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ESA Earth Explorer 6: EarthCARE

Earth Cloud Aerosol & Radiation Explorer is the largest and most 
ŎƻƳǇƭŜȄ 9ŀǊǘƘ 9ȄǇƭƻǊŜǊ ǎŀǘŜƭƭƛǘŜ ƛƴ 9{!Ωǎ CǳǘǳǊŜ 9h ǇǊƻƎǊŀƳƳŜΦ

Purpose: 
Å To improve our understanding of cloud, aerosol and precipitation 

processes and  their radiative impact.
Å Use synergy of active and passive instruments to provide the 

most accurate profiles of cloud, aerosol and precipitation.
Å To perform radiative closure as part of the core mission.
Å To provide near-real-time observations for assimilation into 

weather forecast models Ҧ {ŜŜ άRecent progress on aerosol 
ǊŜŦƭŜŎǘŀƴŎŜ ŀǎǎƛƳƛƭŀǘƛƻƴ ƛƴ LC{ψ/hathέ ōȅ !ƴƎŜƭŀ .ŜƴŜŘŜǘǘƛ

Joint venture with JAXA, providing the CPR radar

Space segment prime Airbus Defence and Space DE, with a 
consortium of over 75 companies

Ground segment prime KNMI (NL), with a consortium of 17 
companies (ESA EarthCARE Data & Innovation Science Cluster, DISC)

(expectation!!)
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EarthCARE  satellite  and its  instruments

CPR: Cloud Profiling Radar

ÅFirst space-bornDopplercloudradar

ÅFrequency: 94 GHz

ÅResolution: 0.65km (cross-track) x 1km (along-
track), vertical 400 m

ATLID: AtmosphericLidar 

ÅHighspectralresolutionLidar (discriminates 
Mie and Rayleigh scattering components)

ÅUVLidar:355nm, repetitionrate 51Hz, 
emitted energy 38mJ

ÅResolution: 30 m IFOV sampled at 100 m 
intervals along track, vertical 100 m

MSI: Multi-SpectralImager

ÅPush-broomscanner, cross-track observation

Å7-bandsin the 0.6-12µm range

ÅWideswath (150km) with 500m resolution

BBR: Broad-BandRadiometer

ÅDirectradiancemeasurements

Å2-bands:ShortWave (0.2-3.8µm) andTotalwave (0.2-50µm)

Å3 directionpointing(Forward/Nadir/Backward)

Å10km resolution
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EarthCARE 2yrs in orbit: where are we?

ÅMission status

Å Product status

Å Emphasis of aerosol products and results

Å Listing of major cloud -related results and other bonuses

ÅWhere are we with the radiative closure?
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Mission Status

Á Both the space segment and ground segment continue to perform 
nominally (MSI diffuser instability continues, vicarious calibration)

Á Nominal lifetime is 3yrs. However, current propellant consumption 
indicates a lifetime of ~10 years (i.e., at least until 2034). This estimate 
is based on three different solar activity scenarios. 

Á BBR intermittent operations (25% cycle) started on 20 November 2025 
to extend the nominal lifetime until 2029, see 
https://earth.esa.int/eogateway/news/earthcare-s-bbr-instrument-life-
extending-operations 

Á Assessing possible changes in BBR cycle to extend its lifetime beyond 
2029.

Adapted from EarthCARE SIOP-3

https://earth.esa.int/eogateway/news/earthcare-s-bbr-instrument-life-extending-operations
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Product Status: 
public release of full set of products in Dec 2025

Synergistic Level 2b
Target classification, cloud & 
aerosol profiles at x-ǎŜŎǘΣ Χ

ATLID Level 1b (ESA)
Attenuated backscatter in 
ÅRayleigh channel
ÅCo-polar Mie channel
ÅCross-polar Mie channel

CPR Level 1b (JAXA) 
Radar reflectivity and 
Doppler velocity profiles

MSI Level 1b/c (ESA)
TOA radiances for four solar 
channels, TOA brightness 
temperatures for three 
thermal channels

BBR Level 1b (ESA)
Filtered TOA short-wave and 
total-wave radiances 
Note: uncorrected for 
instrument effects 

ATLID Level 2a
Feature mask and target 
classification, extinction, 
backscatter & depol. profiles, 
aerosol properties, ice cloud 
properties, ...

CPR Level 2a
Radar echo product, feature 
mask, cloud type, liquid and 
ice cloud properties, vertical 
motion, rain and snow 
estimates, ...

MSI Level 2a
Cloud mask, cloud  micro-
physical parameters, cloud 
top height, aerosol 
parameters, ...

BBR Level 2b
Unfiltered top-of-atmosphere 
radiances, short-wave and 
long-wave fluxes
Products are enhanced by 
using MSI

Assessment
Comparison of calculated 
fluxes and radiances to BBR 
observations

3D Scenes Construction
Expand syn. retrievals across-
ǘǊŀŎƪ ǳǎƛƴƎ a{LΤ ҒплƪƳ ǿƛŘŜ

Radiative Transfer Products
calculated radiances, fluxes, 
heating rate profiles 

L0/L1 L0/L1 L0/L1 L0/L1

https://earthcarehandbook.earth.esa.int/catalogue/index  

Three- and four-
sensor synergy 
Products!

ESA/JAXA activities since 
launch (28 May 2024):
Á 3 Satellite In-Orbit 
Performance (SIOP) 
meetings; 4th planned for 
Oct 2026
Á 3 Quality Working 
Groups (QWG); 4th 
planned for Sept 2026
Á 4 Science and Validation 
Workshops

https://earthcarehandbook.earth.esa.int/catalogue/index
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Product Status: reprocessing

Ç 1st reprocessing campaign completed in Dec 2025
Ç 2nd reprocessing campaign planned for release by Dec 2026 (tentative 
schedule)

Å Processors updates in forward processing and 2nd reprocessing 
(baseline BC Ҧ /!ύ

Å Updates include new DEM (ACE2 to AW3D30), new MSI VIS vicarious 
calibration, new handling of ATLID hot pixels, format changes, bug fixing 
(GPS outages, etc.), improved depolarization ratio, new surface BRDF 
and sedimentation velocity, etc. 

Å Updated processors:
ü CPR: C-L1, C-APC, C-PRO, C-CLD
ü ATLID: A-L1, A-FM, A-PRO, A-LAY
ü MSI: M-L1, M-CLD
ü BBR: BM-RAD
ü Synergy: AM-COL, BMA-FLX, AC-TC, ACM-CAP, ACM-COM, 

ACMB-3D, ACM-RT, ACMB-DF

AW3D30 -  4 arcsec

ACE2 -  9 arcsec      

West Greenland
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ATLID L1
Å More accurate depolarization thanks to improved 

characterization and correction of polarization cross-talk.
Å Correction of detection chain Dark Current offset 

influenced by solar background Ҧ .ŜǘǘŜǊ Řŀȅ-night 
consistency especially in cross-polar channel.

Å Update handling of hot pixels (charge-transfer correction 
procedure).

Note on ATLID improvements in baseline CA 
(credit: Dave Donovan & Athena A. Floutsi)

ATLID L2
Å Improved surface detection and higher altitude performance.
Å Addition of diffuse attenuation coefficient using Rayleigh 

channel.
Å Improved particles sizes in Mie-scattering correction.
Å Better cloud screening Ҧ weduce contamination of aerosol 

backscatters/extinctions & MORE accurate and consistent 
aerosol classification.
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Validation with AERONET

MSI AOD@670nm
Monthly aggregates to L2 (0.1 deg)

MSI Aerosol Optical Depth
(credit: Larisa Sogacheva, FMI)

Expected improvements in baseline CA
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Difference between ESA and JAXA products
(credit: Shobha Kondragunta , STC)
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Á Data dissemination transferred to ESA MAAP 
since Apr 2026, see: 
https://explorer.maap.eo.esa.int
Á EarthCARE Product Algorithm Laboratory (PAL) 
collaborative environment linked to MAAP, see 
https://earthcare.pal.maap.eo.esa.int 
Á 1st EarthCARE MAAP Hackathon held in April 
2026 at ESA ESRIN, 2nd Hackathon during this 
Oxford Cal/Val workshop (June 2026)

Quick Guide added in Apr 2026 to guide the users through the extensive set of 
products and repeated parameters: 
https://earthcarehandbook.earth.esa.int/catalogue/index?tab=quick-guides 

hƴƎƻƛƴƎ ƛƳǇǊƻǾŜƳŜƴǘǎ ƻŦ άtǊƻŘǳŎǘ !Ǿŀƛƭŀōƛƭƛǘȅέ ǎŜŎǘƛƻƴ at 
https://earth.esa.int/eogateway/missions/earthcare/data/data-quality

Data Dissemination and User Support

https://explorer.maap.eo.esa.int/
https://earthcare.pal.maap.eo.esa.int/
https://earthcarehandbook.earth.esa.int/catalogue/index?tab=quick-guides
https://earthcarehandbook.earth.esa.int/catalogue/index?tab=quick-guides
https://earthcarehandbook.earth.esa.int/catalogue/index?tab=quick-guides
https://earthcarehandbook.earth.esa.int/catalogue/index?tab=quick-guides
https://earth.esa.int/eogateway/missions/earthcare/data/data-quality
https://earth.esa.int/eogateway/missions/earthcare/data/data-quality
https://earth.esa.int/eogateway/missions/earthcare/data/data-quality
https://earth.esa.int/eogateway/missions/earthcare/data/data-quality
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Cal/Val Status

63 underflight during commissioning phase, 
100 up to September 2025, 144 at present!

Å Large number of Airborne 
campaigns have and will provide 
an abundant number of underflight 
comparisons.

 

Å Additionally, several field 
campaigns combining multiple 
platforms to capture specific 
weather and aerosol regimes.

Å Long-term observations of clouds, 
aerosols, and radiation from 
ground-based sites(e.g. Cabauw; 
ACTRIS, etc.) are used for routine 
validation.
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EarthCARE scientific highlights

EarthCARE monthly Science Seminars started on 15 April 2026, see 
https://www.earthcarescience.net/seminars 

EarthCARE on LinkedIn since May 2026
 (ESA Earth Explorer page)

https://www.earthcarescience.net/seminars
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Aerosols



Retrieving and  comparing ATLID aerosol properties

ÅATLID retrieves 355-nm extinction coefficient, the 
classification uses measured depolarization and 
lidar-ratio (extinction-to-backscatter ratio)

Å/!a{Υ 9/a²CΩǎ ŀƛǊ ǉǳŀƭƛǘȅ ŦƻǊŜŎŀǎǘ ƛƴŎƭǳŘƛƴƎ мр 
prognostic aerosol variables

ÅάIŀǾŜ ƴŜǾŜǊ ōŜŦƻǊŜ ōŜŜƴ ŀōƭŜ ǘƻ ŜǾŀƭǳŀǘŜ ŀŜǊƻǎƻƭ 
ǇǊƻŦƛƭŜǎ Ǝƭƻōŀƭƭȅ ǿƛǘƘ ǎǳŎƘ ǊŜǎƻƭǳǘƛƻƴ ϧ ŀŎŎǳǊŀŎȅΦέ

ATLID A - EBD

CAMS

(Credit: Peter Hill, Robin Hogan, David Donovan)

European 
continental 

aerosol

Desert dust Elevated smoke
above cloud



Aerosol model evaluation, Saharan dust 
plume, 13 August 2024



Aerosol model evaluation, Saharan dust 
plume, 13 August 2024



ATLID evaluates CAMS in Indian pollution 
events o Unprecedented quantitative, global 

evaluation of aerosol profiles in CAMS 
air-quality forecasts!

Good agreement 
between EarthCARE  

and AERONET

CAMS  underestimates 
optical depth in south -

west India
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Global distribution of mineral dust derived from 1.5 years of 
ATLID data.

ATLID native resolution:
Á Horizontal ~1 km
Á Vertical 100 m

For the global map, all data points classified as dust were 
counted and allocated to 1° × 1° lat/lon grid.

Climatology of dust properties 
(credit Ulla Wandinger & Leonard Konig)

Å Reveals systematic differences between sources: 
higher lidar ratio over Western Sahara, lower 
depolarization over Arabia

ÅWhat does this tell us about minerology, size and 
shape?

Å Does it have a radiative impact?  How can we 
incorporate it into models?

Dust occurrence Depolarization Lidar ratio



Aerosol Global comparisons 
(credit: Xumei Wang & Leonard König)

One year of ATLID retrievals 
allow for AOT comparison with 
aerosol models (CAMS)
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Khaykin et al., ACPD 2026


