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Taking the Pulse of our Planet 

ESA Vision for EO 
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Devising Earth Observation Missions 
Overall Target Feature: User Driven 

Member States EU EUMETSAT Industry 

Defined by science 
partners in Member 
States (Open Calls) 

•  Objectives come from partners & industry 
•  Mission Definition by ESA with industry, partners & users involved 
•  InCubed is a new PPP initiative for EO innovation 

Earth Explorers Copernicus Meteorology InCubed 
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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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Earth Explorers as EO S&T Flagships 

Flying Missions 

Future Missions 

GOCE SMOS Cryosat Swarm Aeolus 
2009-2013 2009 2010 2013 2018 

EarthCare Biomass FLEX EE-9 EE-10 
2021 2022 2022 2025 2027 

H2O NaCl 

Science & 
Innovation 

4.700+ 
Reg. Users 

300+ Publ.  
per Year 

High Risks for  
Great Rewards 

2 
Cand. 

3 
Cand. 
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SMOS: Soil Moisture 

The Netherlands  
 

June 2017 
 

© VanderSat 
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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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New methods to derive and improve traditional satellite 
rainfall products using soil moisture have been developed. 
 
This allow the correction of rainfall estimates from 
satellites by exploiting the information provided by 
sensors such as SMOS, SMAP or ASCAT on the surface soil 
moisture after a rainfall event.  
 
Results obtained with three different methodologies 
demonstrate the validity of the approaches and open the 
door to new more accurate bottom-up/top-down 
approaches to estimate rainfall globally. 
 
 The animation shows a “soil-moisture only” derived 
rainfall (using the SEN2RAIN method with ASCAT data) 
compared with GPCC rainfall data. 
 
Merging both enhance the final results from R=0.77 with 
GPM (over Italy) to R=0.84 using a merged approach. 
 
Source: IRPI, LTHE, USGS.   

Estimating Rainfall from Soil Moisture 

A	

B	

C	

Median	R=0.84	
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SMOS Developments towards HR 

SMOS and S1 HR Soil Moisture 
500m. Source: CESBIO 

Consistent SMOS and SMAP TBs, algorithm, and 
ancillary data lead to a new consistent SMOS/SMAP 
soil moisture product. Source: CESBIO/NASA; 
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Glacier Decline 
Cryosat Data 2011 - 2017 
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CryoSat Swath processing: Sub-glacial lakes 

Formation of surface 
depressions above 
sub-glacial lakes: 4 
surface depressions 
forming during lake 
drainage 
Lakes cover an area of 
700 km2 

Total volume of 
surface depressions: 
5.6 km3 

Thwaties glacier 
Amundsen Sea sector (Antarctica) 

Drainage event in 2013 
The centres of the features are 

approximately 70, 124, 142, and 170 km 
upstream of the grounding line 

Peak discharge of 240 m3 per 
second 
 
Much of the drainage happened 
in less than 6 months, with an 
apparent connection between 
three lakes spanning more than 
130 km.  
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River Level from CryoSat 

Bercher et al., 2015 

Madeira River 
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Antarctica Ice Melting Impact 

Ice Loss (billion tonnes per year) 

1990s 2010s 

West-Antarctic 53±29 159±26 

Antarctic Peninsula  7±13 33±16 

© Nature  
June 2018 
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EarthCARE Contribution to the Water Cycle 

Mission Objective:  
Impact of Clouds and Aerosols on Radiation 

 
Observations:  

Cloud profiles, cloud coverage, precipitation,  
aerosol profiles, broad-band solar & thermal radiation 
 

Satellite: 
• Sun-sync. orbit at 393 km, 14:00 hours desc.node 
• UV Lidar with high spectral resolution receiver 

• W-band Cloud Radar with Doppler (contribution JAXA) 
• Imager and Broad-Band Radiometer 
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EarthCARE Contribution to the Water Cycle 
Data Products: 
Clouds:  

•  Vertically resolved profiles of ice water content and liquid water content 
•  particle fall speed, melting layer 

Precipitation: 
•  Rain (notably, also light rain) 
•  Snow (notably, also over high & polar latitudes) 

Aerosol Profiles … 
Radiation Products … 
 

Mission Status 
•  Presently in Phase D 
•  Acceptance Review 2022 
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Aeolus  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12 September  
2018 
 
© ESA/ECMWF 



| Slide  19 ESA UNCLASSIFIED - For Official Use    

Launch around 2025 

FORUM SKIM 
Greenhouse	Effect	/	Climate	Change	 Ocean	Surface	Currents	

Earth Explorer 9 – Two Candidates 
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Earth Explorer 10 – Three Candidates 

Daedalus 
 
 
 
 
 
 
 
 
 
 

STEREOID 
 
 
 
 
 

Bistatic SAR as passive 
followers of Sentinel-1 
Two <500kg spacecraft 

 

Applications 

•  Cryosphere 
•  Oceanography 
•  Geosphere 

G-CLASS: H2O 
 
 
 
 
 
 
 

Science on 
daily water 
cycle 

Four cubesats  
at 120 km altitude 

 
Focus on temperature, 
heating processes & 
composition structure 

Explore 
mesosphere, 
lower 
thermosphere 
& Ionosphere 

Geostationary  
C-band SAR 

 
Benefits for weather 

forecasting, hydrology, 
mountain cryosphere 
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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 

C 
2022/23 

C 
2022/23 

D 
> 2022/23 

C 
2023 

D 
> 2023 

C 
> 2027 

D 
> 2022/23 
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Copernicus – global leadership in EO 

> 200.000 

150 TB satellite data 
distributed per day 

6 operational services 
registered users 

 

= tip of the iceberg 

full, free & open 
data policy 

Climate Ocean Security Land Atmosphere Disaster 

7 satellites flying 
S1 S2 S3 S4 S5P S5 S6 

●● ●● ●● ● 
 
 

preparing Copernicus 2.0 
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Statistics	at	beginning	February	2019	

Number	of	
registered	users	

Now	access	to	data	of	first	7	Sentinel	satellites	

Evolution	of	registered	users	on	Sentinel	Open	Access	Hub 
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April 2018 
average 
 
© KNMI / NSO 

Nitrogen Dioxide 
from Sentinel-5P 
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Pine	Island	Glacier,		
June	2017	to	January	2019	

•  Sentinel-1A	and	Sentinel-1B	mission	
operations	à	nominal		

•  Sentinel-1	contribution	to	emergency	
activations,	in	particular	from	the	
Copernicus	Emergency	Management	
Service,	continues	to	be	very	high	

Pine	Island	Glacier:		
18	months	of	flow	and	calving	
https://adrianluckman.wordpress.com	

Sentinel-1	mission	status	
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Contains modified Copernicus Sentinel data (2015) 

S1A Alps Wet Snow Maps 

S1A IW 2015 
VH & VV-pol. 

 
S1-based  
wet snow 
classifications 
compared with 16 
day NASA MODIS 
snow product 
(MOD10A2) 

M.Sc.  
D. Jäger, 2016,  
Univ. Zürich 
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Snow Extent  
 
 
 
 
 
Sentinel-3A 
5 -10 April 2018 

FSC 

7 Dec 2017 29 Jan 2018 13 Feb 2018 24 Mar 2018 7 Apr 2018 7 Dec 2017 29 Jan 2018 13 Feb 2018 24 Mar 2018 7 Apr 2018 
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Water Level Changes 

Lake Bracciano, Italy 
Summer 2017 Drought 
 
Based upon Copernicus Sentinel-2 and Sentinel-3 
© BY-SA 3.0 IGO 
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Sentinel-2A: Mapping Water Bodies 
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Contains modified Sentinel-3A data (2016)  
© UK National Centre for Earth Observation/University of Leicester 

Land Surface Temperature 
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Copernicus 2.0 – New Monitoring Missions 

CRISTAL – Polar Ice & Snow Topography 

CIMR – Passive Microwave Radiometer 

Anthropogenic CO2 Mon. Mission  

CHIME – Hyperspectral Imaging Mission 

L-band SAR Mission 
 

Land Surface Temperature Mission 

Causes of  
Climate Change  

Agriculture & Water 
Productivity 

Effects of 
Climate Change 

Food Security, Soil, 
Minerals, Biodiversity 

Sea: Surface Temp.  
& Ice Concentration  

Vegetation & Ground 
Motion & Moisture 

Six High Priority Candidate Missions 
 

Progress Status 
 

•  Preliminary Requirements Review concluded successfully 
for all 12 Phase A/B1 studies  

•  Consolidation of inputs for preparation of ESA ITTs for 
Phase B2/C/D/E1 contracts 
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EO in a World of Disruption – 3 Megatrends 

Our Changing Planet 

 

 

 
 

Demography: 1.5M people 
extra per week & growing 
eco-footprints 
Climate: COP21 < 2C° extra 
but +9% CO2 in 15 years 
End of Holocene: unseen 
natural phenomena 

Tech & EO Revolution 

 

 

 
 

New data sources: nanosat, 
HAPS, mega-constellations 
New tech: computer vision, 
AI, real time video, IoT, … 
New players: new 
approaches, ideas, needs & 
innovation 

Data-Driven Economy 

 

 

 
 

Global geospatial analytics 
market from 35 to 76 billion 
euro by 2023 
Copernicus: largest EO 
provider worldwide 
From big data to smart 
information 

New & Increased 
EO Monitoring 

Needs & 
Requirements 

Need for end-to-
end EO system 

architecture 
approach 

Demand for user-
driven EO 
Services & 

Applications 



Mega-constellations HAPS NanoSats AI for EO 

Φ-lab as Catalyst 
 
 

“Introducing disruptive innovation into European EO” 
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Engaging Science communities Engaging the International Science Community 
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Thank you for your attention! 
 

www.esa.int 


