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ESA facts and figures

Over 50 years of experience
22 Member States

Eight sites/facilities in
Europe, about 2200 staff

5.2 billion Euro (~350 billion
Rubles) budget (2016)

Over 80 satellites designed,
tested and operated in flight
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Purpose of ESA -@Ssa

“To provide for and promote, for exclusively peaceful
purposes, cooperation among European states in
space research and technology

and their space applications.”

( ((((( («(&:_ Article 2 of ESA Convention
\& |

|

{
= @S¢,
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Member States

ESA has 22 Member States:
20 states of the EU (AT, BE,
CZ, DE, DK, EE, ES, FI, FR, IT,
GR, HU, IE, LU, NL, PT, PL,
RO, SE, UK) plus Norway and
Switzerland.

Seven other EU states have
Cooperation Agreements with
ESA: Bulgaria, Cyprus, Latvia,

Lithuania, Malta, Slovakia and —
Slovenia. Discussions are 11 — R —
; : : 1l
ongoing with Croatia. -
z* -

Canada takes part in some E
programmes under a long-
standing Cooperation '

Agreement. -‘ e -]
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Activities {zesa

space science human spaceflight exploration

ESA is one of the few
space agencies in the
world to combine
responsibility in nearly all _
areas of space activity. earth observation launchers navigation

* Space science is a Mandatory programme,
all Member States contribute to it according
to GNP. All other programmes are Optional,
funded ‘a la carte’ by Participating States.

operations technology telecommunications
Slide 5
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ESA’s locations \s@esa

&

Salmijaervi (Kiruna)

Moscow

ESTEC (Noordwijk)

ECSAT (Harwell)

EAC (Cologne)

ESOC (Darmstadt)
Oberpfaffenhofen

Washington

Houston Maspalomas ESA HQ (Paris)

[ |
Santa Maria

Kourou Toulouse

, New Norcia

Perth
s g
Malargue ESAC (Madrid)
Cebreros ESRIN
(Rome)

B ESA sites
B Offices B ESA Ground Station + Offices
B ESA Ground Station B ESA sites + ESA Ground Station
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ESA 2016 budget by domain

European Cooperating States
Agreement

(ECSA) 0.1%, 4.0 ME

Basic Activities

4.4%, 232.1 ME

Space Situational Awareness
0.2%, 12.9 M€

Technology support*
1.9%, 99.5 ME

Robotic Exploration & Prodex
3.7%, 192.8 M€

Navigation*

11.6%, 609.5 M€

Scientific Programme
9.7%, 507.9 ME

Associated with General Budget
4.1%, 214.8 ME

Telecom & Integrated
Applications*
6.8%, 359.3 ME

Human Spaceflight
7.0%, 365.1 ME

Budget
2016
5.25 B€

Earth Observation*
30.5%, 1603.5 ME

Launchers
20.0%, 1051.2 M€

M€: Million Euro

*includes Programmes
implemented for other
Institutional Partners
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New Societal Boundary Conditions

cloud big data open and
computing linked data
, mobile devices

global
connectivity

decreasing
biodiversity

increasing exposure
to disasters

climate change - : population growth
increasing demand for and rapid urbanisation

water, food and energy
Slide 9
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ESA Earth

1980 1990

2000

O proba-1

meteosat

meteosat
second
generation

metop yg\’
family 1
o= B sentinel-1a

senﬂnel-z sentinel-2a

T el Eﬁ
i

0202

senti nel-)b

! - ¢ Sentinel MISsions driven by user needs Earth Explorer Missions drven by scientific Data from
driven mainly by Weather forecasting and Climate to contribute to European Copernicus initiative, These satellite * needs to'advance our understanding of how the ocean, atmosphere, non-ESA
monitoring needs. These missions developed'in missions developed in ya'rmelship with the EU include C-band hydrosphere, cryosphere and Earth's interjor operate and interact Missinns
partnership with EUMETSAT include the Meteorological imaging'radar (Sentinel-1), high-resolution optical (Sentinel-2), as part of an interconnected System. These Research missions,

Operational satellite pvoqramrﬁe (MetOp), forming the " optical and infrared radi (Sentinel-3) and i exploiting Europe's excellence in technological innovation,

space segment of EUMETSAT's Polar System (EPS), composition monitoring capability (Sentinel-4 & Sentinel-5 on pave the way towards new development of future EO applications.
and the new generation of Geostationdry Meteosat 5 board Met missions MTG and EPS-SG respectively). .

satellites (MSG & MTG satellites).

Meteorological Copernicus Earth Observation
Programme Programme Envelope Proaramme
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ESA Earth

1980 1990

2000

O proba-1

meteosat

meteosat
second
generation

metop yg\’
family ~
o= B sentinel-1a

senﬂnel-z sentinel-2a
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; - ¢ Sentinel MISsions driven by user needs Earth Explorer Missions driven by scientific Data from
driven mainly by Weather forecasting and Climate to contribute to European Copernicus initiative, These satellite * needs to'advance our understanding of how the ocean, atmosphere, non-ESA
monitoring needs. These missions developed'in missions developed in ya'rmelship with the EU include C-band hydrosphere, cryosphere and Earth's interjor operate and interact Missinns
partnership with EUMETSAT include the Meteorological imaging'radar (Sentinel-1), high-resolution optical (Sentinel-2), as part of an interconnected System. These Research missions,

Operational satellite pvoqramrﬁe (MetOp), forming the " optical and infrared radi (Sentinel-3) and i exploiting Europe's excellence in technological innovation,

space segment of EUMETSAT's Polar System (EPS), composition monitoring capability (Sentinel-4 & Sentinel-5 on pave the way towards new development of future EO applications.
and the new generation of Geostationdry Meteosat » board Met missions MTG and EPS-SG respectively). .

satellites (MSG & MTG satellites).

Copernicus
Programme
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The Sentinel Family

. Sl:Radar Mission' -
¢ S2: High‘ResolUtiOh Optical-
~+ S3: Medium Resolution Ima’k_

,MlSSlon | .
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Sentinel Deployment Schedule <

2016 2020 2030

Access to Copernicus Contributing Missions data

Sentinel-1 A/B/ &
C/D £
Sentinel-1 SG A/B

Sentinel-2 A/B/C/D
Sentinel-2 SG A/B

Sentinel-3 A/B/C/D
Sentinel-3 SG A/B

Sentinel-4 A/B

Sentinel-5 Precursor ¢ G
Sentinel-5 A//C R E—

Sentinel-6 [ason-CS] A/B ——————d
Sentinel-6 [Jason-CS] Next Generation _

Slide 14
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Sentinel-1: Mission Profile

« C-band STAIN '

¢ Sum® synchronous orbit at - | —
693 km altitude ‘

7 years lifetime , :

« Consumables for 12 yeafs L / \

« Mean LST: 18:00h at = ‘ v
ascending node g Cok Rk e

« 12-day repeat cycle at el |
Equator (with 1 satellite, 6 days Wlth 2) e




Sentinel-1 observation scenario

Agriculture and forestry
priority areas

iy

enme 1 SENTINEL-1A - Agriculture / Forestry

— 0l bz 4 W= "0 - = 2

* BLUE: Acquisitions in IW mode, VV+VH
polarisation, every 12 days ascending
and descending

* BLACK: Acquisitions in IW mode, VV+VH

polarisation, every 12 days in one pass
* Repeat over parts of SE-Asia IW VV+VH
currently every 24 days, plus
complementary acquisitions in IW VV
* North Andes and Tanzania covered with
lower frequency (dedicated campaigns
for forestry monitoring)

* Agriculture focus: mainly based on

requirements from

* wet rice crop monitoring (e.g.
GEOGLAM)
* soil moisture retrieval

* Forestry focus: mainly based on
requirements from
* GFOI
* regions with high risk for illegal logging

*  Mostly cloudy tropical rainforests
Slide 16

N Eurnnoan Snaca Ano
== n % I*I curopean space Agency



Sentinel-1 observation scenario
Global tectonic and volcanic

areas
e BLUE: Acquisitions in IW mode,
- ] ) VV+VH polarisation, every 12 days
g: SENTINEL-1A - Tectonic active areas and . .
. volcanoes / subsidence and landslides ascending and descending

 BLACK: Acquisitions in IW mode, VV
polarisation, every 24 days ascending
and descending, alternating asc and
desc passes every 12 days (i.e.
repeat on the same track every 24
days)

* Stripmap mode (SM) acquisitions
over selected small volcanic islands

* Increased sampling density over
supersites outside Europe

* About one third of global landmass
covered regularly under this frame

Slide 17
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Sentinel-2: Mission Profile

. 'S2A launched 23 June 2015,, 525 Iaunched 7 March 2017

Land and Securlty Serwces ,«

.+ Data contlnwty Landsat amd
SPOT-type missions
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Sentinel-2: 13 Spectral Bands
VIS NIR SWIR
Bl B9 B10
—— P, o
60 IQ\erosols @lati @r l @9
: Snow / iceé / cloud discrimination \>
egetation
20m Red-edge
Béll
10m ntinuity with SPOT5 multispectral
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Spectral bands versus spatial resolution
LANDSAT 7
—
) =) =P pe———> _— -
SPOT-5 . . P —
R
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Sentinels in Co-Operation = @Sa

Using both S1 and S2 data (and Landsat-8). Innovative crop type map at national
scale: p|Iot prOJect for potentlal future Copernlcus service agrlcultural components

M <

‘ CZECH‘CRDP TYPE

f} MAP 2015
- ) winm npcsud
[0 winter cereals
[J spring cereals.
[ sugarbeet
[ maize
[ potatoes
[J fodder crops
] other annual crops
Doto sources!

M [ ondsor 0, Crech LPIS

4 (opencs I sz @esa

oo
- T

SN o) gisat
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Sentinel-3: The Latest in Orbit

Launch S3A 16 February | I\R/I;cdri(())vr\;aevtir Ocean and
2016 ‘ , Land Colour
Polar, Sun-synchronous at Sea and Land - Instrument
altitude of 815 km : Surface i

OLCI: 21 spectral bands Temperature \ LA
(400-1020 nm) with a _ Radiometer i,

swath width of 1270 km

Altimeter (SRAL) Ku-band
(300 m after SAR
processing) and C-band - S3A launch

Microwave Radiometer

(MWR) dual frequency at .
23.8 & 36.5 GHz Y |

SAR Radar
16 Feb 2016 Altimeter
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Sentinel-3A: Sea Level Anomaly

¢y s Contains

4 modified
Copernicus
Sentinel data
[2016],
processed by
ESA and CNES

o, R s

-0.4 -0.3 -0.2 -0.1 0.0 02 0.3 0.4 0.5

o
—
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ESA Earth

1980 1990

2000

O proba-1

meteosat

meteosat
second
generation

metop yg\’
family ~
o= B sentinel-1a

senﬂnel-z sentinel-2a

T el Eﬁ
i

0202

senti nel-)b

; - ¢ Sentinel MISSions driven by user needs Earth Explorer Missions drven by scientific Data from
driven mainly by Weather forecasting and Climate to contribute to European Copernicus initiative, These satellite * needs to'advance our understanding of how the ocean, atmosphere, non-ESA
monitoring needs. These missions developed'in missions developed in ya'rmelship with the EU include C-band hydrosphere, cryosphere and Earth's interjor operate and interact Missinns
partnership with EUMETSAT include the Meteorological imaging'radar (Sentinel-1), high-resolution optical (Sentinel-2), as part of an interconnected System. These Research missions,

Operational satellite pvoqramrﬁe (MetOp), forming the " optical and infrared radi (Sentinel-3) and i exploiting Europe's excellence in technological innovation,

space segment of EUMETSAT's Polar System (EPS), composition monitoring capability (Sentinel-4 & Sentinel-5 on pave the way towards new development of future EO applications.
and the new generation of Geostationdry Meteosat » board Met missions MTG and EPS-SG respectively). .

satellites (MSG & MTG satellites).

Earth Observation
Envelope Programme

—_— Il e == == 4 )1 — + = European Space Agency




Science - the Earth Explorers
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GOCE: Gravity and Ocean Circulation

 Launched 17 March 2009 ol
s (i
- First gradiom¥eter in space i

« Best geoi’d ever 5//,'

- End of mission declx ed 21 October
foIIowing depletib
« Re-entry 11 November 2013

Xenon fuel ‘-‘;\,

7/ 4 {
/7 74 ‘/,
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GOCE: Geoid in 2D

Metres _____zn_u_zu I

-100 -80 -80 -40 40 80 80
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SMOS - Soil Moisture and Ocean Salinity

« Launched 2 Nov 2009 (data delivery since February 2010)
 Microwave Imaging Radiometer using Aperture Synthesis (MIRAS), 2D
interferometric L-band radiometer operating at 1.4 GHz (21 cm

wavelength)

« Complete Earth coverage ¥
« Mission extension
until 2017

e SRS N
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SMOS: Mission accomplished and ongoing ‘\K

eSd

Slide 35

— 01 e o= ™ - ] W — Il = == B2 = I+ European Space Agency




CryoSat: The Ice Mission

Launched 8 April 2010

First interferometric altimeter in
space

Global sea ice thickness

measurements

Data used for ice research, but

S =

S e e =
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Cryosat and the Arctic

&

Arctic Sea Ice Thickness - o

SR " S i

L_10 2011 2012 ‘2013 2014 2015 2016
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Three satellite constellation

Launched 22 Nov 2013
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ESA Earth Observation Programmes

1980 1990

2000

O proba-1

20,
meteosat 10
family

meteosat

g cryosat QO proba-v
second S 2 N . ' .
generation ; . 2 : )3/'
> . ; swarm % '0"0
N L
: : ’ 3
;ﬂﬂrlv VAN . . 4,
amily . Y Za
e sentinel- %ﬂemus 9 & \!\“}

X ! sentinel-2a sentifiel-2a 5 o?.\
mtg-i .+ M <2
7 A i i l-1b o tinel. . 3 - P
. ) S 5 2
. y 0 ®. 2 O =
5 ! ‘9 sentinel-2b : P 4 =
. : y 5 . sentinel-3b Y
, . AN '

I 2 g Sentinel Missions driven by user needs Earth Explofer Missions driven by Scientific Data from
driven mainly by Weather forecasting and Climate to contribute to European Copernicus initiative, These satellite * needs to'advance our understanding of how the ocean, atmosphere, non-ESA
monitoring needs. These missions developed'in missions developed in _vértnelshm with the EU include C-band hydrosphere, cryosphere and Earth's interjor operate and interact Missions
partnership with EUMETSAT include the Meteorological imaging'radar (Sentinel-1), high-resolution optical (Sentinel-2), as part of an interconnected System. These Research missions,

Operational satellite programvv;e (Met0p), forming the " optical and infrared ! (Sentinel-3) and i exploiting Europe's excellence in technological innovation,
space segment of EUMETSAT's Polar System (EPS), composition monitoring capability (Sentinel-4 & Sentinel-5 on pave the way towards new. of future EO
and the new generation of Geostationary Meteosat board Met missions MTG and EPS-SG respectively). .

satellites (MSG & MTG satellites).

Meteorological
Programme

_— 0 e == = ] == — + = European Space Agency




Meteorological missions

« ESA develops prototype satellites
and, on behalf of EUMETSAT,

procures recurrent satellites

« EUMETSAT procures launchers and

LEOP services
« EUMETSAT operates the satellites

« Launch of first meteorological

mission, Meteosat-1 in 1977

« Currently Meteosat Second
Generation (MSG) missions in GEO

and MetOp missions in LEO

« MeteoSat Third Generation (MTG)
and MetOp Second Generation

under development
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Sentinel Data Access
Free and open: https://scihub.copernicus.eu/

/' {3 Open Access Hub X ‘ [ https://scihub.copernicu: X

&« C' | @& Secure | https://scihub.copernicus.eu
S e

" Wi

00l ety # ) ™ CaneficusAn FCaS
s C : -2 Copernicus-Open Accéss Hub

Welcome to the Copernicus Open Access Hub

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

Open Access Hub : access point for all Sentinel missions with access to the interactive graphical user interface.
3 API Hub : access point for API users with no graphical interface. All API users reqgularly downloading the latest data are encouraged to use this access point for a
% better performance.
z‘ Sentinel-2B Pre-operational Hub : pre-operational access point for all users to Sentinel-2B data. Login credentials are s2bguest:s2bguest .
Sentinel-3 Pre-operational Hub : pre-operational access point for all users to Sentinel-3 data. Loain credentials are s3guest:s3guest .
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https://scihub.copernicus.eu/

Sentinel Data Access

Free and open: https://scihub.copernicus.eu/
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@ EO Education and Training Home - Eart... |
é 9 & hitg 1.esa.int

|24 Most Visited Getting Started

Data Access ~ Missions ~ Earth Topics ~ PlCommunity ~ Explore more...

Youarehere Homs»EQE Tra Faik | EAsnare | K] ¥

- EO Education News

Part te in the ESA LearnEO! competition

https://earth.esa. mt/web/guest/eo -education-and-training

- EO Education and Training - EO data

- EO training activities

LearnEO!

Learn Earth Observation with ESA

- Key Resources

5

~ EO Summer Schools - TIGER Training
., Sl ALY




seom
scientific exploitation of operational missions

ESA SEOM OBJECTIVES ACTION LINES CONFERENCES NEWS TOOLBOX

ESA EO

COPERNICUS

SENTINEL

NEW OPPORTUNITIES

Invitations to Tender

PARTNERS

PROJECTS

CONTACTS

SEOM > Trainings http://seom.esa.int SeAOHM

As part of the Scientific Exploitation of Operational Missions (SEOM) programme element, the
European Space Agency (ESA) is reqularly organising a series of advanced thematic training
courses devoted to train the next generation of Earth Observation (EQ) scientists to exploit data
from ESA and operational EO Missions for Land, Ocean and Atmospheric science and applications
development,

These training courses are open to early career soentists (1.e. Ph.D. students, young
post-doctoral scientists) and users from European countries and Canada .The training courses
are hosted by Universities and Research institutions, with the venues rotating among the ESA
Member States,

The training courses include formal lectures by leading scentists from theory to advanced
concepts as well as hands-on computing exerases exposing students to saentific EO data
exploitation. Practicals will use EO data from ESA, Third Party and national missions as well as
data from the upcoming Sentinels missions.

= 7th ESA Advanced Land Training Course on Land
: Remote Sensing
4-9 September 2017, Godollo, Hungary

¢ For further information please wisit the website, Land Training Course 2017

Ocean Training Course 2017

11 - 15 September 2017, Porto, Portugal m
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Training courses at University level in Europe: &K\%esa
Earth Observation Summer Schools in ESRIN

seeom

3 EARTH OBSERVATION
SUMMER SCHOOL

Earth System Monitoring & Modelling

Eesa 1-12 August 2016 Summer
School ESRIN

70 early career scientists
have taken part.

seem

1-12 August 2016 | ESA-ESRIN | Frascati (Rome), Ttaly N\ Usually organized every 2
# years, open to students from
worldwide, free tuition

Topics :

Global Observing Systems,
Earth System Modelling, Data
Assimilation, Global Change
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ESA EO 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
} L S pk i M gy » I - -
Explore our planet from space and leam how Earth observation is used o monstor climate change, with this free online S pa ce. T h e o pt iICa I V| ew"

course

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

1st ESA MOOC on “"EO from

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

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

Slide 49
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The European Space Agency @:— esa

Atlases, apps, ebooks, ... SCHOOI™.

Geography from Space

\% esa Earth Online

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

| Edshare | EIEIES 2

Need Help? Contact here European Space Agenc'

You are here Home : EO Education and Training » EQ Education for Schools L., N
-

)

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. LOTHAR DECXEL

- EO data

Thiz Educational resource is an invaluable tool for the classroom, finally providing a very affordable exposure to
costly satellite imagery from a wide variety of sensors. Wide swath imagery providing continental and global
overview is included, together with satellite imagery of the highest spatial resolution available today, with images
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
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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 Handoook (German) - EO SOftware o YR X _ Bl e 50

The Atlas contains the following content:
= — .
| I I — EEE
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Useful Websites @k eSa

* European Space Agency (ESA):

www.esa.int

ESA Earth Observation (EO) Scientific Portal:

earth.esa.int

ESA EO Education and Training:

https://earth.esa.int/web/guest/eo-education-and-training

 Sentinel Data Hub:

https://scihub.copernicus.eu

Slide 51
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