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What is Cloudnet?

DATA PORTAL
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ACTRIS

Processing and archiving service for ground-
based cloud remote sensing data
(~20 active sites)

Cloud remote sensing component of
ACTRIS research infrastructure

—— > cloudnet.fmi.fi
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Ground-based radars in Cloudnet

Active cloud radars as of March 2025:

14 RPG FMCW 94 Ghz
11 MIRA 35 GHz
3 RPG FMCW 35 GHz
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Abstract. The Earth Cloud. Aerosol and Radiation Explorer
(EanthCARE) 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-
the open-source instrument simulator Orbital-Radar,

hich transforms high-resol dar 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 o provide realistic CPR
views of typical cloud and precpiation scees. The pre-

s 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 obserations. 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 EathCARE CPR data is missing.

1 Introduction

Spacchome radars offer a unique opportu ty to monior
clouds and precipitation globally.

Aeronautics and Space Administration (N; em 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 (EathCARE) satellite (Illingworth
etal., 2015; Wehr et al., 2023). The EathCARE 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 sensitivi predecessor (- 35dBZ vs.
~30dBZ) as well as a smaller footprint (0.8km vs. 1.4km)

and employ relatively
long pulses to map the \um,al structure of hydrometeors in
the atmosphere. The strongest echo a spaceborne radar de-
tects is from the Earth’s surface. Instrument simulators are
well-established methodology for accounting for the effects
of the observing system sampling geometry on s perfor-

ward simulator to evaluate the impact of different ip'\CLhnmL
CPR configurations on our ability 10 detect low-level clouds

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Examples of close overpasses

EarthCARE CPR L1 data (vCA) within 5 km of the site
Cloudnet data 5 min before and after the overpass
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Lindenberg 2025-01-14
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= Cloudnet (synthetic)
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Differences (all matching heights)

Mean difference: 0.38 dBZ (STD: 9.43)

Mean difference: 0.26 m/s (STD: 1.19)

—20 ~10 0 10 20
EarthCARE - Cloudnet (dBZ)

-2 0 2
EarthCARE - Cloudnet (m/s)

Overpasses < 50 km (n =111)
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Sub-orbitalto orbitaltool operational
* Inrealtime
« Allsites

 Use to evaluate EarthCARE data directly with overpasses
* Determine suitable averaging radius

 Alsouse to investigate impact of long pulse on cloud
boundaries over larger ground-based datasets
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Attenuation correction

Height (km AGL)

Cloudnet radar data is corrected for gas
and liquid water attenuation. Now, we
have initial implementation for rain and

melting layer attenuation.
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Ground-based radars in Cloudnet

Active cloud radars as of March 2025:

14 RPG FMCW 94 Ghz
11 MIRA 35 GHz
3 RPG FMCW 35 GHz
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Folding in ground-based measurements
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Folding: tricky cases
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10000

8000

6000 1

4000

2000 4

-7.5 =50 -2.5 0.0 2.5 5.0
Velocity (m s~1)

Range (m)

18000

16000

14000

12000 +

10000 -

8000

6000

4000 -

2000 -

Velocity (m s71)



Conclusion

e Sub-orbital to orbital tool operational for all sites

e Method for dealiasing ground-based radar
measurements in testing — works > 95 % of profiles

e Reliable attenuation correction of ground-based data
will substantially increase proportion of data available
for comparison

2nd ESA-JAXA EarthCARE In-Orbit Validation Workshop | 17 — 20 March 2025 | ESA-ESRIN | Frascati (Rome), Italy



Next steps

e Implement operational dealiasing method for ground-
based radar measurements — with status flags

e Validate attenuation corrections, including radome

e Extend validation to cloud classification

2nd ESA-JAXA EarthCARE In-Orbit Validation Workshop | 17 — 20 March 2025 | ESA-ESRIN | Frascati (Rome), Italy
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