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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:

WWW, broadband data networks,
GIS, desktop processing

Second EO Revolution:

cloud computing, crowd sourcing,

big data, new generation mapping tools
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2 BIG DATA FROM SPACE

5-7 June 2013 | ESA-ESRIN | Frascati (Rome), Ttaly
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meteosat
° family

meteosat
second
generation

- metop

Meteorological Missions
driven mainly by Weather forecasting and Climate
monitoring needs. These missions developediin
. partnership with EUMETSAT include the Meteorological
Operational satellite programn:e (Met0p), forming the
space segment of EUMETSAT's Polar System (EPS),

. and the new generation of Geostationary Meteosat’
. satelltes (MSG & MTG satelies).

. a2 ~
-Sentinel Missions diven by user needs

-

to contribute to European Copernicus initiative. These satellite
missions developed in pa'nnevship with the EU. include C-band
imaging radar (Sentinel-1), high-resolution optical (Sentinel-2),
* optical and infrared radiome_ur (Sentinel-3) and atmospheric ~ *
i composition monitoring capability (Sentinel-4 & Sentinel-5 on
board Met missions MTG and EPS-SG respectively).

2010

Earth Explorer Missions riven by scientific
needs to‘advance our.understanding of how the ocean, atmosphele..
hydrosphere, cryosphere and Earth's interjor operate and interact

as part of an inle‘r(onnected Sys!eni. These Research missions,

exploiting Europe’s
pave the way towards new

of future EO-appli

 Data from

non-ESA
Missions

EOP

Operated
Missions

0202
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space segment of EUMETSAT's Polar System (EPS), 7 composition monitoring cap*iﬁty (Sentinel-4 & Sentinel-5 on  * pave the way towards new of ﬁnuse EOappli
and the new generation of Geostationary Meteosat' |, board Met missions MTG and EPS-SG respectively). 5 . .
satellites (MSG & MTG satellites). 2 o L o

- Meteoroldgical. ‘ ' Cbpernicus‘ : Earth Observation e
Programme Programme -~ - Envelope Programme . i

@ . - . . 4 .
. e . .

0202



ERS and Envisat missions 1991-2012
More than 2 Petabytes of data

Two decades of global change records

Need for preservation, availability and

exploitation




Earth Observation Envelope Programme g&;esa

Earth Observation Envelope

Programme (EOEP):
« backbone of ESA’s EO activities
« support to new sensors and missions

« stable planning environment

Components:

« Earth Explorers
Technical Developments for Explorers
and operational missions (incl.
Sentinels and Meteorology)
Exploitation

Operation of Explorers

9

European Space Agency
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Sent-1A/B Sent-2A/B Sent-3A/B Sent-4A/B Sent-5/5P Sent- 6A/B
|

I..m Fy d 9{. > i

= Copernicus is a European space flagship programme led by
the European Union

.ESACO ‘_l.‘ N E YA CE NMHoNen

Copernicus provides the necessary data for operational
monitoring of the environment and for civil security

e \_ OQEMICUS




Copernicus dedicated missions

Ny, Sentinel-1 (A/B) - SAR imaging
. 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

@ernicus

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




EU MFF foresees 3.783 billion Euro for Copernicus
operations and recurrent satellites

lerm Scenario

a Al i onmBPata Policy in force

D‘elégatio Decis
'EU-ESA Agreement to
Sentinel-1 A.I'aUnc'hed .
on 3 April 2014




« Third development step under way (GSC-3)

. Sentlnels up to D unlts (Flrst Generatlon) cova"gd

« Development of Second Gener#tlon

/s
Sentinels to startsn 2016 __1,/
. !‘ | =) o /
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First Images of Sentinel-1A g&;esa

Zambezi River Flooding
and Victoria Falls,
Namibia

13 April 2014

*‘.*)( ; European Space Agency




First Images of Sentinel-1A {:esa

Brussels and Antwerp,
Belgium

12 April 2014

European Space Agency







Sentinel-1 Quantum Leap

Sentinel-1
» 10 m ground range resolution i
(stripmap mode) Envisat
> 250 km swath width (Interferometric > 20 m ground range resolution
wide swath mode) » 100 km swath width (Imaging

mode)
» 6 days repeat cycle (with 2 satellites)

» 2x 260 Mb/s downlink data rate

> 35 days repeat cycle
> Up to 100 Mb/s space to ground

> 7 years design lifetime (consumables data rate
for 12 years) > 5 years design lifetime
» Optical link to downlink the data to
. EDRS. s

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

European Space Agency









« Medium resolution imaging (Colour, Temperature) and radar altimetry
 Land and ocean applications




MetOp SG

3 (Sentlnel 4)
stQp SG (Sentlnel 5).

MTG



Sentinel Deployment Schedule

2011 2014 2020 2030

Access to Copernicus Contributing Missions data

R R e
C/D ;
Sentinel-1 SG A/B S —

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
Sentinel-5 A/B/C

Sentinel-6 [Jason-CS] A/B
Sentinel-6 [Jason-CS] Next Generation

European Space Agency



Land subsidence in millimetres per year
el

-

+5

Oil spills

Floods

Land subsidence

Lt

Deforestation

Sea ice extent

Ice speed

Atmosphere Ocean colour
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Copernicus Services Component... &" ceSa

( OPQErNICUS

...anhd how Sentinels contribute

Services
Component

European Space Agency



Copernicus Ground Segment

EO Sentinels
Data Users

Necessity for
Science access
to Sentinel data!

GMES
Collaborative
Ground
Segment

>
Hth

EO Data Users

GSC Coordinated
Data Access System

EO Data Users

: g§ - GMES Services European Space Agency
Users



Copernicus Data Access

Access

CSC GS
Data Access

Operated by MSs
\
| : \
Copernicus Int’l National
Services Access Access
| )
Scientific/ Other users MSs CollGS Users
e.g. public, scientific,
e.g. scientific, commercial commercial S
outreach, general public International @& ) ESA funded

users R&D projects
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Providing the best-ever
survey of the geomagnetic
field and its variation in
time

Gaining new insights into the

Earth’s interior and climate

Launch 22 November 2013
IOCR finished 19 March 2014



» Three-satellite-constellation,

launched November 2013

« Measures the geomagn




Three-satellite-constellation,
launched November 2013

Dedicated to the geomagnetic field



« Providing the best-ever
survey of the geomagneti

field and its varia

Galnlng ew. /



Providing the best-ever
survey of the geomagnetic

field and its variation in time

Gaining new insights into the

Earth’s interior and climate

Launch 22 November 2013
IOCR finished 19 March 2014

European Space Agency



Providing the best-ever
survey of the geomagnetic
field and its variation in
time

Gaining new insights into the

Earth’s interior and climate

Launch 22 November 2013
IOCR finished 19 March 2014

European Space Agency
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weakening of Earth’s )‘Earth s dynamo”
| protective shield - in thz{outer core
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mapping magnetic
fingerprints in Earth’s-|-
crust/ Composition of
the mantle
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. | charged particles near Earth

and the connectionto

“weather” in space

1 sensing the weak

| ocean currents

signature of the
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Magnetic and electric field products
Ion 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




« SMOS p'rovides*soil
moisture conditiens

- May 2013: saturated soils*
in Central Europe

* Immediate run- off aw%g

subsequent floqdlng through

additional rama
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SMOS Measurements

BARECELONA EXPERT CENTRE
= ] Sea Surface Salinity and Soil Moisture
sic AU November 2011

0.40

0.35

37.0

0.30

0.25

35.0 ¢ 0.20

0.15

0.10

0.05

abeuane AJYIJUOW ,G°0 X oG°0 - [cw/ew] aunysiol |108

32.0 0.00

Sea Surface Salinity [psu] - 1° x 1° Optimal Interpolation

Equirectangular projaection centered on 0,.00°


http://graphics/dis/CALLID_068/Al-Fashir-south_L2739.jpg

First interferometric altimeter in space
Global sea ice thickness measurements
Data used for ice research, but

increasingly also for oceanography

Mission extension until 2017 likely

Propellant until 2020




Arctic Sea Ice Volume
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CryoSat Measurements

Ice Thickness {m)

=
=
c
(5]
o
<<
@
-
m
(=
v
[ =
m
a
(=9
o
e
3
[N E)

1.00 200G 3.00 4.00 2.G0 B.00

G0



Sea Surface Topography from CryoSat
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European Space Agency
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GOCE: Subducted slabs
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European Space Agency

© Nature Geoscience



GOCE: Remnants of Tethys Ocean

~1500-300-225-150 =75 O 75 150 225 300 1500
milliEOtvOs

© Nature Geoscience
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Gravitational force inversely proportional to
the square of distance

Lower orbits feature better signal to noise ratio
Improved accuracy/spatial resolution

Last operational orbit of GOCE was at

225 km equatorial altitude

Non-negligible atmospheric drag

Sir Isaac Newton



Topography

Altimetry

Positioning

‘Unified Height
Systems

C J _
C

Circultion Exploration




Air Density Perturbation Measured by GOCE 1 300 km

+20% -7 T T T T T T T T

e ————{ B s, GOCE satellite
T (altitude 270 km)

20% 1 1 L 1 1 1 1 1 ]

26 27 28 29 30 31 32 33 34

Minutes after earthquake
Speed: 1100 m/s

« Large earthquakes cause

0@3" seismic waves and make  Thermosphere —




GOCE Re-Entry 11 November 2013

« As seen from the Falkland Islands...

latitude [deg]

.

“ %) 80 km
<) Nov.11 00:16 UTC

longitude [deg]
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~Global observations of wind profiles for
" analysis of global 3D wind field =
‘Understanding of atmosphere dynamics
“and climate processes SR

~ Improved weather forecasts and climate

 modéls e |

....

e e L




climate models

- Global observations of wind profiles for
~analysis of global 3D wind field

Understanding of atmosphere dynamics
and climate processes

Improved weather forecasts and

Launch planned for 2016

==
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 Global observations of clouds,

aerosols and radiation
« Collaboration with JAXA

e Scientific instruments:
« First UV Lidar

« First Doppler Cloud Profiling
Radar (JAXA contribution)

* Multispectral Imager

« Broadband Radiometer

« Launch planned for 2017



» Global observations of clouds,

‘aerosols and radiation . - | | | /_\\

- Collaboration with JAXA
. Scientific instruments:
L Y e
« First Doppler'CIoud Profiling _

. Multi.spectral Imagg
- Broadband/

- Launch plg



« BIOMASS will be the 7th 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 8th Earth

Explorer: Flex and CarbonSat
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« Minisatellite tracking global vegetation growth
« Observation on an “always on” basis
« Launched in May 2013 on 2" VEGA flight as

' part of the VERTA programme




ESA develops prototype satellites
and, on behalf of EUMETSAT,

procures recurrent satellites

EUMETSAT procures launchers and

LEOP services
EUMETSAT operates the satellites

Currently Meteosat Second
Generation (MSG) missions in GEO
and MetOp missions in LEO

MeteoSat Third Generation (MTG)
and MetOp Second Generation

under development




for

3 -Procurement Propoe -
~ MetOp- G Phase BZ/C/ﬂ/E

approved , PC in - ’
March %5:13 " i

e Pre- selectlon of mstrumaﬁ;c
‘contractors F

. Stért B2/C/D/E expected
April 2014

. Launch of Satellite Al
'planned for 2021; Satellite

Bl for 2022
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The ESA Climate Change Initiative (CCI) {cesa

-~ -y
[s - b
_— '
¥l
— T % atd
Multi-missions MSL Slope = 2.86 mm/yr P 3
TopexfPoseidon :
.
Jason-1
s
! f X4
Jason-2 ) .‘
E ) [ f g \ : ' .
L Envisat A . ‘ :
] 4 ¢
.
® ’ -
| .
o ’ : !
@ i
[
(4]
1]
=
:
'
[ \ ) ¢ :
. oL
© CMES,ESALEGOS,CLS f : t -
f992 1994 1996 1998 2000 2002 2004 2006
'

© Getty Images



The ESA Climate Change Initiative (ccI) {cesa

Multi-missions MSL Slope = 2.86 mmfyr

Topex/Poseidon

Jason-1
Jason-2

Envisat

Mean Sea Level (cm)

2002
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Cloud Properties

Carbon Dioxide, Methane &
other GHGs

Ozone

Aerosol properties

Sea Surface Temperature
Sea Level; Sea Ice
Ocean Colour

Glaciers and ice caps
Land cover

Fire disturbance

Soil moisture




EOEP Impact on IPCC WG I AR5 cesa

_ 'DCC “Satellites have improved the capabilities of

observations for climate science, in terms of
volume and quality”

- .

—_—
~

Chapter 2: Observations: Atmosphere and Surface
 ATSR series

Chapter 4: Observations: Cryosphere
« Altimetry/SAR (ERS-1/2; Envisat); Cryosat-2; IMBIE

Chapter 13: Sea Level Change
« Altimetry (ERS-1/2; Envisat)
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Thank you for your attention

European Space Agency
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