PV N
§ o f"‘» = ..I
AN UNIVERSITY
p b= [
wNa=li¥s) OF COLOGNE
D T
ﬂ_y W

THE GROUND-BASED ACTRIS CLOUD REMOTE
SENSING NETWORK AND ITS USE FOR THE
VALIDATION OF EARTHCARE SATELLITE
OBSERVATIONS

Bernhard Pospichal, Lukas Pfitzenmaier, Nathan Feuillard, Felipe Toledo-Bittner, Martial
Haeffelin, Ewan O'Connor, Pavlos Kollias, Ulrich Lohnert

DACH Conference Bern 2025 24.06.2025



ACTRIS — Aerosol Cloud and Trace Gases Research Infrastructure

ACTRIS = fundamental European research infrastructure for short-lived atmospheric constituents

ACTRIS provides highly reliable information on

* the four-dimensional distribution of aerosol, clouds and reactive trace
gases, including long-term trends

* the processes that control the life cycles of short-lived atmospheric
constituents

ACTRIS

* is a distributed pan-European research infrastructure

* provides effective access for a wide user community

* is part of the ESFRI Roadmap since 2016 and Landmark since 2021
* was established as ERIC on 25 April 2023

https://www.actris.eu/
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ACTRIS — Aerosol Cloud and Trace Gases Research Infrastructure

Six observational components

AlS ARS
CIS CRS
RTGIS RTGRS
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ACTRIS cloud remote sensing

Cloudnet started about 20 years ago as a EU project,

now Cloudnet is part of ACTRIS

Products: Cloudnet target classification (cloud and

precipitation types)
Cloud liquid water and ice water content
Further synergy products in development

e \Water vapor profiles

Profiles of the 3D wind vector

Precipitation type (polarimetric radar variables)

Boundary-layer height
e Boundary-layer classification

e Combined Aerosol/Cloud target classification
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Introduction to CCRES and CLU

The Centre for Cloud Remote Sensing (CCRES) is one of 6 components in ACTRIS
- Provides operational services for long-term harmonized observations of the
atmospheric column and cloud properties through instrument synergy

Data handling is performed by a dedicated data centre unit (CLU) that operates the Cloudnet
data portal (https://cloudnet.fmi.fi/)
- CLU performs data versioning, data provision and archiving and also handles the
synergistic cloud classification and processing algorithm Cloudnet

OUR INSTRUMENTS .
Click on the 5 CCRES instruments to know more about the methods and procedures available: Amﬂunt Df raw data (83 TI B)

20TiB

. . 15TiB
/
10TiB

Doppler Microwave Doppler Low power Disdrometer 5TIB
Cloud Radar radiometer lidar lidar and

ceilometer

0TE

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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https://cloudnet.fmi.fi/

ACTRIS Cloud Remote Sensing (CRS) network

ACTRIS Centre for Cloud Remote Sensing is composed of four Units; operating in France, the

Netherlands, Germany and Finland.
e
},/’

CCRES-FI

CCRES-FR CCRES-NL

Unit Head: Martial Haeffelin Unit Head: Herman Russchenberg Unit Head: Bernhard Pospichal Unit Head: Ewan O'Connor
Expertise: Doppler Cloud Radar, Expertise: Doppler Cloud Radar, Expertise: Microwave radiometer Expertise: Doppler lidar
Disdrometer, Ceilometer Ceilometer

CRS National Facilities are beneficiaries of CCRES and CLU services : 25 observational platforms and 2
mobile stations

ACTRIS cloud remote sensing network :
O has good geographical coverage
1 automated data quality controlled and centrally processed
4
d

cloud radar calibration using reference radar & stability monitoring using disdrometer drop size
distributions

cloud radar + microwave radiometer + backscatter lidar
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Cloud remote sensing national facilities

~25 National Facilities
across Europe and
beyond, ~20 currently
(nearly) operational
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CCRES data centre unit CLU

Cloudnet data portal (https://cloudnet.fmi.fi/)

Automated data transfer from NF to CLU
1 Most stations in RRT (< 3 hours)

Immediate QA/QC and processing

1 Synergy to diagnose target type
1 Geophysical cloud products

Instrument database

1 Calibration factors
1 Monitoring (-> CCRES)

FAIR data

1 Provenance, versioning, licence
1 Data published with DOI
1 Citation and acknowledgements

APIs to access all services
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https://cloudnet.fmi.fi/

Cal/Vval for EarthCARE satellite mission

EarthCARE satellite ACTRIS remote senin Ny
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Why ACTRIS is a perfect tool for EarthCARE validation:

« 25 fixed sites + mobile facilities = good geographical
coverage

« Automated data quality control and central data
processing

« ACTRIS Centre for Cloud Remote Sensing =2
monitoring of data quality

« Cloud radar calibration using a reference radar
(Jorquera, 2023)

« Reflectivity monitoring using disdrometers

« Instrumental Synergy: radar + microwave radiometer +
backscatter lidar - cloud target classification - |

. . BNt 15 £ 630" \ ;
EarthCARE L2 cloud product validation i GlA s e S
| ! (,l; i:l‘JOYCE iuhch Meteo Towe\r
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Method: Comparison of data from overpasses within a 150 Ko

km radius of the site and +1 hour zenith-pointing
observations (Protat et al., 2010).
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Synthetic EarthCARE CPR data
for each ACTRIS site

Geosci. Model Dev., 18, 101-115, 2025
https://doi.org/10.5194/gmd-18-101-2025

© Author(s) 2025. This work is distributed under
the Creative Commons Attribution 4.0 License.
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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-
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 measurements and uncertainties. The transforma-
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 Aretic 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/Valy data sets already pre-
launch. Nevertheless, an evaluation of synthetic CPR output
data to accurate EarthCARE CPR data is missing.

1 Introduction

Spaceborne radars offer a unique opportunity to monitor
clouds and precipitation globally. For instance, the National
Aeronautics and Space Administration (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 EathCARE 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 1.1km).
Spaceborne radars operate from platforms that orbit the
Earth at speeds that exceed Tkm ™' 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
1l 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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Tool: For validation, a CPR
forward simulator was
developed to compare ground-
based and satellite radar
reflectivity and Doppler velocity
data.
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Abstract. The Earth Cloud, Aerosol and Radiation Explorer 1 Introduction

(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-
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 measurements and uncertainties. The transforma-
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 Aretic 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/Valy data sets already pre-
launch. Nevertheless, an evaluation of synthetic CPR output
data to accurate EarthCARE CPR data is missing.

Spaceborne radars offer a unique opportunity to monitor
clouds and precipitation globally. For instance, the National
ics and Space ini (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 EathCARE 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 1.1km).
Spaceborne radars operate from platforms that orbit the
Earth at speeds that exceed Tkm ™' 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
1l 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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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-
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 measurements and uncertainties. The transforma-
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 Aretic 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/Valy data sets already pre-
launch. Nevertheless, an evaluation of synthetic CPR output
data to accurate EarthCARE CPR data is missing.
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EarthCARE CPR Case Study — NyAlesund 15 January 2025 15:44:48
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Statistical validation of CPR Reflectivity vs. ground site

« Methodology to evaluate the data before the comparison:

*  Fitting a Lorentzian model to the data to test hypothesis of statistical similarity

*  Filtering based on the width, amplitude and distribution mean

Ze-validation example: Lindenberg, Germany, Baseline CA:
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Initial results indicate that
the calibration changes of
the CPR are evident
through the employed
method.

Cross-validation of Ze
values from CPR and
ground-based radars
reveals an excellent state of
the ACTRIS cloud radar
calibration.
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altitude [km]

Long-term analysis of vertical Doppler velocity (statistics)
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* nyalesund
+ hyytiala
+ lindenberg
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Dopplervelocity all data - above -15 dBZ
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Variation of the Doppler velocity offset with time

CPR antenna miss-pointing causes a Doppler velocity

bias (depends on the solar radiation hitting the CPR
antenna, Puigdoménech Treserras et al., 2025).

- ACTRIS can validate pointing and its correction

ACTRIS



Results: Doppler velocity validation

Site Vm bias (BA) | Vm bias (BB) @ Vm bias (CA, 2025) @ Vm bias (CA, all)
Work in progress! Next steps:
: Prog P : Ny Alesund 0.65 ms-? ms-1 0.14 mst 0.17 mst
« Validate L2a CPR data against A
ground-based radar data | Hyytiaia 0.40 ms 0.25 ms' 0.16 ms™ 0.26 ms™
. +
« Compare our methoq with ol | Lindenberg 0.59 ms-t 0.43 ms-t 0.06 ms-1 -0.21 ms-t
other Doppler velocity Z
validation results Cabauw 0.65mst 0.33ms™? 0.48 ms™t 0.42 mst
 Monitor the ground_based Julich 0.29 ms+ No ngaugh 0.27 ms1 0.26 ms-
radar pointing O
% Palaiseau 0.53 ms1 0.47 ms1 -0.05 ms™! 0.28 ms1
: ©
Oues“ons 9 Munich 0.19 ms+t 0.44 mst
o ()
What can we lead from >| | Galau 0.49 ms-! 0.34 ms-! 0.24 ms™ -0.09 ms
temporal variation of the —
) i Ol Bucharest 0.71 ms 0.46 ms™t 0.08 ms-1 0.08 ms-
Doppler velocity offsets in L1? -
+ Monitoring of the CPR antenna 3| | Potenza 0.16 ms* 0.32ms*
pointing? g Granada 0.44 ms! ms-1 -0.34 ms! 0.01 ms-?
Z
Mindelo No enough No enough No enough data No enough data
data data
f OF COLOGNE Neumayer 0.18 mst 0.42 mst 0.39 mst -0.31 mst
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Access to CCRES/CLU web-based services

Website Public Purpose Content
ACTRIS EU ACTRIS Link with General information about ACTRIS and
_ . _ : ACTRIS EU L
https://www.actris.eutopic | community . CCRES, communication and events
al-centre/ccres commun |ty
Access to Resources and access to CCRES new
Cloud CCRES ) . :
: operational services (SOPs, instrument
CCRES Remote operational Lo L .
\ : ) calibration monitoring, housekeeping data,
Services Sensing services, : :
National rechnical monthly. data quality ang{yses, docu.mel.’ltatlon
https://ccres.aeris-data.fr/ FaCilitiES Website (Working on Ser\g(é?;E)Sal-g(lj_Spsee?gligsrg\:grur;:gitlon on
tool)
All CloudNet Data processing and curation service for
CloudNet Data Lsers ground-based cloud remote sensing
Portal (NFs Access to data measurements.
https://cloudnet fmi.fi Scienti s:t ) Includes CLU services and some CCRES

services (e.g. instrument database).
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https://www.actris.eu/topical-centre/ccres
https://www.actris.eu/topical-centre/ccres
https://ccres.aeris-data.fr/
https://cloudnet.fmi.fi/

Summary

e ACTRIS Cloud Remote Sensing Network provides continuous high-quality
observations of clouds and their properties

e 15 -> 25 |ocations in Europe and beyond

e VValuable dataset for studies on cloud microphysics, cloud statistics, model
evaluation, parameterization development, satellite validation

e EarthCARE = Cloudnet in space, launched in 2024

e Validation of EarthCARE CPR (radar) shows promising results

e First results show very good calibration status of ground-based radars
e Biases in Doppler velocity need to be further investigated

e Further evaluation of EarthCARE products in progress

A UNIVERSITY

" OF COLOGNE ACTRIS




	Folie 1: The ground-based ACTRIS Cloud Remote Sensing network and its use for the validation of EarthCARE satellite observations
	Folie 2: ACTRIS – Aerosol Cloud and Trace Gases Research Infrastructure 
	Folie 3: ACTRIS – Aerosol Cloud and Trace Gases Research Infrastructure    Six observational components
	Folie 4: ACTRIS cloud remote sensing
	Folie 5: Introduction to CCRES and CLU
	Folie 6: ACTRIS Cloud Remote Sensing (CRS) network
	Folie 7: Cloud remote sensing national facilities
	Folie 8: CCRES data centre unit CLU
	Folie 9: Cal/Val for EarthCARE satellite mission
	Folie 10: Why ACTRIS is a perfect tool for EarthCARE validation:
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 17: Statistical validation of CPR Reflectivity vs. ground site
	Folie 18
	Folie 19
	Folie 20
	Folie 21: Access to CCRES/CLU web-based services
	Folie 22: Summary

