

*Avantuén otoAwv pkpodopudopwy amnd VC: Ta tedevtala €Tn €XouV ELPAVIOTEL TTAVW
arno 10 Venture Capital-funded startups, kupiwg otig HMA, mou emikevtpwvovTal Kuplwg
oe Very High Resolution (VHR) &ebouéva oto omtikd ¢AOUQ, HE TIPOOTITIKY TNV
Taykooula kKaAupn o€ nuepnola BAacn o€ xwpLlk avaluon evog uetpou to 2020.
Evbelktikd mapadeiypata: Terrabella (ex Skybox) kat Planet (ex Planet labs), Leostella.

Juotnuata RPAS kat HAPs: Aufavouevn eivat n taon xpnong Yeuvdodopudopwv
(pseudo-satellites) mou Bplokovtal o€ nuL-oTATIK TPOXLA Kal dlvouv Tn duvatotnta
APnc dedopevwy vPnAnc akpifelac. Ta RPAS (Remotely Piloted Airborne Systems)
OTOXEUOUV OE EUTIOPLKEC €PAPHOYEC, KABWC Kal ePpappoyeC aodPAAELAC, EPELVOAC KAl
puxaywylag. Ta HAPs (High Altitude Platforms) Bplokovtal oe ¢don avamtuéng kat
EUMOPLKNC a&lomoinong otnv Eupwnn (m.x. Zephyr, Stratobus). Kat ta dUo cvotriuata
£XOUV TIPOOTITIKEG CUVEPYELAG UE SOPUPOPLKA CUOTAUATA.
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Spectral Comparison: Landsat 8/9, and Landsat Next
Increased spectral coverage with Landsat Next will enable new applications

Landsat 8 & 9 Landsat Next
-
Bands 10-11 TIR: surface temperature,
crop water use (evapoliranspiration), Bands 22-26:
Thermal cloud detection & active fire/volcanos surface temperature, o
Infrared ‘ crop water use (evapotranspiration),
mineral and surface comp mapping,
cloud detection, active fire/volcanoes.
o

Bands 19-21:
soil quality & crop management

vegetation (type, biomass, health),
soil, and burned areas

! >

Superspectral

Shortwave -
infrared Bands 67 SWIR: |:

- Bands 14-16:
cirrus cloud snow cover and
detection ice melt (liquid water)
(aids in atmosphere
- tion)
Near Near IR: corree .
Infr: d ‘ vegetation indices Band 13: water vapor, for -
nirares & health improved atmospheric corrections
| E—
Band 11: vegetation indices
E::gh?(;matic Bands 9-10: leaf area, chlorophyll,
{15m resolution) early plant stress
-
Bands 6-7:
water quality, harmful algal blooms
: Band 5: vegetation health
Visible < visible light Band 1: imaging
Light (R. G, B)

natural color

r

shallow water and coral,
and tracking
dust/smoke (aerosols)
Bands 1-2: improved aerosol retrieval;
. ::| inland/coastal water quality

https://landsat.gsfc.nasa.gov/satellites/landsat-next/
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algal blooms

plant health = - Landsat Next

water quality plant stress snow & ice soil quality crop water use

[ [ ] Il

visible light near infrared shortwave thermal infrared
“infrared
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Hyper-spectral data (uneppaopatikd dedopéva)

Ta unepdpaopatika dedopéva mpokuntouv amd 100 €wg 200 daopaTikeG {WVEG
HULKpoU gUpoucg (5-10 nm), evw ta moAuPpaopatika Sedopéva npokumtouy amnod 5-10
dOOoUATIKEG {WVEC HE EVPOC TIOU KUHalveTal petaéy 70-400 nm.

Data cube: xwpikn mAnpodopia oto X-Y plane kot pacpatikn mAnpodopia Z-
direction.




Atpoodatpa: udpatuol, LBLoTNTeC vedwv, alwpolpueva owpatidla
OwoAoyia: YAwpopUAAN

FewAoyla: opukta Kol €idn edadwv

Napaktia V6ata: chlorophyll, phytoplankton, StaAupéveg opyavikeg
ouvoiag, alwpoupeva LlApata

Xwovi/Mayocg

Kavon Bropalag: subpixel temperatures, kamvog

Eumoplkéc epapUoyEC: e€eUpedn OPUKTWY, YEwpYLla akpLBeiac Kal
Sdacokopia

Slide 56
— Il ez W = " Il D == B3I T 2 B2 ZE m I+



NEec epapUOYEC KL TOUELS ouvepyaoiag

*Biwotpun avartuén — Kotk AMayn: AoTikd meptBaAiov — €€umveg moAelg, Oaldooto
kat Mapaktio meptPaArroy, MNewpyla, Alaxeipion Kwvduvou, Evepyela, Yoatikol Mopot, Adon
kal Owoovotnpata, KAwatiky AvBekTikotnTa - [pocappoyn

*Acdalela (Security): Mapatnpeital aélonoinon EO texvoAoylag-umoSouwv-UTNPECLWY O
OXEON HE LETAVOOTEUTIKEC POEC, EAEYXO CUVOPWYV, TapakoAouBnon Balacowv K.T.A. Kot
SLATILOTWVOVTOL LOXUPEC CUVEPYELEC Yla TIOATIKEC (uyela, evépyela, K.A.) KOl OLUUVTLKEC

ePapPLOYEC.

*[MoAttiotikl KAnpovouLd: eVIOTIoUOG KAt mapakoAouBnon KivdUvwy, eKTipnon TpwtoTNTAS
* AA\yopBpuoL umofiBacpou kAlpakag (thermal unmixing kat thermal sharpening)

* EO Science for Society
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