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Earth is a dynamic, interactive system 
that involves significant natural 
variability. Human activity is leaving its 
mark on these natural processes and 
changing the interactions in Earth’s 
system. Understanding Earth’s changing 
system is also essential as we tackle the 
scientific challenges of climate change. 

The main purpose of Earth Explorer 
missions is to advance Earth science 
by providing answers to key scientific 
questions. This family of research 
missions provide essential information 
about Earth’s interior, cryosphere, 
hydrosphere, atmosphere, ionosphere 
and land surface. Using innovative space 
technology, they support the quest to 
understand Earth as a system and the 
complex interactions within it. 

As we are challenged by 
cutting-edge scientific 
questions, ESA’s Earth 
Explorer satellites pioneer 
new space technology 
and observe our planet to 
reveal crucial information 
about Earth’s system. CRYOSPHERE
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The first Earth Explorer to enter 
operation, GOCE, mapped variations in 
Earth’s gravity in unprecedented detail. 
GOCE completed its mission in 2013. 

The next four missions to launch were 
SMOS, CryoSat, Swarm and Aeolus, 
monitoring soil moisture, the cryosphere, 
the magnetic field, and Earth’s winds, 
respectively. SMOS, CryoSat, and Swarm 
are currently operational, with Aeolus 
completing its mission in 2023. All four 
missions significantly exceeded their 
original design lifetimes. 

The most recent Earth Explorers 
continue to use pioneering space 
technology to study Earth’s systems. 

EarthCARE is delivering new insight 
into the role of clouds and aerosols 
in regulating Earth’s climate, while 
Biomass measures global forest carbon 
to investigate the influence of forests 
on the carbon cycle. The latest Earth 
Explorer, FLEX, will provide information 
related to photosynthetic activity, 
shedding light on the functioning of 
vegetation. 

The Earth Explorer family is continuing 
to grow as candidate mission concepts 
are selected for development. Future 
Earth Explorers include FORUM, Harmony 
and WIVERN, which will monitor 
thermal radiation, Earth’s surface 
dynamics, and winds within clouds.
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READ OUR
SUCCESS STORIES

Swarm helps reveal the iron 
architecture of Earth’s deep interior 
READ MORE

SMOS powers tool for monitoring  
long-term droughts 
READ MORE

CryoSat helps uncover rapid melting 
beneath Antarctica’s ice shelves 
READ MORE

Aeolus reveals hidden uncertainties 
in tropical weather systems 

READ MORE

EarthCARE uncovers the fate  
of a stratospheric smoke plume 
READ MORE

Swarm sheds light on a fleeting 
atmospheric mystery 
READ MORE

EarthCARE reveals global impact  
of Mount Ruang eruption 
READ MORE

https://earth.esa.int/eogateway/success-story/swarm-helps-reveal-the-iron-architecture-of-earth-s-deep-interior
https://earth.esa.int/eogateway/success-story/smos-powers-tool-for-monitoring-long-term-droughts
https://earth.esa.int/eogateway/success-story/cryosat-helps-uncover-rapid-melting-beneath-antarctica-s-ice-shelves
https://earth.esa.int/eogateway/success-story/aeolus-reveals-hidden-uncertainties-in-tropical-weather-systems
https://earth.esa.int/eogateway/success-story/earthcare-uncovers-the-fate-of-a-stratospheric-smoke-plume
https://earth.esa.int/eogateway/success-story/swarm-sheds-light-on-a-fleeting-atmospheric-mystery
https://earth.esa.int/eogateway/success-story/earthcare-reveals-global-impact-of-mount-ruang-eruption
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LEARN MORE ABOUT 
OUR MISSIONS

For more information visit:
https://earth.esa.int/eogateway/missions/swarm
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Swarm in Brief
What?
Swarm is ESA’s magnetic field mission and the first 
Earth Explorer constellation made up of three identical 
satellites: Alpha, Bravo and Charlie. Their main objectives
are to measure the magnetic signals that stem from
Earth’s core,mantle, crust, oceans, ionosphere and magnetosphere

Why?
Swarm data are furthering studies into Earth’s weakening 
and drifting magnetic shield, the structure of Earth’s interior, 
space weather and radiation hazards

Milestones
Swarm was designed to operate for 4 years, following 
a three-month commissioning phase, but has already been 
in operation for double its initially projected lifetime. 
In 2021, it will celebrate 8 years in orbit

4th Satellite
In March 2018, the Canadian Space Agency’s e-POP payload, 
aboard the CASSIOPE satellite, was integrated into the Swarm 
constellation, as the fourth element (Swarm-Echo) 
under ESA's Earthnet Third Party Mission Programme

When?
The three satellites were taken into orbit on a Rockot launcher 
from Plesetsk, Russia on 22 November 2013. 
Two of the satellites orbit side-by-side at an initial altitude
of 460 km, decaying naturally to 300 km. The third satellite 
orbits at about 530 km

Where?
The constellation was constructed by a consortium 
led by EADS Astrium (now Airbus) from the UK, GFZ Potsdam 
from Germany, DTU Space from Denmark and CNES from France

Innovation
Each of the Swarm satellites carry five scientific instruments: 
a Vector Field Magnetometer (1), an Absolute Scalar Magnetometer 
(2), an Electric Field Instrument (3), Accelerometers (4) and a Laser 
Range Reflector (5). Swarm’s electric field sensors are the first 
3D ionospheric imagers of their kind in orbit

Data and Users
Swarm generates approximately 120 GB data/month. 
An estimated 13 TB of data have been generated during 
the Swarm constellation’s nearly 8 years in space.
Swarm serves over 1000 registered users from 70 countries

Data access
https://swarm-diss.eo.esa.int
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About

EarthCARE

ESA's Earth Cloud Aerosol and Radiation 
Explorer (EarthCARE) mission is the largest 
and most complex Earth Explorer to date

Earth Explorers are research missions designed 
to address key scientific challenges, while 
demonstrating breakthrough technology in 
observing techniques. Every Earth Explorer 
mission provides an important contribution 
to further understanding of our planet

What

EarthCARE

EarthCARE is a joint venture between ESA and 
JAXA (Japan Aerospace Exploration Agency)

Where

EarthCARE improves current climate and 
numerical weather prediction models, 
advancing our knowledge of:

• the role that clouds and aerosols play in 
reflecting incident solar radiation back into space

• how infrared radiation emitted from Earth’s 
surface is trapped in the atmosphere

Aim
high-performance lidar 
and radar technology,
which has never been 
flown in space before

EarthCARE employs high-performance lidar and radar 
technology, which has never been flown in space before.
The High Spectral Resolution Lidar operates in the UV 
and also filters co- and cross-polarised signals. The 
Cloud Profiling Radar offers Doppler capability

Innovation 

EarthCARE is 17 m long with the solar panel deployed. 
The solar wing is an essential part of the satellite, 
providing the energy for EarthCARE to do its job

Curiosity 

earth.esa.int/eogateway/missions/earthcare EarthCARE mission page:

EarthCARE carries a suite of instruments: 
an atmospheric lidar (ATLID), a cloud profiling radar 
(CPR), a multispectral imager (MSI) and a broad-band 
radiometer (BBR)
The two active instruments, ATLID and CPR, probe the 
atmosphere to collect data at a microscopic level, 
observing clouds, aerosols and precipitation. The two 
passive instruments (MSI and BRR), provide 
complementary optical and radiation measurements, 
necessary for scientific products 
The mission helps scientists to improve atmospheric 
models by ‘closing the loop’, providing an actual 
measurement of the radiation balance that is also 
calculated by models fed with observation data 
collected by the active instruments

Instruments

— the largest and 
most complex Earth 
Explorer mission

cloud, aerosol 
and radiation 
explorer mission

infrared radiation trapped 
in the atmosphere

reflecting solar radiation 
back into space

17 
m

About

Biomass

ESA's Biomass mission delivers novel 
information about the global distribution 
of forest biomass

The Earth Explorers are research missions 
designed to address key scientific challenges, 
while demonstrating breakthrough technology in 
observing techniques. The family of Earth Explorer 
missions currently in orbit are providing important 
contributions to further understanding of our 
planet. Biomass was the seventh mission 
selected for development

What

Biomass

Forests absorb and store huge amounts of carbon as 
biomass, which makes them crucially important for the 
global drive to tackle the climate crisis. As a result, world 
governments are accelerating their efforts to promote 
healthy forests. But, to achieve this ambition, an improved 
understanding of the state of the world's forests is required 

Why

More than 50 industrial teams and beyond delivered hardware for the mission. 
The satellite platform was assembled in the UK

Where

Data delivered by Biomass: 

On top of its primary goals, the mission:

Aims 

Biomass addresses the huge technical challenge of 
mapping forest biomass from space. Its P-band SAR 
sensor peers through clouds, which typically shroud 
tropical forests, and penetrate the canopy layer, 
allowing the biomass of trees to be estimated

Innovation 

earth.esa.int/eogateway/missions/biomass Biomass mission page 

Biomass is the first satellite to carry a P-band SAR 
instrument, allowing interferometric and tomographic 
imaging to determine the amount of biomass and 
carbon stored in forests

Instrument

To determine the 
amount of biomass 
and carbon stored 

in forests

1st satellite
to carry a

P-band synthetic 
aperture radar 

(SAR) instrument

• advance understanding of the world’s forests 
and how they are changing

• reduce uncertainties in calculations of carbon 
stocks and fluxes on land

• provide new insight into the role forests play 
in the carbon cycle

• support global action to reduce deforestation 
and forest degradation

• monitors sub-surface geological features in arid 
and semi-arid regions

• tracks the movement of icesheets in Antarctica

• enables scientists to model terrain covered by 
dense forests

CryoSat in Brief

Where?
Built by Astrium in Germany, 
with its SIRAL radar 
instrument developed by 
Thales Alenia Space, France

Data Access
https://science-pds.cryosat.esa.int

Why?
Developed to meet the needs of the ice 
research community, it aims to provide 
a precise picture of how Polar Regions 
are responding to global warming

What?
CryoSat is ESA’s third Earth Explorer 
satellite and Europe's first ice 
mission

Which?
Its main objectives are to measure 
thickness of polar sea ice and monitor 
changes in ice sheets that blanket 
Greenland and Antarctica

Revolutionary
CryoSat carries the first spaceborne 
synthetic aperture interferometric radar 
altimeter (SIRAL), a sensor optimised 
to study sea-ice floes as they drift in the 
ocean and rugged glaciers

10 Years in Space
In 2020, Cryosat celebrated a 
decade in space, during which it 
has met and surpassed its mission 
objectives with data being used 
daily in innovative ways

In Resonance
In July 2020, CryoSat’s orbit was raised by roughly 
900 metres so it would periodically align with NASA's 
ICESat-2. The data collected by the two satellites will 
unlock a wealth of new benefits for the scientific community

When?
Launched on 8 April 2010, on a Russian-Ukrainian 
Dnepr Rocket, with a non Sun-synchronous low 
Earth Orbit at 719 km mean altitude, CryoSat 
reaches latitudes of 88° North and South
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For more information visit:
https://earth.esa.int/eogateway/missions/cryosat

Data and Users 
Serving around 1000 registered users from 
over 70 countries, it generates approximately 
1 TB of ice data/month and 100 GB of ocean 
data/month. Access to data is free and open 

The infographics below introduce 
four selected Earth Explorers 
currently in operation: 

https://earth.esa.int/eogateway/news/new-swarm-infographic
https://earth.esa.int/eogateway/infographic/earthcare-infographic
https://earth.esa.int/eogateway/infographic/biomass-infographic
https://earth.esa.int/eogateway/news/new-cryosat-infographic
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EDITORIAL TEAM, PLEASE EMAIL US AT
contentmatters4earthonline@ejr-quartz.com

https://www.esa.int/Services/Contacts
https://earth.esa.int/eogateway
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