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European Citizens’ Priorities in Space

“In the eyes of Europeans, the primary area of progression for space activities

would be to foster a better understanding of what is happening on Earth,

particularly regarding the climate”

Q: In the future, do you believe that priority should be given or not to space

activities that allow us to ... ?

TOP 5 Priorities:
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ESA Budget by Domain for 2019: 5.72B€



Slide  4

Develop world-class Earth 

Observation systems

addressing scientific & 

societal challenges 

with European and global 

partners 

Our Mission in EOP
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Satellites

25 under 

development

15 in operation 

ESA-Developed Earth Observation Missions
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Science: Earth Explorers
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SMOS: Root zone Soil Moisture, May 2016

© ESA/Cesbio
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Future Earth Explorers

7 Biomass

• Biomass estimates

• First P-band SAR in space 

• Launch planned 2022

8 FLEX

• Vegetation fluorescence, 

indicator of photosynthesis

• Launch planned 2022
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Environmental Monitoring: Copernicus Sentinels



Slide  10

Sentinel 1 (A/B/C/D)
SAR Imaging

CSC: Sentinel Satellites

Sentinel 2 (A/B/C/D) 
Multispectral Imaging

Sentinel 3 (A/B/C/D) 
Ocean & Global Land Monitoring

Sentinel 4 (A/B)
Geostationary Atmospheric

Sentinel 5 (A/B/C) & Precursor 
Low-Orbit Atmospheric

Sentinel 6 
Jason CS (A/B)

All weather, day/night applications, interferometry

Land applications: urban, forest, agriculture, … 
Continuity of Landsat, SPOT

Wide-swath ocean colour, vegetation, sea/land 
surface temperature, altimetry

Atmospheric composition monitoring, pollution; 
instrument on MTG satellites

Atmospheric composition monitoring; instrument on 
MetOp-SG satellites

Altimetry reference mission
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S-1

Radar

A
3 Apr. 2014

B
25 Apr. 2016

S-2

High Res. 

Optical

A
23 Jun. 2015

B
6 Mar. 2017

S-3

Medium Res. 

Optical & 

Altimetry

A
16 Feb. 2016

B
25 Apr. 2018

S-4

Atmospheric 

Chemistry 

(GEO)

A

2022

B

2027

S-5P

Atmospheric 

Chemistry 

(LEO)

A
13 Oct. 2017

S-5

Atmospheric 

Chemistry 

(LEO)

A

2021

B

2027

S-6

Altimetry

A

2020

B

2025

Copernicus Sentinel Status
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Copernicus – continue global leadership in EO

> 225.000

250 TB satellite data 

distributed per day

6 operational services

registered users
= tip of the iceberg

full, free & open 

data policy

ClimateOcean SecurityLand Atmosphere Disaster

7 satellites flying
S1 S2 S3 S4 S5P S5 S6

●● ●● ●● ●

preparing Copernicus 4.0



Slide  13

Global & System View by Copernicus

Chlorophyll

Soil Moisture

Sea Surface TemperatureSea Level Height

Carbon Dioxide Nitrous Oxyde



SENTINEL-1
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Synthetic Aperture Radar (SAR)

The electromagnetic spectrum
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Sentinel-1 observation scenario

Main thematic domains & components 

Maritime 
surveillance

Sea state 

Sea-ice, icebergs, 
lake-ice

European coverage

Ice sheets, glaciers, 
permafrost, snow, etc

Ground deformation: 
Tectonic, volcanoes, 
landslides, subsidence… 
(InSAR applications)

Global land mapping

Security

Land cover: 
agriculture, forestry, 

hydrology, etc.

Emergency Calibration/validation 

PR actions 
(infrequent)



Slide  17

Sentinel-1
Mission Overview

Now 6-day repeat cycle at 
Equator (with 2 satellites). 
Sentinel 1-B data distributed 
since 26 Sept 2016

Laser data transmission via the 
geostationary data relay system 
EDRS was demonstrated for S-1 



Slide  18

Sentinel-1
SAR Operational Modes 

Main modes of operations: 

- IW over land and coastal waters (normally VV or VV-VH polarization)

- EW over extended sea (VV or VV-VH) and sea-ice (HH or HH-HV) areas

- WV over open oceans
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Tropical Forest Cover Loss by dense S-1 Time Series

Forest-cover loss 

map in 

Province 

Riau, 

Indonesia, 

based on 

dense S-1 

time series 

(VH 

channel):

(A) 

encroachme

nt

into natural 

forest (B) 

large-scale 

plantation 

dynamics

Reiche et all, Remote Sensing. 2018, 10, 777; 

doi:10.3390/rs10050777
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Sentinel-1 Surface Soil Moisture 
Example of 1km SSM resolution over in Southern Italy  

S-1 SSM product includes mean & std at 520m pixels size (1 km res)

0       m3/m3 0.1

std

SSM

0.05   m3/m3 0.5

mean SSM

December 04, 2017

Courtesy: Francesco Mattia, CNR - ISSIA
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Sentinel-1 Surface Soil Moisture  

Castilla y León region (Spain)

Overview of S-1 SSM map on 20/06/2017

Courtesy: Francesco Mattia, CNR 

- ISSIA

Tillage / 
vegetation
changes

0.05   m3/m3 0.5

Example of SMOSAR S-1 SSM at field scale

Zoom the S-1 SSM image overimposed to the tillage or vegetation abrupt
changes derived from VH S-1 changes (12-20/06/2017) at 40m (details
close to the Valladolid city).

Courtesy: Francesco Mattia, CNR - ISSIA



SENTINEL-2
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The electromagnetic spectrum

Visible (VIS) + Near Infrared (NIR)= Optical
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Mission profile

 Multispectral instrument with 13 spectral bands 
(VIS, NIR & SWIR)

 Sun synchronous orbit at 786 km mean 
altitude and 98.5°inclinaison

 290 km swath width

 5 days repeat cycle at Equator (cloud free) 
with 2 satellites

 7 years design life time, consumables for 12 
years

 10 m, 20 m and 60 m spatial resolution 
(depending on the band) (1)

Mission objectives :
 Generic land cover maps

 Risk mapping and disaster relief

Sentinel-2 Superspectral imaging mission



Slide  25

Sentinel-2
Imaging System : Multi Spectral Instrument (MSI) 

Band name
Resolution

(m)

Central 
wavelength

(nm)

Band width
(nm)

Purpose

B01 60 443 20 Aerosol detection

B02 10 490 65 Blue

B03 10 560 35 Green

B04 10 665 30 Red

B05 20 705 15 Vegetation classification

B06 20 740 15 Vegetation classification

B07 20 783 20 Vegetation classification

B08 10 842 115 Near infrared

B08A 20 865 20 Vegetation classification

B09 60 945 20 Water vapour

B10 60 1375 30 Cirrus

B11 20 1610 90 Snow / ice / cloud discrimination

B12 20 2190 180 Snow / ice / cloud discrimination
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Band 
11

B11

S-2:  Large range of applications...

Regional to Urban Applications

Geology

Emergency management

Global Land 
use

& change

Coastal zones/bathymetry

Glaciers & Ice

Land cover classification, high 
resolution layers & change.

Agriculture, Forests & Carbon, 
Vegetation monitoring

Water quality
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Sentinel-2: Agriculture 

Sentinel-2 is the first optical mission to include 3 bands in the 
‘red edge’, providing information on the state of vegetation. 

Sentinel-2 for agriculture : 
esa-sen2agri.org



SENTINEL-3
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The electromagnetic spectrum

Visible (VIS) + Near Infrared (NIR)= Optical

Thermal Infrared (TIR)

Synthetic Aperture Radar (SAR)
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Sentinel-3:Optical Payload 
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Sentinel-3 applications  ever increasing

Mesoscale ocean 
circulation, currents, 

tides

Agriculture, vegetation monitoring

Inland water quality

Fire monitoring

Water resource 
management

Climate monitoring, numerical
modelling and mesoscale analysis

Ship routing: 

maritime safety

Fisheries: Harmful 
algal bloom/marine 

biology/global ocean 
primary production

Climate research 

Weather
forecasting
& NWP

Snow  and Ice
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Copernicus’ Applications 

(focus on Land)
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Land Cover Typology

180.000 Sentinel-2A images 

Dec. 2015 – Dec. 2016

© ESA 2016
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Agricultural Land Use

Distinguishing 15 crop types 

Germany

Mixed Sentinel-2 and Landsat-8 Data

© Humboldt University 

Berlin

P. Griffiths 
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6 years of soil moisture over Africa

Soil Moisture for Drought Monitoring

Anticipated crop failure
can be used to predict &
prevent famine
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SMOS: Major droughts in 2015

moderate mild extreme

Australia
June 2015

Brazil
May 2015

CA, USA
Sept. 2015

India
Oct. 
2015

SouthAfrica
April 2015

(m3/m3)0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Root zone soil moisture Drought index
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Sentinel-3 vegetation status and land surface 
temperature 

OLCI Terrestrial Chlorophyll Index 
global mean, 20-23 September 2016

Land Surface Temperature
monthly composite for September 2016

Credit: S3 MPC
Credit: D. Ghent, University of Leicester
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Contains modified Sentinel-3A data (2016) 

© UK National Centre for Earth Observation/University of Leicester

Earth Surface Heat
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Emergency Management during Wildfires

< Moguer, Spain

29 June 2017

Copernicus Emergency 

Management Service Rapid 

Mapping
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Wildfires in Russia

Sentinel-2
Amur Oblast

9 May 2018
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Forest Fires in Urban Areas

Mount Vesuvius

Naples, Italy

Sentinel-2B

12 July 2017
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Wildfires – Prevention

< Fire Danger 

Forecast (based 

upon the Drought 

Code)

14 March 2018

Copernicus 

Emergency 

Management Service



Slide  43

Climate Change Initiative
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Climate Change Initiative

Context

UNFCCC 

Stabilize greenhouse gasses

Objectives

ECV Databases

Exploiting EO archives
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Causes – Greenhouse Gasses

© ESA CCI / 

Planetary Visions

21 Feb. 2018

+9% ppm 
in just 15 years time

Atmospheric 

Carbon Dioxide
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Effects - Rising Temperatures

Running twelve-month averages of global-mean surface air temperature anomalies relative to 

1981-2010

© Copernicus Climate Change Service

May 2017
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Consequences - Land Ice Melting

Antarctic Ice Sheet Monitoring

Based on Cryosat data over three years (2010 – 2013)

© CPOM/Leeds/ESA
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Sea level rise is 

accelerating. Sea 

levels could rise 1.3 

meters in the next 

80 years.

Proceedings of the National 

Academy of Sciences

February 2018 

Impacts - Rising Sea Levels



• 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

CCI: Essential Climate Variables 
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Opportunities for EO 
training 



https://eo4society.esa.int/training-education/ation-and-
training

Central page for EO education and training:

new page, with all ESA EO present 
and future training opportunities!
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https://rus-copernicus.eu/portal/the-rus-
offer/training/

https://rus-copernicus.eu/portal/the-rus-offer/training/
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MOOC – First Radar Remote Sensing 
Course

http://eo-college.org – presently a re-run (1 year duration)

570012

Tutorials Students

Final 

Certificate

15%

Completion rate

http://eo-college.org/


Thank you for your attention!

www.esa.int


