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20 MEMBER STATES AND GROWING s es

.

ESA has 20 Member States: 18 states

of the EU (AT, BE, CZ, DE, DK, ES, FI, 2 v
FR, IT, GR, IE, LU, NL, PO, PT, RO, E.L“- %‘%?@ ;ié"
SE, UK) plus Norway and h L {3“
Switzerland. S L SR

Eight other EU states have Cooperation
Agreements with ESA: Estonia, Slovenia,
Ec-)land, Hungary, Cyprus, Latvia,
Lithuania and the Slovak Republic.
Bulgaria and Malta are negotiating
Cooperation Agreements.

Canada takes part in some programmes
under a Cooperation Agreement.
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M€: Million Euro

Launchers *includes Third Party Activities
14.4%, 578.0 M€ Human Spaceflight*

V)
10 3% 3133 ME Telecom & Integrated

Applications®
8.2%, 330.0 ME

Earth Observation*
21.4%, 861.4 ME

—_ Navigation*
17.9%, 720.7 ME

Robotic Exploration &
Prodex

3.1%, 123.0 M€

Technology support*
2.0%, 81.0 ME

Associated with General
Budget

4.8%, 190.3 ME Space Situational Awareness

0,
Scientific Programme e Activic European Coopersting 0.4%, 15.4 M€
11.9%, 479.7 M€ asicActivilios States Agreement

5.5%), 221.5 M€
(ECSA) 0.1%, 5.8 M€

ESA Earth Observation Programme | 14 March 2013| p. 5



2 THE ESA EARTH OBSERVATION PROGRAMME

1980 1990
2000
ers-2
meteosat i
family L "

second
generation

Meteorological Missions driven GMES Sentinel Missions driven by Users Earth Explorer Missions driven by Scientific needs
mainly by Weather forecasting and Climate needs to contribute to the European Global Monitoring to advance our understanding of how the ocean, atmosphere,
monitoring needs. These missions developed in of Environment & Security (GMES) initiative. These satellite nissio hydrosphere, cryosphere and Earth's interior operate and interact
partnership with EUMETSAT indude the M logical issions developed in par hip with the EC include C-band as part of an interconnected system. These Research missions,
Operational satellite pr [(Met0Op), forming imaging radar (Sentinel-1), high-resolution optical (Sentinel-2), exploiting Europe’s excellence in technological innovation,

the space segment of EUMETSAT's Polar System optical and infrared radiometer (Sentinel-3) and atmospheric pave the way towards new development of future EO applications.
(EPS), and the new generation of Geostationary composition monitoring capability (Sentinel-4 & Sentinel-5

Meteosat satellites (MSG & MTG satellites). on board Met missions MTG and EPS-SG respectively).



Earth Observation: headlines dcesa

: — Glacier-melting debate
NEWS ST ONE- MINUTE WORLD RETC I'|u_:|h||!_:|ht5 importance of
satellites
FEATURES & SPECIAL REPORTS

1 Febr

The int Satellites help conserve Egypt's
wildlife

5.19.2010 12:22 pm
BP Gulf Oil Spill Visible from Space (Pictures)

Telegraph.couk

Envisat keeping an eye on the Shocking new satellite images of Haiti show
Evjafjallajoekull velcano scale of earthquake devastation

21 April 2010 q
7 March 2011 Last updated at 14:51 GMT

Christchurch quake mapped from spac:

By Jonathan Amos

Science correspondent, BBC SatEIIIte Photos Show
Deat:gtlon From Japa Quak

Cryosat -2 focuses on ice target

Cryosat has to be able to distinguish the floes from the leads The Cryosat-2 r
its promise to make high-precision radar measurements of polar ice. The first
spacecraft has been presented at... FULL ARTICLE AT 88C nEWS B

L
. - vy e oo e B TToanh
September 21, 2008 | 1 comm http ,l',fwww sclentlflcamerlcan cnm,l'artu:le cfm?id=ozone-layer-depletion- |E\

Ozone 1ayer depletmn levelling off

Bv merging more than a decade of atmospheric data from European satellites, scientists have
compiled a homogeneous long-term ozone record that allows them to monitor total ozone
trends on a global scale - and the findings look promising.

Science News

Value Of Satellites Recognized For Conserving !

ScienceDaily (Nov. 25, 2008) — Wetlands
contribute to our lives in remarkable ways by
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New orbital parameters
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Weather satellites: first
operational field of Earth

Observation (Meteosat-1 was
ESA’s first EO satellite)

Meteosat series since
1978, now MSG, soon
MTG

Polar weather
observations with MetOp
satellites

Successful cooperation
with EUMETSAT


http://www.bis.gov.uk/assets/ukspaceagency/images/missions/meteosatmsg-ai-esa.jpg

Simultaneous SAR and Optical acquisitions
on ENVISAT (ASAR & MERIS) have been
providing unique synerqgy

European Space Agency



09-September-2008 15:29:38 (UTC)
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ENVISAT mission:
10 years

Y

L’Aquila 200

Ozone hole 2005

First images

Global air
pollution

Serving
4000 scientific projects
and
many operational users

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
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Major scientific results of

ENVISAT and ERS

Atmosphere: Worldwide monitoring of air
pollution, evidence of fast growing air pollution
in China since 1995

Climate change: Global sea level rise of
~3mm/year and sea surface temperature
increase of ~0.1 deg. C since 1992

Polar areas: Daily monitoring of sea ice
motion and observation of Antarctica ice-shelves
collapse

Oceanography: Quantification of global
chlorophyll concentration, an index of the
oceanic phytoplankton biomass

Tectonics: Identification of the blind tectonic
fault at the origin of the Bam earthquake in
December 2003
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= Air quality measurements from
space highlight the direct, often

dramatic influence of human
activities on the environment

SCIAMACHY NO,
concentration, 2008 mean
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Recent scientific headlines of Earth Observation: 1
Ozone

s LS :" ¢ y
Ozone layer depletion levelling off

Ed THADAM analysis
~ 1B—D9—02 OOute

Slightly positive trend of global
ozone increase of almost 1%
per decade in the total ozone

from the last 14 years
(result confirmed by comparisons with

ground-based measurements)
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Ozone hole

SAGE I+11

nir limb occultation

Envisat/Sciamachy
uv/vis limb scattering

1981 1983 1985 1987 1989 1991 1995 1999 2001 2003 2005 2007

i -7.2 £ 0.9 %/decade +1.4 + 2.3%/decade 2008
R i ]
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Recent scientific headlines of Earth Observation: \\\w
Global Sea Level Rise \sCSa

The ENVISAT altimeter has been providing continuity to the measurements initiated in
the early 1990

TOPEX:
Linear trend = 3.13 mm/yr
Annual (4.22 mm) removed

Sea level rise

Trend: +3 mm/yr .
1 ERS-1:

] Linear trend = 3.29 mm/yr

: tAnnuaI (2.85 mm) removed
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Northwest Passage
open (orange line) and
Northeast passage
only partially blocked
(blue line). The dark
grey colour represents
the ice-free areas,
while green represents
areas with sea ice.

opean Space Agency
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The Changing Arctic *‘\&@esa

R,

Arctic Ocean Marine Routes
Arctic Marine Shipping Assessment of the
Arctic Council (2005-2008)

Arctic sea-ice extent ‘ oAl ot e

(September) has shrunk & A 2/ W el

12% per decade since WL T S = e
The Arctic increasingly. \ /" | h

becomes an arena of
geopolitical relevanc

e Satellite (1979-2007)
Mean IPCC

B Most likely develepment
IPCC range

% Change from 1979-1990 mean

100 . : o
1960 1980 2000 2020 2040 2060 2060 years

Source: Asgeir Sorteberg, Bjeknes Centre for Climate Research
and University Center at Svalbard
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BOLTCl  heute liegen wiirden, wenn

4'™h IPCC Report 2007 i o - poorcstze N
(5t Report expected in 2014) o [

Prog
+18 CIRED, Modell
+15 Météo-France

+12 1
+9

. +6 3
Model: Global temperature increase o | R 5 etersbuy
between + 2.4 and 6.4 degrees until 2100 -3

mes=="m London

m Helsinki

Arctic: ice-free as of 2nd half of the century == R o
=  Permafrost: up to 90% melting until 2100, o, 3¢ _'> e =

freeing high amounts of Methane gas A ., T W

ipitati i - : b Madridfe )
= Precipitation: decrease in arid regions and A o
increase in wet areas

= Storms and surges: less in number but
significantly stronger in intensity

= Gulf Stream: significantly weakened

= Sea level rise: up to 48cm until 2100 due to
thermal expansion of water only

European Space Agency



= ESA EO programmes essential
for Climate Change monitoring

= 30 years of EO data archived

» 20 new satellites launched ‘
3y over next 10 years > 4
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= Cloud Properties

= Carbon Dioxide, Methane
& other GHGs

= Ozone

= Aerosol properties

= Sea Surface Temperature

= Sea Level

= Sealce

= QOcean Colour

= Glaciers and ice caps

= Land cover

Fire disturbance




Mean Sea Level (cm)

Sea Level CCI

RELEASE of the NEW
Sea Level ECV PRODUCT
18 years from 1993 to 2010

3 == E1-HE24EN Slope = 2.36 mm/yr

Global Mean Sea Level

T/P+Jason

.‘.lllllll‘l‘lllllllllllllllllllllllllllllllll‘ll‘ll
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

50 100 150 200 250 300 350
Years

Thanks to the SLCCI project —;0 -4 % §
MSL Trends (mm/yr)




Facilitating access to Earth Observation data

A constant ESA objective:
- ease access to Earth Observation data

O Revised ESA EO data policy:
- most of the data is open and free of charge

O Constant upgrade of ground segment for easier access to data through
Internet for Near Real Time (NRT) data and for archived data

O Development of alternative ways to provide data (e.g. processing on demand
(GPOD), data toolboxes)

Q Large effort in maintaining data quality (processing algorithms, calibration,
validation)

O Need to preserve “old” data for future use



Data Access Login

Third Pa Missions

Aqua/Terra

IMAGE2006

03-Sep-2010 UT

Specific restrictions to the
use of data may apply for
products distributed by
ESA acquired by Third
Party Missions (TPM).

More information about
such restrictions can be
found here;

http://eopi.esa.int/TPM

European Space Agency



http://eopi.esa.int/TPM
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* In space since March 2009

= Several measurement cycles
of the Earth’s gravity field

A unique mission:

» First gradiometer in space
= Very low orbit (255 km)

= Active air drag control (ion engine)
» Perfectly quiet environment



GOCE is a technology
marvel: the first gradiometer
in space at one of the lowest
satellite orbits ever

GOCE’ s geoid has been
created using more than 50
million measurements of
variations in gravitational
attraction
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- With GOCE geoid, for the first time, global currents can be extracted
directly from satellite altimetry data.

Ocean Dynamic Topography Water Surface Velocity

-50 -40 -30
Longitude [E]

50 40

Longitude |E]




In space since 2 November 2009

First global observations of two key
variables of the Earth’s water cycle

= Improve models of global water
cycle and global ocean currents

= Improved management of water
resources




The first SMOS Global Soil Moisture

Map (20-23 June 2010)

MIR_SMUDP2 — Soil_Moisture (m3m-3) — 20100620T001100 ~ 20100623T004816

Cylindrical projection — 87 product{s) — Generated on 20100624T193111
Orbits: All — Fill value: ~999.0
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SMOS: 2012 Drought in Europe d:=esa
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MIR_SMUDP2 — Soil_Moisture (m3m—-23) — 20110201T201457 - 20110228T160723
Cylindrical projection — 747 product(s) - Generated on 20120229T183420
Orbits: Ascending — Fill value: —999.0




monitoring
precise changes
in the thickness
of the polar ice
sheets and
floating sea ice,
reaching
latitudes of 88°

Launched 8 April
2010

European Space Agency



Greenland - changes in ice thickness

Total Ice Sheet Contribution to Global Sea Level

Total

10 mm =

Greenland

Antarctica - changes in ice thickness

5mm =

Antarctica

meters/year
+0.5m
0mm =

1992 2012

-0.25m

European Space Agency
-0.5m

Changes in ice thickness in Greenland and Antarctica
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Understanding t}?{é‘,




Understanding e - Mapping “magnetic
“Earth’s dynamo” e fingerprints” in
in the outer core A S Earth’s crust

Looking into \ WA S Sensing the weak
the composition W V7 5 ' signature of the
of the mantle \J ' ocean currents

European Space Agency
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GMES: a new era for Earth Observation &Q\@esa

In Europe

Global Monitoring for
Environment and Security

European independence in data sources
for environment and security monitoring
and

The European contribution to the Global
Earth Observation System of Systems
(GEOSS)




Land
monitoring

Emergency
management
response

Marine
environmental
monitoring

Climate
Change
monitoring




Emergency management: Rapid Mapping

during Flood Crisis Romania, July 2010

— Heavy rainfall causing severe flooding
in central and eastern Romania

- 3 July flood extent of Galati/Braila
district based on RADARSAT-2,
produced on 4 July

- Pre-flood water extent based
on Landsat-7

— 13 July flood extent of Tulcea based
on RADARSAT-2, produced on 14 July

—  Pre-flood water extent based :
on SPOT b Safer
Serdce and Applicatons For Emergency Response

Legend
v Center for Satellite Based Crisis Information

Hydrography ~ Emergency Mapping & Disaster Monitoring ~

I Water extent as of July 13, 2010
German Remote Sensing Data Center
B Water extent as of August 26, 2008 German Aerospace Center #

DLR

DFo



The Louisiana Oil Spill

disaster from space
(Envisat ASAR)

LOOP CURRENT

2 corrscted using ECMWF) (m/s) G2-MAY=2010 03:52:0

European Space Agency




Emergency management: Earthquake
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Earthquake
management
at Port-au-
Prince, Haiti

13 January
2010

Dati: ALOS,
SPOT-5, GeoEye

Credits:
SERTIT/SAFER

European Space Agency




Sea

Surface
Temperature
over the
Mediterranean

Credits:
Medspiration

European Space Agency




Example of atmospheric service: Sciamachy
CO, Columns

Atmospheric Carbon Dioxide
C T T T T T T
SCIAMACHY/ENVISAT MNorhem Hemsphens e
- Mauna Loa, Hawsi, USA (3297 m), NOAAESAL B o
; Mase Hesd, Inefand (25 m), MOAAESRL
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Smog over Athens city centre

Annual
variability
of carbon
dioxide
mixing ratio
in parts per
million

European Space Agency



Land subsidence in millimetres per year
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The GMES Space Component (GSC)

Sentinel 1 — SAR imaging
Al weather, day/night applications, |
2012, 2014+

Sentinel 2 — i imaging
Land applicat “est, agriculture, ..

2013, 2014+

global land monitoring
. vegetation, sea/land

2013, 2014+

tionary atmospheric
Qsition monitoring, trans-

2018+

Sentinel 5 and Precursor — Low-orbit atmospheric
LAtmospher mposition monitoring

2015, 2020




Sentinel-1A Sentinel-2A Sentinel-3A
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y being re-namec





http://images.google.at/imgres?imgurl=http://www.skyrocket.de/space/img_sat/msg-1__1.jpg&imgrefurl=http://www.skyrocket.de/space/doc_sdat/msg-1.htm&h=300&w=233&sz=17&tbnid=TWIlDyoVzVoJ:&tbnh=111&tbnw=86&start=5&prev=/images?q=Meteosat+8&hl=de&lr=&sa=G

FREE and OPEN

Anybody can access Sentinel data; no
difference is made between public,
- commercial and scientific use 2> open
. = ACCESS

- Sentinel data will be made available to
the users via a ‘generic’ online access
mode - free of charge



DUE GlobBiomass

Objective: ITT issue: Summer 2013

Provide the user communities with a better characteristic

L . S KO: Autumn 2013
of the distribution and changes, and an improved quantification
of regional and global biomass Budget: €1,500,000
User Consultation in Jena, October 2012: Duration: 3 years
User Requirements from: il . ' @ -

masar | .,
geglement

1. Science: Carbon Cycle Science Community
2. Policy: National Forest Inventory and REDD
3. Forest Industry: timber production and certification

Latitude [deg]

I " I
-180 -120 -60 60 120 180

Project Activities: o
1. Improve above ground biomass maps (stock and changes) pan Boreal AGB map Santoro et al.
« Better geometric resolution
« Improved accuracy
« Validation (discrepancy map and error statistics)
2. Platform for data sharing and validation
3. Better stratification of landscape (forest types/species)
4. Standardization of maps

L L

'
:

Pan Tropical map AGB - Saatchi et al.



ESA Earth Observation Programme -
Educational activities & tools for schools
and universities



Eduspace

ESA Education Earth from Space Environmental Issues Envisat for Schools

What is Eduspace? >

What tools does it >

offer?

What is remote >

sensing?

Remote sensing in >

depth
ry of Earth >

observation Ed uspace
Earth from Space

=
' European Space Agency

e

mvw.esa.int/edusace htt://eofedu.eo.esa.int


http://www.esa.int/eduspace
http://eo-edu.eo.esa.int/
http://eo-edu.eo.esa.int/
http://eo-edu.eo.esa.int/

)

edus??

LEOWorks 4.0
Image Processing Software (with GIS functionality)

an open-source, free and platform-independent
Image Processing optical-radar SW and extended GIS for
High Schools.




USEFUL ADDRESSES

= ESA education portal: www.esa.int/education

= to order EO material: education@esa.int or eohelp@esa.int

<= Eduspace: www.esa.int/eduspace
= ESA EO Education web page: hitp://eo-edu.eo.esa.int

European Space Agency
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