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ESA Earth Explorer programme

EE

The vision
circa 2014
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Past & Current Missions

Future Missions

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

EarthCARE Biomass FLEX FORUM Harmony*
2023 2023 2024 2027 2029

H2O NaCl

Science Excellence 
& 

Technological 
Innovation

High Risks 
for 

Great Rewards

*Pending final selection

ESA Earth Explorer programme: today
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SMOS – ‘a true Explorer’

SMOS Payload Microwave Imaging Radiometer
using Aperture Synthesis (MIRAS), the first
passive microwave 2-D interferometric radiometer
measuring in L-Band (1.4GHz, 21cm)

Why L-Band?
Sensitive to changes of moisture in the soil and 
salinity in the ocean

All-weather tool, negligible attenuation by atmosphere 

Greater penetration into soil than shorter wavelengths.

Novel technology flown in space for the first time
Derived from radio-astronomy and interferometry

Synthetic aperture and interferometry enable 
spaceborne implementation for the first time

For the first time, delivering the necessary spatial 
resolution and global coverage.

First global measurements of the Earth’s surface emission in L-Band from space

SMOS
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SMOS – Discovering sea surface salinity

El Nino/
La Nina

Insights into 
ocean 
acidification

Global and regional variability on 
daily to decadal scales

Sea Surface salinity (pss)
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OCEAN
Extreme 

Wind Speed

Acidification

LAND

Precipitation

Vegetation 
Optical Depth

CRYOSPHERE

Ice 
melting

Sea Ice 
Thickness

Ice Sheet 
Temperature

Snow 
Density

Snow Melt

Sea 
Surface 
Salinity

Soil 
Moisture

Brightness 
Temperature

Freeze/Thaw 
Soil State

Essential 
input for 
climate 
assessments

Scientific discoveries

Improving forecasting 
in Europe & beyond

SMOS – ‘a true Explorer’
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CryoSat

CryoSat – ‘the most successful Explorer ever’

Why an ice mission ?
Need for better measurements of polar sea ice thickness

Need to monitor changes in Greenland and Antarctic ice 
sheets

Revolutionary technology
The first spaceborne synthetic aperture interferometric 
radar altimeter (SIRAL)

Finer spatial resolution, greater accuracy

Closing the hole at the poles

CryoSat-2 launched successfully in April 2010 
following CryoSat-1 launch failure in October 2005

Europe’s first ice mission

Cryosat Payload Synthetic aperture
Interferometric Radar ALtimeter (SIRAL)), the
first of its kind
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CryoSat – ‘the most successful Explorer ever’

Daily pan-Arctic freeboard (a) and associated absolute uncertainties (b) from the
combination of CryoSat and Sentinel-3 data (Gregory et al., 2021)

CryoSat Ob river's water level from swath processing (Di Bella et al.
Credits: Earthwave

CryoSat - AltiKa ASD snow depth estimations in 
Antarctica. (Garnier et al., 2021)

+ a permanent legacy for ocean altimetry with 
Sentinel-3, Sentinel-6 and HPCM CRISTAL
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Aeolus – the youngest Explorer

Aeolus
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Worth waiting 
for!

A community 
ready to use 

the data

Moving 
swiftly to 

operations 
(Aeolus-2)
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Earth Explorers in ESA EO: where next ?

EE

The vision
2022
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Future missions – Earth Explorer 9
Call for Mission proposals November 2015
17 proposals received and evaluated, none selected for cost reasons

Call reissued December 2016 with increased cost cap
13 proposals received and evaluated, with 2 candidates (FORUM, SKIM) moving to Phase A (2018-19)
UCM in Cambridge in July 2019 => FORUM selected for implementation

FORUM
Far-infrared Outgoing Radiation 
Understanding and Monitoring

Improve understanding of the 
greenhouse effect and contribute to 

climate change assessments accuracy.
FTS instrument covering 6 to 100 µm range

SKIM
Sea-surface Kinematics 

Multiscale monitoring

Novel wide-swath scanning multibeam
radar altimeter to measure ocean-

surface currents with Doppler technique.
Ka-band (36 GHz) conical scanning instrument

Concept A

Concept B

Concept A

Concept B
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Future missions – Earth Explorer 10
Call for Mission ideas released in September 2017
21 proposals received and evaluated
3 mission candidates, Daedalus, Harmony and Hydroterra in Phase 0 (2019-20)
In February 2021, only one able to proceed to Phase A
Harmony now in Phase A (UCM 5 July 2022)

Daedalus
Exploring the thermosphere-ionosphere

Harmony
Measuring surface deformation

Hydroterra
Monitoring the diurnal water cycle

Improve understanding of Sun-Earth coupling, energy deposition, 
composition and dynamics

Proposed mission concept
Full suite of in situ plasma, neutral atmosphere, particles, and 
electro-magnetic fields instruments; coordinated flight for multi-point 
measurements; Elliptical orbit with perigee ~150 km and deep dips

Improve understanding of ocean sub-mesoscale circulation 
patterns, ice dynamics/mass balance, and 3D deformation fields 
in land topography

Proposed mission concept
Two passive receiving antenna satellites for bistatic SAR, in 
formation with Copernicus Sentinel-1

Improve prediction capability for intense rainfall and its impacts 
flooding and landslides, daily cycles of surface moisture (soils, 
snow) for agriculture and water resources and real-time 
monitoring of ground motion

Proposed mission concept
C-band radar in geosynchronous orbit, with flexible imaging 
capability over Europe and Africa

Dedicated 
talk on 

Harmony 
later in this 

session
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Future missions – Earth Explorer 11
Call for Mission ideas released in May 2020
15 proposals received and evaluated
4 mission candidates selected to proceed to Phase 0: CAIRT, Nitrosat, SEASTAR, WIVERN
Currently in Phase 0, decision point Autumn 2023
Concerns over costs

https://www.esa.int/Applications/Observing_the_Earth/Future_EO/Earth_Explorers/Four_mission_ideas_to_compete_for_Earth_Explorer_11

Wednesday 15:40 Room Nairobi 1-2 
Session B2.01.1 The Earth Explorer 11 Candidate 

Missions - Science for the Next Decade

https://www.esa.int/Applications/Observing_the_Earth/Future_EO/Earth_Explorers/Four_mission_ideas_to_compete_for_Earth_Explorer_11
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What role for Earth Explorers in ESA EO?
A fast changing EO landscape in Europe

Copernicus, Copernicus-NG, Copernicus Expansion
Growing Meteorological satellite programmes
New Space
Commercial satellite operators & data providers
Digital twins

The end of the Earth Explorer era ?
FutureEO Independent Science Review, 2021

Recommendation 5: The panel recommends that ESA maintains high levels of scientific
excellence and technological innovation by pursuing different classes of missions that must include
large, ambitious and challenging Earth Explorer missions to secure its position of international
leadership in Earth Observation.

(FutureEO Independent Science Review, 2021)
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We need to enable ambitious and challenging 
Earth Explorer missions for the future!

Risk challenging science missions to enable world class Earth science

Assert European leadership through science and technological innovation

Provide more opportunities to propose new blue sky mission ideas

Stimulate international cooperation between scientists and industry and agencies

Engage early, frequently and regularly with the science community
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Summary & Outlook

The ESA Earth Explorer programme has been immensely successful, 
enabling world-class science, supporting operations, informing the 
climate debate whilst maintaining Europe’s leadership in EO technology

Earth Explorers are what make ESA famous across the world!

‘we must choose to do these things, not because they 
are easy, but because they are hard’ (JFK, 1962)  
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