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EarthCARE instrumentation

3 different views — zenith and 50° off zenith front and back
* Footprint 10 x 10 km every 1 km along track

BBR

* 7 channels - 0.67, 0.865, 1.65, 2.21, 8.8, 10.8, and 12.0 ym
* Swath - 115 km (right) 35 km (left)
* Footprint nadir — 0.5 x 0.5 km
* Distribute zenith information along swath pixels
* radiation closure

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 gerformance — “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

CPR

Tobias Wehr et al., 2023, AMT, & lllingworth et al., 2015, BAMS

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

Instrument Characteristics

Example products and synergy

Atmospheric lidar ~ Transmits 38 m| pulses at 51 Hz. High-spectral-resolution

(ATLID) 355 nm receiver with Rayleigh and Mie copolar and total cross-
polar channels. Telescope diameter 0.62 m. Beam divergence
45 prad, ground footprint about 30 m. Receiver field of view
65 prad. Pointing 3° off-nadir along track to avoid specular
reflection from ice crystals.Vertical-resolution 103 m from —I
to 20 km in height and 500 m from 20 to 40 km. Horizontal
resolution 285 m (two shots).

Aerosol products: profiles of extinction,
backscatter, depolarization ratio, lidar
ratio (all with uncertainties), and
aerosol type. Cloud products: IWC,
effective radius, cloud-top height, cloud
and aerosol synergy products with

CPR and MSI.

Cloud profiling 2.5-m antenna. Nadir pointing. 0.095° (3 dB) beam width;
radar (CPR) 660-m ground footprint. Extended Interaction Klystron (EIK),
94.05 GHz 3.3-ps pulses. Pulse repetition frequency 6 100-7500 Hz.

Doppler capability. 500-m vertical resolution, oversampled at
100 m down to | km below the surface. Horizontal sampling

Cloud and vertical motion products.
Synergy with ATLID and MSI: narrow
swath profiles of liquid and ice-cloud
content and extinction, particle size

and concentration, and precipitation

500 m. rates (all with uncertainties).
Multispectral Nadir pushbroom imager with seven channels: 0.670, 0.865, Cloud and aerosol products. Radiances
imager (MSI) 1.65,2.21,8.80, 10.80,and 12.00 ym.To reduce sunglint the used to construct 3D cloud-aerosol

swath is tilted to right of ground track looking forward
along the orbit,so it is 115 km to the right, 35 km to the left.
Sampling 500 m * 500 m at nadir.

scenes around narrow swath of
retrieved profiles, leading to estimates
of radiative flux and heating rate
profiles.

Broadband Channels: 0.25-50 pym, 0.25-4 pm; three fixed telescopes:
radiometer (BBR) nadir, forward, and backward (at 50° viewing zenith
angles). Radiometric accuracy: SW 2.5W m2sr; LW
I.5W m2 sr-'. Mean radiances averaged to 10 km x [0 km
will be oversampled and reported every ~| km along track.

Observed solar and thermal radiances
and their derived fluxes are compared
with those predicted by radiative
transfer models applied to 3D
constructed scenes.

Level 0 (LO) product Raw instrument science packets, ordered in time, with duplicates removed, annotated with quality
flags and time stamps related to the data acquisition at the ground station. For expert users only, not

distributed.

Level 1b (L1b) product  Calibrated instrument data processed to physical units, with error bars, quality flags and geolocations.

Level Ic (L1c) product ~ MSI-only: L1b data re-sampled onto the grid of one selected MSI reference channel.

Level 1d (L1d) product ~ Special/auxiliary products created to support higher-level processing of EarthCARE products. (The

only L1d product is the joint standard grid.)

Level 2 (L2) product Derived geophysical variables, either at the same resolution and location as L1b data (“native grid”)
or re-sampled to a common grid (joint standard grid), with error bars, quality flags and geolocations.

Level 2a (L2a) product  (EarthCARE-specific definition) L2 product derived from one single EarthCARE instrument.

Level 2b (L2b) product  (EarthCARE-specific definition) L2 product synergistically derived from two or more EarthCARE

instruments.




EarthCARE status

BBR

* \Works well
* Validation needs

* 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. Puigdonénech 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!

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




EarthCARE product overview ESA

Overview of the L2 product chain from ESA

Cloud-top, vertically integrated, layerwise Vertical profiles
singles sensor products ATC reroc
eroso
ATLID red box Aerosol Aerosol fraction
Aerosol layer height/depth and classification A 't
CPR greed box Optical thickness erosottype

Extinction
Extinction-to-backscatter ratio
Particle linear depolarisation ratio

Layer-mean extinction-to-backscatter ratio
Layer-mean particle linear depolarisation ratio
Angstrom exponent

Combined products Cloud and precipitation

AM =ATLID + Cloud and precipitation EXt!nthon .
. Extinction-to-backscatter ratio
AC =ATLID + CPR Cloud-top height, phase and type M-COP Effecti di
BM BBR Optical thickness M-AOT Liqeucidlviec;a r:ij: water content
- + . . ’ ’
_ Eifficigviga(::s water path \AM'CTH Snow rate and median diameter
ACM = ATLID + CPR + quIc, 1ce, P AM-ACD Rain rate and median drop size

Surface snow rate

BMA = BBR + + ATLID Surface rain rate

Cloud/precipitation fraction
Cloud/precipitation classification

AC-TC
BM-RAD

ACM-CAP Radiation

Rad.lat.lon ACM-COM Broadband radiances
gad'ztt')"e ;'“XZ-? at TOAt on ACM-RT Radiative fluxes - . o0 o
. . roa and radlances a . .
EGU special issue BMA-FLX Heatingrates 2023, AMT

https://amt.copernicus.org/articles/special_issue1156.html
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Example ESA Target Classification

ATL-TC medium horizontal resolution

combined cloud/aerosol target classification

frame 39316D
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18:46 (UTC)
14:13 (LST)

107: Unknown

106: Unknown

105: Unknown

104: Unknown

102: Unknown

101: Unknown

27: Stratospheric Smoke
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—3: Missing Data
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20: uncertain
19: removed ground clutter; cloud/precip unlikely present in this layer
18: removed ground clutter; poss. cloud in clutter
17: removed ground clutter; poss. snow/mixed-phase precip in clutter
16: removed ground clutter; poss. rain in clutter
15: heavy mixed-phase precip.

14: heavy rain
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Example ESA Target Classification

AC-TC synergetic target classification frame 39316D
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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

AM =ATLID +
AC =ATLID + CPR
BM =BBR+

ACM = ATLID + CPR +
BMA = BBR + + ATLID

Different products!
Different retrievals!

Overview of JAXA L2 products
Cloud-top, vertically integrated, layerwise

Aerosol

Cloud and precipitation

nt | t}
b

Radiation

Sometimes even different parameters! "
Lots of possibilities to validate and compare!

EGU special issue

https://amt.copernicus.org/articles/special_issue1156.html

CCRES/CLU Training school, Munich, 2-5 Sept. 2025
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Cloud and precipitation
MSI ICE Refractivil
MSI_ARL
AC_CLP

ACM CLP
ALL_RAD
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ACM_ICE Tobias Wehr et al., 2023, AMT

Radiation




EarthCARE status validation possibilities

. Operatlng since July —2024

|1 and L2 data available

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

* Download tool ESA:

https://qgithub.com/koenigleon/oads-download

Similar Instrumentation

EarthCARE = ACTRIS

eeeeeeeeeeee

site from space

ACTRIS Cloud Remote Sensing

« Centralised homogeneous
processing

Data Quality control

Good geographical coverage
Cloudnet classification >L2 ready?

Database for EarthCARE validation
« Case study
« Statistical comparison

25 fixed sites

+ mobile facilities
* sites operate

35 and/or 94 GHz radars

CCRES/CLU Training school, Munich, 2-5 Sept. 2025
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Best practice protocol for validation

BEST PRACTICE PROTOCOL
FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION
PROFILES (ACPPV)

BEST PRACTICE PROTOCOL

FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION
PROFILES (ACPPV) CONSORTIUM
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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; GroB, Silke; Baars, Holger; Redemann, Jens;
Marenco, Franco; Baldini, Luca; Tanelli, Simone; Fielding, Mark; Janiskova, Marta;
Tanaka, Toshiyuki; 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, Jeronimo; Moradi, Isaac; Zhang, Jianglong; Juli, Rubin;
Tkuta, 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.
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https://zenodo.org/records/15025627

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 I'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

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



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 I'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 Fjeeraa]

Guidelines on a proper definition of metadata and data formats for Cal/Val archives

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

ACTRIS

CCRES

BEST PRACTICE PROTOCOL

FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION
PROFILES (ACPP\




Best practice protocol for validation

ACTRIS

CCRES

Chapter 5: Guidance for the validation of lidar and aerosol products [Contact: Eleni Marinou, Holger Baars]

FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION

* 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 Janiskov3]
* Key considerations and data quality principles

* Demonstrations of data quality monitoring

Chapter 9: Gaps and Challenges [Contact: Holger Baars]

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



EarthCARE status validation possibilities

Radiation measurements
* Many sites have radiation sensors

EarthCARE instrumentation:
BBR — Broad Band Radiometer

* 14-channel HatPro and possible passive channels from RPG radar
Cloud Radar CPR - zenith at 94 GHz

* Minimum one frequency ATLID —HSRL at 355 nm
* Doppler spectra delabializing > 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 - validation with EarthCARE (Kim et al, 2025, EGU discussion)
Explore and implement multiple frequency approaches

Explore and implement scans

Use Al ML methods to improve microphysical understanding and targeting

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



EarthCARE status validation possibilities

Radiation measurements
* Many sites have radiation sensors

BEST PRACTICE PROTOCOL

FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION
PROFILES (ACPPV)

* 14-channel HatPro and possible passive channels from RPG radar
Cloud Radar

* Minimum one frequency
* Doppler spectra delabializing > 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?

https://zenodo.org/records/15025627

Retrieval of particle sedimentation velocities - validation with EarthCARE (Kim et al, 2025, EGU discussion)
Explore and implement multiple frequency approaches

Explore and implement scans

Use Al ML methods to improve microphysical understanding and targeting

- Discussion: CCRES and the community how and what we want to address...

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



Content

CCRES validation activities

Doppler velocity bias
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CPR validation of
Reflectivity and
Doppler velocity

L2 validation?
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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

the satellite.
If instrumentation is

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-Alesund)

“Golden case”:
* Excellent Ze comparison
» /e 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

CCRES/CLU Training school, Munich, 2-5 Sept. 2025
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EarthCARE reflectivity validation — case study

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

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

CCRES/CLU Training school, Munich, 2-5 Sept. 2025
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EarthCARE reflectivity validation — statistical approach

Nathan Feuillard, Felipe Toledo Bittner, Lukas Pfitzenmaier, Ulrich Lohnert, Ewan O’Conner
Filter the data before the comparison: @ % EMI
. . . . . cnes
* avoid liquid attenuation — only ice clouds
* Adjust sensitivities of the data sets

a. Satellite
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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

--- satellite data
— fit

&
T

20

--- ground data
— fit
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EarthCARE reflectivity validation — statistical approach

Filter the data before the comparison: ¢ @ % EMI
T . . . cnes
* avoid liquid attenuation — only ice clouds

* Adjust sensitivities of the data sets
» statistical test to select comparable data

for each height bin Bias: 3.0 + 2.0 dB
- Center of reflectivity fit (EZenter difference (SateIIiFe - Ground) l|3ias -
ground - ground
" CPR " j corrected CPR  [“
10 10 £,> 10
9 9 9
= good data .
2 8 8 8 %
g 3

5 5 — 5
<

4 T T r T 4 T T 4

-30 =20 -10 0 -5 0 5 -40 -30 =20 -10 0

Reflectivity (dB) Reflectivity (dB) Reflectivity (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...)

EarthCARE CPR L1B reflectivity
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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

Time series for Lindenberg for the period: 2024-12-01-2025-06-01.
Bias over time.

Time series of monthly mean for baseline CA

CPR - ground (dB)

3 months window

2024-12 2025-01 2025-02 2025-03 2025-04 2025-05

All depends on the clouds sampled — might be different results for different seasons.
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EarthCARE Doppler velocity validation — case study

EarthCARE overpass
(15.01.25, Ny-Alesund)

“Golden case’”:

* “Orbital radar” tool shows realistic o

noise characteristics

* Noise along range is less correlated
e Bias L1 to Synthetic~0.1 m s’

9EarthCARE L1 Vm - 20250115

.m
Ty

altitude [km]

Synthetic L1 Vm - 20250115

ER A .
-

altitude [km]

Doppler velocity [m s~1]

S§3round-based Vm - 20250115

o
|

altitude [km]

o
|

Doppler velocity [m s™1]

700
600
500
400 £
3
3008
200

100

altitude [km]
NN
[&)] o (6]

o
o

15:44 1544 1545 1545 1545 15145 1545

time [UTC]
Synthetic L1 Doppler vel - 20250115
_. 75 e — gI-!—f— ——
E ] —
g 50 e _ca =
% 25
0.0
330.0 3325 3350 337.5 340.0 3425 3450 347.5 350.0
along track [km]
Ground-based Doppler vel - 20250115
- I
75 = 1 = _

altitude [km]
N 4
[&)] o

o
o

[ [ [ [ [ |
1520 1530 1540 1550  16:00  16:10

time [UTC]

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

4

> — Orbital radar
, 2 tool +/-25
2§ min around

EarthCARE L1
+/-25 km

distance
from site

overpass

ACTRIS radar
+/-25 min
around
overpass




EarthCARE Doppler velocity validation — case study

EarthCARE overpass
(15.01.25, Ny-Alesund)

“Golden case’”:

for Doppler velocities.
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EarthCARE Doppler velocity validation - statistical approach

Lukas Pfitzenmaier, Nathan Feuillard, Felipe Toledo Bittner, Ulrich Lohnert, Ewan O’Conner
Adopt the method from Protate et al. 2010
Apply filtering to homogenise data:

* With a high noise characteristic 2 only Vm where Ze > -15 dBZ

* Doppler velocity folding

« Orographic effects ]— Site and height dependent filtering (work in progress)

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

altitude [km]

o CPR : V - above -15 dBZ o GROUND : V - above -15 dBZ o Dopplervelocity all data - above -15 dBZ
0.25
0.20 Ot
8 8 84
0.15 i
6 - 010 6 °-2> E 6
2 E 8
4 Tn AN . o.os‘g 8 : 0.1§ 2 ,]
l. L] (u
EarthCARE data ground-based radar |
2 - 2 2 CPR
within a 100 km +/- 1h s GROUND
, around the site .| around the overpass s
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 -2 -1 0 1 2 3
Doppler velocity [m s~1] Doppler velocity [m s~1] Doppler velocity [m s~1]
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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

Doppler velocity bias

bias [m s7!]
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EarthCARE Doppler velocity validation - statistical approach

Temporal evolution of Doppler velocity bias

e Solar radiation heats the CPR antenna =

deformation - Doppler velocity bias
* Monitoring based on sea surface velocity

bias [m s7!]

Doppler velocity bias

Figure 4 from Puigdoménech 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.
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EarthCARE Doppler velocity validation - statistical approach

Doppler compariso§ ASC orbits)ny-alesund - 20241220-20250524

Temporal evolution of Doppler velocity bias

bias [m s7!]
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EarthCARE Doppler velocity validation - statistical approach

Temporal evolution of Doppler velocity bias

e Solar radiation heats the CPR antenna -
deformation - Doppler velocity bias

* Monitoring based on sea surface velocity

ACTRIS monitoring of pointing bias:

bias [m s7!]

In development

Differences between ascending and descending
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EarthCARE Doppler velocity validation - statistical approach

Work in progress: ldentify good and bad cases — adjust filtering of Doppler data — ect

ny-alesund: Reflectivity and Doppler velocity comparison to EarthCARE within 100 km radius at 20250321
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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!

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



EarthCARE CPR tool = synthetic CPR data for all ACTRIS site

Radar reflectivity factor
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Orbital-Radar v1.0.0: a tool to transform suborbital radar
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Abstract. The Earth Cloud, Aerosol and Radiation Explorer
(EarthCARE) satellite developed by the European Space
Agency (ESA) and the Japan Aerospace Exploration Agency
(JAXA) launched in May 2024 carries a novel 94 GHz cloud
profiling radar (CPR) with Doppler capability. This work de-

1 Introduction

Spaceborne radars offer a unique opportunity to monitor
clouds and precipitation globally. For instance, the National
N . A

scribes the open-source instrument simulator Orbital-Radar,
which transforms high-resolution radar data from field obser-
vations or forward simulations of numerical models to CPR
primary and ies. The tra a-
tion accounts for sampling geometry and surface effects. We
demonstrate Orbital-Radar’s ability to provide realistic CPR
views of typical cloud and precipitation scenes. The pre-
sented case studies show small-scale convection, marine stra-
tus clouds, and Al ed-phase cloud cases. These results
provide valuable insights into the capabilities and challenges
of the EarthCARE CPR mission and its advantages over the
CloudSat CPR. Finally, Orbital-Radar allows for evaluating
kil scale ical weather prediction models with
EarthCARE CPR observations. So, Orbital-Radar can gener-
ate calibration and validation (Cal/Val) data sets already pre-
launch. Nevertheless, an evaluation of synthetic CPR output
data to accurate EarthCARE CPR data is missing.

and Space (NASA) CloudSat
Cloud Profiling Radar (CloudSat CPR; Stephens et al.,
2008, 2018) enabled several advances in cloud and precip-
itation physics (Rapp et al., 2013; Stephens et al., 2018;
Battaglia et al., 2020b). In 2024, the next-generation CPR
in space was launched on board the Earth Cloud, Aerosol
and Radiation Explorer (EarthCARE) satellite (Illingworth
etal., 2015; Wehr et al., 2023). The EarthCARE CPR is the
first Doppler radar in space, thus providing the first set of
global Doppler velocity measurements (Kollias et al., 2022).
In addition to the Doppler capability, the EarthCARE CPR
has higher sensitivity than its predecessor (— 35dBZ vs.
—30dBZ) as well as a smaller footprint (0.8km vs. 1.4km)
and shorter along-track integration (500 m vs 1.1 km).
Spaceborne radars operate from platforms that orbit the
Earth at speeds that exceed 7km™" and employ relatively
long pulses to map the vertical structure of hydrometeors in
the atmosphere. The strongest echo a spaceborne radar de-
tects is from the Earth’s surface. Instrument simulators are a
i y for ing for the effects
of the observing system sampling geometry on its perfor-
mance (i.e. detection limit, measurement uncertainty). For
example, Lamer et al. (2020) developed an instrument for-
ward simulator to evaluate the impact of different spaceborne
CPR configurations on our ability to detect low-level clouds

Published by Copernicus Publications on behalf of the European Geosciences Union.
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EarthCARE CPR tool - synthetic CPR data
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Abstract. The Earth Cloud, Aerosol and Radiation Explorer
(EarthCARE) satellite developed by the European Space
Agency (ESA) and the Japan Aerospace Exploration Agency
(JAXA) launched in May 2024 carries a novel 94 GHz cloud
profiling radar (CPR) with Doppler capability. This work de-

1 Introduction

Spaceborne radars offer a unique opportunity to monitor
clouds and precipitation globally. For instance, the National
N . -

scribes the open-source instrument simulator Orbital-Radar,
which transforms high-resolution radar data from field obser-
vations or forward simulations of numerical models to CP]
primary and The tra a-
tion accounts for sampling geometry and surface effects. We
demonstrate Orbital-Radar’s ability to provide realistic CPR
views of typical cloud and precipitation scenes. The pre-
sented case studies show ll-scale convection, marine stra-
tus clouds, and Arctic mixed-phase cloud cases. These results
provide valuable insights into the capabilities and challenges
of the EarthCARE CPR mission and its advantages over the
CloudSat CPR. Finally, Orbital-Radar allows for evaluating
kilometre-scale numerical weather prediction models with
EarthCARE CPR observations. So, Orbital-Radar can gener-
ate calibration and validation (Cal/Val) data sets already pre-
launch. Nevertheless, an evaluation of synthetic CPR output
data to accurate EarthCARE CPR data is missing.

and Space (NASA) CloudSat
Cloud Profiling Radar (CloudSat CPR; Stephens et al.,
2008, 2018) enabled several advances in cloud and precip-
itation physics (Rapp et al., 2013; Stephens et al., 2018;
Battaglia et al., 2020b). In 2024, the next-generation CPR
in space was launched on board the Earth Cloud, Aerosol
and Radiation Explorer (EarthCARE) satellite (Illingworth
etal., 2015; Wehr et al., 2023). The EarthCARE CPR is the
first Doppler radar in space, thus providing the first set of
global Doppler velocity measurements (Kollias et al., 2022).
In addition to the Doppler capability, the EarthCARE CPR
has higher sensitivity than its predecessor (— 35dBZ vs.
—30dBZ) as well as a smaller footprint (0.8 km vs. 1.4km)
and shorter along-track integration (500 m vs 1.1 km).
Spaceborne radars operate from platforms that orbit the
Earth at speeds that exceed 7km™" and employ relatively
long pulses to map the vertical structure of hydrometeors in
the atmosphere. The strongest echo a spaceborne radar de-
tects is from the Earth’s surface. Instrument simulators are a
i y for ing for the effects
of the observing system sampling geometry on its perfor-
mance (i.e. detection limit, measurement uncertainty). For
example, Lamer et al. (2020) developed an instrument for-
ward simulator to evaluate the impact of different spaceborne
CPR configurations on our ability to detect low-level clouds
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EarthCARE tools - software:

oads-download - (L. Kbnig, TROPQOS, 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, ECMWEF, python)
* Datareader 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

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

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

Q uestionSIDiSCUSSion: BEST PRACTICE PROTOCOL

FOR THE VALIDATION OF AEROSOL,
CLOUD, AND PRECIPITATION
PROFILES (ACPPV)

« 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 - validation with
EarthCARE (Kim et al, 2025, EGU discussion)

« Explore and implement multiple frequency approaches
» Explore and implement scans

« Use Al ML methods to improve microphysical understanding and
targeting

https://zenodo.org/records/15025627

= CCRES and the community on how and what
we want to address...

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



Outcome Living Planet Symposium

Usage of Datasets for Al 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 Al
«  What will the algorithms create?
-  We need careful validation.

Discussion?

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

measurement examples for MSI and ATLID
please contact authors of the work for information

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



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

Geostationary SEVIRI/ polar orbiting MODIS (Aqua 30min differences)
30min difference between the overpasses Comparing the cloud masks
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Thanks to Anja Hiinerbein and their colleagues from TROPOS for sharing




ECA EXAD MSI RGR 1C 20250102T132052Z 20250102T145422Z 03401E

SEVIRI 20250102T133011Z 20250102T134243Z

2 Jan 2025, 13:25-13:29 UTC ~ 03401E

MSI| example: M-COP vs SEVIRI
1st EarthCARE in orbit Cal/Val work shop
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01508B

2 Sep 2024, 21:04 UTC

Frame 1508B
Overpass over
PollyXT at
Dushanbe,
Tajikistan

ATLID
nicely
observes
the optically
thick dust
layer

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

Height [km]

Height [km]

w

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

E
3
=
=)
[}
I

Bmie [M-1 sr-1]

Atten.

21:01 21:02 21:03 21:04 21:05 21:06 21:07 21:08 21:09 21:10 21:1 21:12 (UTC)
01:48 01:46 01:44 01:41 01:38 01:34 01:31 01:26 01:21 01:14 01:07 00:56 (LST)
02 Sep 2024
225°N 290°N 355°N 419°N 48.3°N 547°N 61.1°N 67.3°N
724°E 71.0°E 69.4°E 67.7°E 65.7°E 63.2°E 60.0°E 554°E

£ (5]
5] 5]
&
Atten Bxpol [m-1 sr-1]

21:02 21:03 21:04 21:05 21:06 21:.07 21:08 21:09 21:10 21:1 21:12 (UTC)
01:48 01:46 01:44 01:41 01:38 01:34 01:31 01:26 01:21 01:14 01:07 00:56 (LST)
02 Sep 2024
225°N 29.0°N 355°N 41.9°N 48.3°N 54.7°N 61.1°N 67.3°N
724°E 71.0°E 69.4°E 67.7°E 65.7°E 63.2°E 60.0°E 554°E

08

5

06

04

Sigr al ratio from atten.
bsc. xpol and mie

o
)

3 £ i — 5 N {! 0.0
21:01 21:02 21:03 21:04 21:05 21:06 21:.07 21:08 21:09 21:10 21:1 21:12 (UTC)
01:48 01:46 01:44 01:41 01:38 01:34 01:31 01:26 01:21 01:14 01:07 00:56 (LST)

02 Sep 2024

37.7°N
68.9°E

21:04:30
01:39:49

377°N
68.9°E

21:04:30
01:39:49

37.7°N
68.9°E

21:04:30
01:39:49

38.2°N
68.7°E

38.2°N
68.7°E

38.2°N
68.7°E

21:04:40
01:39:19
02 Sep 2024

21:04:40
01:39:19
02 Sep 2024

21:04:40
01:39:19

02 Sep 2024

38.8°N
68.6°E

38.8°N
68.6°E

38.8°N
68.6 E

39.4°N
68.4°E

21:04:50 (UTC)
01:38:47 (LST)

394°N
68.4°E

21:04:50 (UTC)
01:38:47 (LST)

39.4°
68.4°

21:04:50 (UTC)
01:38:47 (LST)

N
Height [km]

0 2 4 6 8
Atten. Bmie [m-1sr-1] x10
8
-7
L6
-5
4
—_— .
= I
-1
T T T T 0
00 05 10 15 20
Atten. Bxpol [m-1 sr-1] x10
8
g- '
-6
5
4
r3
-2
—=< B
T T T T 0
0.0 0.1 0.2 03 04 05

Signal ratio from mean atten.
bsc. xpol and mie

Height [km]

Height [km]



ATLID example:

1t EarthCARE in orbit Cal/Val work sho
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