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EarthCARE
Mission overview & CCRES Cal/Val

Lukas Pfitzenmaier
Nathan Feuillard, Felipe Toledo Bittner, 
Ewan O’Conner, Simo Tukiainen,
and many more…

EarthCARE instrumentation:
BBR – Broad Band Radiometer

MSI  – Multi-Spectral Imager (7 chenals )
CPR – Cloud Profiling Radar (profiler at 94 GHz)

ATLID – Atmospheric Lidar (HSRL at 355 nm)
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EarthCARE instrumentation

BBR
• 3 different views – zenith and 50° off zenith front and back
• Footprint 10 x 10 km every 1 km along track

MSI
• 7 channels - 0.67, 0.865, 1.65, 2.21, 8.8, 10.8, and 12.0 µm
• Swath - 115 km (right) 35 km (left)
• Footprint nadir – 0.5 x 0.5 km
• Distribute zenith information along swath pixels

• radiation closure 
CPR
• 94 GHz profiling radar
• Footprint 800m - L1: 0.5 km and L2 1 km along track integration
• 100 m range resolution – 500 m pulse oversampling – noise 

correlation
• Doppler velocity SNR ok down to -20 /-21 dBZ – no Doppler 

below in L2!
ATLID
• Impressive performance – “a milestone for future space-borne 

Lidars” (NASA)
• Footprint – L1 ~ 30m for L2 up to 20 km depends on product
• Range resolution lower 20 - 40 km

Tobias Wehr et al., 2023, AMT, & Illingworth et al., 2015, BAMS
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EarthCARE status

BBR
• Works well 
• Validation needs 

MSI
• Calibration issues for VNS bands - diffuser does not work as expected

• ad-hoc vicarious calibration of MSI solar bands has been implemented for baseline (BA)
• further updates will be developed based on vicarious calibration, e.g. additional 

information/satellites cross-validation or development of new techniques (needs time, people, 
money)

• L1 and further L2 products require careful handling – please read the documentation.
CPR
• Doppler velocity can be used down to -20 /-21 dBZ
• Doppler velocity bias varies with time 

• CPR antenna heating by solar radiation (Publication by B. Puigdonènech Treserras et al., AMTD, 2025)
ATLID
• Impressive performance – “a milestone for future space-borne Lidars” (NASA)
• Lots of extinction products for different purposes – more explanation needed
• Read the documentation!
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EarthCARE product overview ESA

Overview of the L2 product chain from ESA

singles sensor products
ATLID red box
CPR greed box
MSI yellow box

Combined products
AM    = ATLID + MSI
AC     = ATLID + CPR
BM    = BBR + MSI
ACM = ATLID + CPR + MSI
BMA = BBR + MSI + ATLID

EGU special issue
https://amt.copernicus.org/articles/special_issue1156.html

Tobias Wehr et al.
, 2023, AMT
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Example ESA Target Classification
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Example ESA Target Classification

Differences 
in the 
classifications 
from ground 
and space
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EarthCARE product overview ESA
Overview of the L2 product chain from JAXA
singles sensor products
ATLID red box
CPR greed box
MSI yellow box

AM    = ATLID + MSI
AC     = ATLID + CPR
BM    = BBR + MSI
ACM = ATLID + CPR + MSI
BMA = BBR + MSI + ATLID

Different products!
Different retrievals!
Sometimes even different parameters!
Lots of possibilities to validate and compare!

EGU special issue
https://amt.copernicus.org/articles/special_issue1156.html

Tobias Wehr et al., 2023, AMT
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EarthCARE status validation possibilities

Similar Instrumentation
EarthCARE = ACTRIS 

site from space

• Operating since July 2024

• L1 and L2 data available 

• Download ESA server: 
https://earth.esa.int/eogateway/missions/eart
hcare/data

• Download tool ESA:
https://github.com/koenigleon/oads-download

ACTRIS Cloud Remote Sensing
• Centralised homogeneous 

processing
• Data Quality control
• Good geographical coverage
• Cloudnet classification àL2 ready?

• Database for EarthCARE validation
• Case study 
• Statistical comparison • 25 fixed sites 

+ mobile facilities
• sites operate 
35 and/or 94 GHz radars

https://earth.esa.int/eogateway/missions/earthcare/data
https://earth.esa.int/eogateway/missions/earthcare/data
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
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Best practice protocol for validation

DOI assignment in Zenodo:
https://zenodo.org/records/15025627

Published in CEOS portal

97 authors from 58 institutions
Amiridis, Vassilis; Marinou, Eleni; Hostetler, Chris; Koopman, Rob; Cecil, Daniel; 
Moisseev, Dmitri; Tackett, Jason; Groß, Silke; Baars, Holger; Redemann, Jens; 
Marenco, Franco; Baldini, Luca; Tanelli, Simone; Fielding, Mark; Janiskova, Marta; 
Tanaka, Τoshiyuki; O'Connor, Ewan; Fjaeraa, Ann Mari; Paschou, Peristera; 
Voudouri, Kalliopi Artemis; Ferrare, Richard; Burton, Sharon; Schuster, Gregory; 
Kato, Seiji; Winker, David; Shook, Michael; Bley, Sebastian; Haarig, Moritz; Floutsi, 
Athena Augusta; Wandinger, Ulla; Trapon, Dimitri; Pfitzenmaier, Lukas; 
Papagiannopoulos, Nikolaos; Mona, Lucia; Posselt, Derek; Mason, Shannon; Rennie, 
Michael; Benedetti, Angela; Hogan, Robin; Sogacheva, Larisa; Balis, Dimitris; 
Michailidis, Konstantinos; van Zadelhoff, Gerd-Jan; Nowottnick, Edward; Yorks, 
John; Mroz, Kamil; Donovan, David; L'Ecuyer, Tristan; Okamoto, Hajime; Sato, 
Kaori; Henderson, David; Nishikawa, Tomoaki; Barker, Howard; Cole, Jason; Qu, 
Zhipeng; Clerbaux, Nicolas; Nakajima, Takashi; Chase, Randy; Wolff, David; 
Landulfo, Eduardo; Kirstetter, Pierre-Emmanuel; Mather, Jim; Ohigashi, Tadayasu; 
Ryder, Claire; Tzallas, Vasileios; Tsikoudi, Ioanna; Tsekeri, Alexandra; Tsichla, 
Maria; Koutsoupi, Iliana; Kubota, Takuji; Siomos, Nikolaos; Takahashi, Nobuhiro; 
Horie, Hiroaki; Suzuki, Kentaroh; Mace, Jay; McLean, William; Borderies, Maria; 
Mangla, Rohit; Escribano, Jerónimo; Moradi, Isaac; Zhang, Jianglong; Juli, Rubin; 
Ikuta, Yasutaka; Marbach, Thierry; Bojkov, Bojan; Accadia, Christophe; Fougnie, 
Bertrand; Spezzi, Loredana; Bozzo, Alessio; Chimot, Julien; Jafariserajehlou, Soheila; 
Flament, Thomas; Mattioli, Vinia; Strandgren, Johan; Barlakas, Vasileios; Kollias, 
Pavlos.

https://zenodo.org/records/15025627
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Best practice protocol for validation

Chapter 1: Introduction [Contact: Vassilis Amiridis, Dan Cecil]
• Overview of past, present, and future space missions
• Validation objectives for space profilers
• Cal/Val definitions/nomenclature and validation metrics

Chapter 2: Validation needs for Space Profilers [Contact: Luca Baldini, Tristan l’Ecuyer, Hajime 
Okamoto]

• Detailed list of products from space profilers (CALIOP, CATS, CloudSat, GPM, EarthCARE 
ATLID & CPR, INCUS)

• Validation needs from the product developer’s perspective
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Best practice protocol for validation

Chapter 1: Introduction [Contact: Vassilis Amiridis, Dan Cecil]
• Overview of past, present, and future space missions
• Validation objectives for space profilers
• Cal/Val definitions/nomenclature and validation metrics

Chapter 2: Validation needs for Space Profilers [Contact: Luca Baldini, Tristan l’Ecuyer, Hajime Okamoto]
• Detailed list of products from space profilers (CALIOP, CATS, CloudSat, GPM, EarthCARE ATLID & 

CPR, INCUS)
• Validation needs from the product developer’s perspective

Chapter 3: Survey of validation measurements [Contact: Jens Redemann, Silke Gross, Franco 
Marenco]
• Types of validation instruments & specific instruments
• Spatiotemporal representativeness, scene homogeneity and co-location criteria for correlative 

measurements
• Quality of measurements

Chapter 4: Correlative metadata and data format [Contact: Ewan O’Connor, Ann Mari Fjæraa]
• Guidelines on a proper definition of metadata and data formats for Cal/Val archives
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Best practice protocol for validation

Chapter 5: Guidance for the validation of lidar and aerosol products [Contact: Eleni Marinou, Holger Baars]
• Guidelines for validation of different lidar and aerosol products with ref. on past studies

Chapter 6: Guidance for validation of radar, cloud, and precipitation products [Contact: Dmitri Moisseev, Simone Tannelli]

• Guidelines for validation of different radar, cloud, and precipitation products with ref. on past studies

Chapter 7: Statistical validation [Contact: Jason Tackett]
• Near-instantaneous comparisons 
• Climatological comparisons

Chapter 8: Near-real time validation through data assimilation  [Contact: Mark Fielding, Marta Janisková]
• Key considerations and data quality principles
• Demonstrations of data quality monitoring

Chapter 9: Gaps and Challenges [Contact: Holger Baars]
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EarthCARE status validation possibilities

Radiation measurements
• Many sites have radiation sensors

Microwave Radiometer
• 14-channel HatPro and possible passive channels from RPG radar

Cloud Radar
• Minimum one frequency
• Doppler spectra delabializing à Doppler velocity validation!

Ceilometer / Lidar
• Attenuation from the ground

Questions/Discussion:
• Quantify convection in the cloud!
• Missing ice particle characterisation within Cloudnet?
• Measure the inhomogeneity of a cloud and in cloud fields? 
• Detection of mixed-phase layers from the ground?

• Retrieval of particle sedimentation velocities à validation with EarthCARE (Kim et al, 2025, EGU discussion)
• Explore and implement multiple frequency approaches
• Explore and implement scans
• Use AI ML methods to improve microphysical understanding and targeting

EarthCARE instrumentation:
BBR – Broad Band Radiometer

MSI  –7 chenals
CPR – zenith at 94 GHz
ATLID –HSRL at 355 nm
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EarthCARE status validation possibilities

Radiation measurements
• Many sites have radiation sensors

Microwave Radiometer
• 14-channel HatPro and possible passive channels from RPG radar

Cloud Radar
• Minimum one frequency
• Doppler spectra delabializing à Doppler velocity validation!

Ceilometer / Lidar
• Attenuation from the ground

Questions/Discussion:
• Quantify convection in the cloud!
• Missing ice particle characterisation within Cloudnet?
• Measure the inhomogeneity of a cloud and in cloud fields? 
• Detection of mixed-phase layers from the ground?

• Retrieval of particle sedimentation velocities à validation with EarthCARE (Kim et al, 2025, EGU discussion)
• Explore and implement multiple frequency approaches
• Explore and implement scans
• Use AI ML methods to improve microphysical understanding and targeting

à Discussion: CCRES and the community how and what we want to address…
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Content

CCRES validation activities

CPR validation of
Reflectivity and
Doppler velocity

L2 validation?

baseline CA 
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Why and what we validate?

Use the ground-based
instrumentation to validate 

the satellite.
If instrumentation is 

comparable, we can ask.

1) Do the instruments 
measure the same?

Do the values agree?

2) Can we also compare 
retrieved properties?

?
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Why and what we validate?

Use the ground-based
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the satellite.
If instrumentation is 

comparable, we can ask.

1) Do the instruments 
measure the same?

Do the values agree?

2) Can we also compare 
retrieved properties?
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EarthCARE reflectivity validation – case study

EarthCARE overpass >2 km to the site
(15.01.25, Ny-Ålesund)

“Golden case”:
• Excellent Ze comparison 
• Ze offset estimate ~ 3 dBZ

General remarks:
• Ze-comparison to the W-band
• EarthCARE Ze is calculated with a 

different dielectric constant
• Range averaging: mimic the correct 

pulse response functions
Conversions are implemented in the 
“orbital radar” tool running on CLU

But “Golden Cases” are rare

EarthCARE
+/-25 km 
distance 
from site

Orbital radar 
tool +/-25 
min around 
overpass

ACTRIS radar
+/-25 min 
around 
overpass
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EarthCARE reflectivity validation – case study

EarthCARE overpass >2 km to the site
(15.01.25, Ny-Ålesund)

But “Golden Cases” are not usual cases

ACTRIS, a statistical approach is used:
• Method based on Protate et al. 2010
• EarthCARE data: 

Within a defined radius to the site
• Ground-based data: 

Time window around the overpass 

EarthCARE
+/-25 km 
distance 
from site

Orbital radar 
tool +/-25 
min around 
overpass

ACTRIS radar
+/-25 min 
around 
overpass
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EarthCARE reflectivity validation – statistical approach

Filter the data before the comparison:
• avoid liquid attenuation – only ice clouds
• Adjust sensitivities of the data sets

Nathan Feuillard, Felipe Toledo Bittner, Lukas Pfitzenmaier, Ulrich Löhnert, Ewan O’Conner

NyÅlesund,     Svalbard

25 days, 52 overpasses

25 days,12 overpasses

Jülich, Germany



CCRES/CLU Training school, Munich, 2-5 Sept. 2025

EarthCARE reflectivity validation – statistical approach

Filter the data before the comparison:
• avoid liquid attenuation – only ice clouds
• Adjust sensitivities of the data sets
• statistical test to select comparable data 

for each height bin
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EarthCARE reflectivity validation – statistical approach

Filter the data before the comparison:
• avoid liquid attenuation – only ice clouds
• Adjust sensitivities of the data sets
• statistical test to select comparable data 

for each height bin

good data

ground
CPR

ground
corrected CPR
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EarthCARE reflectivity validation – statistical approach

Filter the data before the comparison:
• avoid liquid attenuation – only ice clouds
• statistical test to select comparable data

Results are stable over time.
• Excellent agreement with Ze-offsets obtained using other methods 

(return of the sea surface, ECMWF model comparison, our radars…)

AA AB AC AE BA BB
CA CB
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AF

- 0.1 dB- 1.6 dB-3.9 dB
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EarthCARE reflectivity validation – statistical approach

Filter the data before the comparison:
• avoid liquid attenuation – only ice clouds
• statistical test to select comparable data

Results are stable over time.
• Excellent agreement with Ze-offsets obtained using other methods 

(return of the sea surface, ECMWF model comparison, our radars…)
• Displays consistent Ze offset over time

All depends on the clouds sampled – might be different results for different seasons.

Time series of monthly mean for baseline CA 
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EarthCARE Doppler velocity validation – case study

EarthCARE overpass 
(15.01.25, Ny-Ålesund)

“Golden case”:
• “Orbital radar” tool shows realistic 

noise characteristics
• Noise along range is less correlated
• Bias L1 to Synthetic ~ 0.1 m s-1

EarthCARE L1
+/-25 km 
distance 
from site

Orbital radar 
tool +/-25 
min around 
overpass

ACTRIS radar
+/-25 min 
around 
overpass
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EarthCARE Doppler velocity validation – case study

Orbital radar 
tool +/-25 
min around 
overpass

ACTRIS radar
+/-25 min 
around 
overpass

EarthCARE L2
+/-25 km 
distance 
from site

EarthCARE L1
+/-25 km 
distance 
from site

EarthCARE overpass 
(15.01.25, Ny-Ålesund)

“Golden case”:
• “Orbital radar” tool shows realistic 

noise characteristics
• Noise along range is less correlated
• Bias L1 to Synthetic ~ 0.1 m s-1

• Bias L2 to Synthetic ~ 0.65 m s-1

Missing references to validate bias!

But “Golden Cases” are not usual 
cases

ACTRIS, the statistical approach 
based on Protat et al. 2010 is adjusted 
for Doppler velocities.
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EarthCARE Doppler velocity validation - statistical approach

Adopt the method from Protate et al. 2010
Apply filtering to homogenise data:
• With a high noise characteristic à only Vm where Ze > -15 dBZ
• Doppler velocity folding 
• Orographic effects

EarthCARE data 
within a 100 km 
around the site

ground-based radar
+/- 1h 

around the overpass

Example ~60 overpasses: Ny-Ålesund, and EarthCARE Baseline BA

Site and height dependent filtering (work in progress)

Lukas Pfitzenmaier, Nathan Feuillard, Felipe Toledo Bittner, Ulrich Löhnert, Ewan O’Conner
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EarthCARE Doppler velocity validation - statistical approach

Adopt the method from Protate et al. 2010
Apply filtering to homogenise data:
• With a high noise characteristic 
• Doppler velocity folding 
• Orographic effects

Temporal evolution of Doppler velocity bias

3 month moving average 
of baseline CA 
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EarthCARE Doppler velocity validation - statistical approach

Figure 4 from Puigdomènech Treserras et
al., 2025, EGUsphere shows the Doppler
velocity bias caused by mispointing,
which depends on the amount of solar
radiation heating the CPR antenna.

Temporal evolution of Doppler velocity bias
• Solar radiation heats the CPR antenna à

deformation à Doppler velocity bias
• Monitoring based on sea surface velocity

3 month moving average 
of baseline CA 
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EarthCARE Doppler velocity validation - statistical approach

baseline CA 

Only 15 overpasses to compare

L2 uncorrected    L2 best    L1
Temporal evolution of Doppler velocity bias
• Solar radiation heats the CPR antenna à

deformation à Doppler velocity bias
• Monitoring based on sea surface velocity
ACTRIS monitoring of pointing bias:
• In development 
• Differences between ascending and descending

3 month moving average 
of baseline CA 
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EarthCARE Doppler velocity validation - statistical approach

baseline CA 

Only 15 overpasses to compare

L2 uncorrected    L2 best    L1
Temporal evolution of Doppler velocity bias
• Solar radiation heats the CPR antenna à

deformation à Doppler velocity bias
• Monitoring based on sea surface velocity
ACTRIS monitoring of pointing bias:
• In development 
• Differences between ascending and descending

3 month moving average 
of baseline CA 
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EarthCARE Doppler velocity validation - statistical approach

Only 15 overpasses to compare

L2 uncorrected
L2 best
L1

L2 ground
L1 CPR
bias filtered
bias unfiltered

Work in progress: Identify good and bad cases – adjust filtering of Doppler data – ect
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Summery and outlook

Information
Tools
Links

L2 validation?

https://www.earthcarescience.net
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Summery and outlook

ESA announced at the Living Planet Symposium, that

EARTHCARE will fly for at least 10 years!
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EarthCARE CPR tool à synthetic CPR data for all ACTRIS site
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EarthCARE CPR tool à synthetic CPR data for all ACTRIS site
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EarthCARE tools – software:

oads-download – (L. König, TROPOS, python)
• Download scripts for all ESA products – JAXA might come in the future
• Select data per time, orbit, area,… 
• select products, baselines,…
• https://github.com/koenigleon/oads-download

ectools – (s. Mason, ECMWF, python) 
• Data reader and plotting tool for ALL ESA products
• https://bitbucket.org/smason/ectools

Atmosphere Virtual Lab – (ESA)
• Virtual environment of ESA
• No data download necessary – ACTRIS and EarthCARE data are on the server
• https://atmospherevirtuallab.org/earthcare

https://www.earthcarescience.net

https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://github.com/koenigleon/oads-download
https://bitbucket.org/smason/ectools
https://bitbucket.org/smason/ectools
https://bitbucket.org/smason/ectools
https://atmospherevirtuallab.org/earthcare/
https://atmospherevirtuallab.org/earthcare
https://atmospherevirtuallab.org/earthcare
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EarthCARE tools – data viewer:

MAAP EarthCARE Timeline Viewer – (KNMI, online)
• ATLID and MSI data (others coming soon)
• https://portal.maap.eo.esa.int/ini/earthcare/timelineviewer/viewer/

ATLID and MSI data (others coming soon) – (McGill, online) 
• Monitoring of ATLID and CPR geolocation & CPR antenna pointing
• Lots of CPR QA/QC parameters are plotted
• https://web.meteo.mcgill.ca/EarthCARE/

JAXA EarthCARE Quicklooks – (JAXA, online)
• ATLID, CPR, MSI and BBR products from JAXA
• No legends for the products
• https://www.eorc.jaxa.jp/EARTHCARE/Quicklook/index.html?date=20250901&orbit=07163&frame=B

https://www.earthcarescience.net

https://portal.maap.eo.esa.int/ini/earthcare/timelineviewer/viewer/
https://portal.maap.eo.esa.int/ini/earthcare/timelineviewer/viewer/
https://portal.maap.eo.esa.int/ini/earthcare/timelineviewer/viewer/
https://web.meteo.mcgill.ca/EarthCARE/
https://web.meteo.mcgill.ca/EarthCARE/
https://www.eorc.jaxa.jp/EARTHCARE/Quicklook/index.html
https://www.eorc.jaxa.jp/EARTHCARE/Quicklook/index.html?date=20250901&orbit=07163&frame=B
https://www.eorc.jaxa.jp/EARTHCARE/Quicklook/index.html?date=20250901&orbit=07163&frame=B
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CCRES validation possibilities

Questions/Discussion:
• Quantify convection in the cloud!
• Missing ice particle characterisation within Cloudnet?
• Measure the inhomogeneity of a cloud and in cloud fields? 
• Detection of mixed-phase layers from the ground?

• Retrieval of particle sedimentation velocities à validation with 
EarthCARE (Kim et al, 2025, EGU discussion)

• Explore and implement multiple frequency approaches
• Explore and implement scans
• Use AI ML methods to improve microphysical understanding and 

targeting

à CCRES and the community on how and what 
we want to address…
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Outcome Living Planet Symposium

Usage of Datasets for AI training!
• “Do you have any suggestions for a training data set?”
• No question related to what the data set is, only about data sets!
• Do we need a best practice user guide for all the ACTRIS CCRES data 

• Explain errors and uncertainties? 
• Because: No cloud remote sensing experts take data for AI 

• What will the algorithms create? 
• We need careful validation.

Discussion?
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Extra Slides
measurement examples for MSI and ATLID

please contact authors of the work for information
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Geostationary SEVIRI/ polar orbiting MODIS (Aqua 30min differences)
30min difference between the overpasses

MSI

Comparing the cloud masks

01/01/2025 frame 03390E

MSI

Thanks to Anja Hünerbein and their colleagues from TROPOS for sharing

MSI example: M-CM vs MODIS
1st EarthCARE in orbit Cal/Val work shop 
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SEVIRI

MSI

Thanks to Anja Hünerbein and their colleagues from TROPOS for sharing

MSI example: M-COP vs SEVIRI
1st EarthCARE in orbit Cal/Val work shop 
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Frame 1508B  
Overpass over 
PollyXT at 
Dushanbe, 
Tajikistan

Dust

Mie-co

Dust

Dust

PollyXT

PollyXT

PollyXT

ATLID example:
1st EarthCARE in orbit Cal/Val work shop 

Thanks to Holger Baars and 
Moritz Haarig and the colleagues 
from TROPOS for sharing!!!
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21. 08.2024
- Nighttime

Early EarthCARE
overpass over 
ACTRIS
supersite at Mindelo, 
Cabo Verde during 
Orchestra Validation 
Campaign

Volcanic plume from Ruang eruption
Baseline AC

Baseline AC

Baseline AC

Mie

Ray

Cross20 km  issue 

ATLID example:
1st EarthCARE in orbit Cal/Val work shop 

48
48

Thanks to Holger Baars and Moritz Haarig and the 
colleagues from TROPOS for sharing!!!

Excellent agreeement in 
stratosphere

Alignment problem in the 
tropospheric channels of 
the ground-based lidar
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Thank you !
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