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EO: Tool to tackle global challenges
Reliable assessment of human activity
Coverage over space and time
Long observation intervals

Large scale observations

First EO Revolution:
« WWVW, broadband data networks,
GIS, desktop processing

Second EO Revolution:

e cloud computing, crowd sourcing,

big data, new generation mapping tools
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Meteorological Missions Sentinel MISsions drven by user needs Earth Explorer Missions arven by scientinc Data from
driven mainly by Weather forecasting and Climate 1o contribute to European Copernicus initiative. These satellite * needs to'advance our understanding of how the acean, atmosphere, non-ESA
monitoring needs. These missions dgueloped in missiens developed in pa'nnelshlp with the EU include C-band hydrosphere, cryosphere and Earth's interior 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 prugrarnn;e [Met0p), forming the “optical and infrared radi t (Sentinel-3) and héric * ploiting Europe's excellence in tachnological innovation,

space segment of EUMETSAT's Polar System [EPS), I('nmposilion monitering. (apgiljty [Sentinel-4 & Sentinel-5 on pave the way towards new development of fuw[a EO-applications.
and the new generation of Geostationdry Meteosat: board Met missions MTG and EFS-5G respectively]. L =

satellites [MSG & MTG satellites)

Meteorological .~ Copernicus : ‘ Earth Observation
Programme Programme - Envelope Programme




Copernicus: A New Generation of Data Sources

Sent-1A/B Sent-2A/B ‘ Sent-3A/B Sent-4A/B Sent-5/5P Sent-6A/B
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= 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 civil security

(_opernicus




EU MFF foresees 3. 783 billion Euro for Copernlcus
operatlons and recurrent satellltes

Jerm Scenario

'EU-ESA Agreement to

Sentinel-1 A Iaunch
on 3 April 2014




Third development step under way (GSC-3)
Phase 2 decided in June 2014 \&

Sentinels up to D-units (First G;neratian) 'Fove[;,edn
by current MFF | | '“

Development of Second Generatlon
Sgntlnels to start in 2016/ 3
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Copernicus dedicated missions

Wy, . Sentinel-1 (A/B) — SAR imaging
~i All weather, day/night applications, interferometry

Sentinel-2 (A/B) — Multi-spectral imaging
Land applications: urban, forest, agriculture,...
Continuity of Landsat, SPOT

Sentinel-3 (A/B) — Ocean and global land monitoring
Wide-swath ocean color, vegetation, sea/land
surface temperature, altimetry

Sentinel-4 (A/B) — Geostationary atmospheric
Atmospheric composition monitoring, trans-
boundary pollution

Sentinel-5 precursor/ Sentinel-5 (A/B) — Low-orbit

atmospheric
Atmospheric composition monitoring

Gpernicus

European Space Agency

Sentinel-6 [Jason-CS] (A/B) — Low inclination Altimetry
Sea-level, wave height and marine wind speed




Sentinel-1: Mission Profile

Sun-synchronous orbit at
693 km altitude

Inclimation: 98.18°
7 years lifetime
Consumables for 12 years

Mean LST: 18:00h at
ascending node

12-day repeat cycle at
Equator (with 1 satellite)

175 orbits/cycle
96h operative autonomy




First Images of Sentinel-1A
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First Images of Sentinel-1A &\;esa

Zambezi River Flooding
and Victoria Falls,
Namibia

13 April 2014

European Space Agency



First Images of Sentinel-1A

Brussels and Antwerp,
Belgium

12 April 2014

European Space Agency



First Images of Sentinel-1A
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Sentinel-1 Quantum Leap

Sentinel-1

» 10 m ground range resolution
(stripmap mode)

» 250 km swath width (Interferometric
wide swath mode)

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

> 7 years design lifetime (consumables
for 12 years)

» Optical link to downlink the data to
EDRS.

Envisat

» 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

4/'

Sentinel-1: Twice the sensitivity and thrice the
accuracy in Radar imaging quality

European Space Agency



Envisat vs. Sentinel-1

European Space Agency




2011 2014 2020 2030

Sentinel-1 A/B/

C/D ;
Sentinel-1 SG A/B

sentinel-2 A/B/C/D G I— . ——
Sentinel-2 SG A/B m

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

Sentinel-4 A/B

Sentinel-5 Precursor
Sentinel-5 A/B/C

Sentinel-6 [Jason-CS] A/B

Sentinel-6 [Jason-CS] Next Generation

European Space Agency



Deforestation

Sea ice extent Ice speed Atmosphere Ocean colour




Copernicus Services Component...

...and how Sentinels contribute

Gpernicus

Services
Component

European Space Agency
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Swarm

Three satellite constellation

Providing the best-ever survey of the




understanding the understanding the | | mapping magnetic
weakening of Earth’s /‘Earth’s dynamo” fingerprints in Earth’s-|
protective shield - In the outer core crust/ Composition of
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studying the' eff}q\t.,oﬂf)édlar ~ | sensing the weak
charged parti,_(;l_es_'ljféar Earth signature of the
and the connectionto ocean currents
“weather” in space -
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Magnetic and electric field products
lon density and ion and electron
temperature

Global models of the core and crust
Conductivity maps of the mantle

Neutral density and wind
Plasma bubble index and field
aligned currents

Precise orbits and accelerations
Eastward equatorial electric field

European Space Agency




Data delivery since February 2010

Complete Earth coverage within three days

Radio Frequency Interference
(RFI) mitigation continues
Outstanding international
cooperation

Mission extension




« SMOS provides soil
moisture conditions

« May 2013: saturated SOI|S*
in Central Europe

« Immediate run-off and

subsequent floo_d_in.g'_t___t)rough

additional rain

31 MAY 2013
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SMOS Measurements

Sea Surface Salinity and Soil Moisture
November 2011
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First interferometric altimeter in space
Global sea ice thickness measurements

Data used for ice research, but

increasingly also for oceanography

Mission extension until 2017
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GOCE: Gravity and Ocean Circulation

First gradiometer In_space

Best geoid e\;eﬂr

5th version of geoid foreseen releéllised in Ju“= ‘. :
2014, including all GOCE measurements
End of mission declared 21 October 2013 7

following depletion of Kzno_n--fuel ! ‘:\\h it

Re-entry 11 Noven\&) 013




GOCE: Remnants of Tethys Ocean
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© Nature Geoscience



Moho Discontinuity

European Space Agency

© Nature Geoscience



Gravity Anomalies Topography .
| | Altimetry

Positioning
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GOCE: Seismometer Iin Space

Air Density Perturbation Measured by GOCE (300 km

+20% T T T

0
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27 1
Minutes after earthquake

Speed: 1100 m/s
Large earthquakes cause
seismic waves and make Thermosphere —
the Earth’s surface vibrate
Resulting sound waves
travel upwards

Mesosphere —
GOCE’s accelerometers 50 km

Tohoku

earthquake Speed: 350 m/s
2011

sensed atmosphere Stratosphere —

. 12 km
displacements Troposphere -




GOCE Re-Entry 11 November 2013

e As seen from the Falkland Islands...
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~ Global observations of wind profiles for
~analysis of global 3D wind field =

| Understanding of atmosphere dynamics
~and climate processes

Improved weather forecasts and climate
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Global observations of clouds,

~aerosols and radiation
Collaboration with JAXA

Scientific instruments:

. First UV Lidar

First Doppler Cloud Profiling
Radar (JAXA contributio

[

Multispectral Im "‘W
|




« BIOMASS will be the 7t Earth Explorer
 Selected by ESA’s Earth

Observation Programme Board
Biomass estimates based on global
interferometric and polarimetric
P-Band Radar observations
Essential to understand the
Earth’s carbon cycle
Offers for phase B received
To be launched in 2020

« Candidate missions for 8t Earth

Explorer: Flex and CarbonSat
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The ESA Climate Change Initiative (CCI) &gesa

Multi-missions MSL Slope = 2.86 mm/yr
Topex/Poseidon

Jason-1

Jason-2

Envisat

ERS2
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Thank you for your attention

European Space Agency




