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The Earth Cloud, Aerosol and Radiation Explorer (Earth-
CARE; Illingworth et al., 2015) is a joint ESA–JAXA satel-
lite mission whose launch is planned for May 2024. With the
climate crisis becoming ever more acute, coupled with an in-
creased occurrence of extreme events, the need to improve
both weather forecasts and climate projections has never
been greater. Cloud, aerosol and radiation processes remain
key areas of uncertainty in climate modelling; moreover, in
recent years, we have seen the advent of global kilometre-
scale convection-resolving models that are in urgent need
of evaluation at a commensurate level of detail and resolu-
tion. With the decommissioning of NASA’s CloudSat and
CALIPSO satellites in 2023, the launch of EarthCARE could
therefore not come at a more opportune time. The unique as-
pect of EarthCARE compared with all previous missions is
the combination of novel instruments on one platform work-
ing in synergy, not only to retrieve more accurate properties
of clouds, aerosols and precipitation but also to provide in-
dependent in-orbit verification of their impact on radiative
fluxes. EarthCARE also includes, for the first time, the abil-
ity to sense vertical motion at convective scales from space
(e.g. Hagihara et al., 2023). The data will be available in
near-real time, enabling them to be assimilated into forecast
models (Janisková and Fielding, 2020). In addition, it will
be possible to provide a near-continuous climate record of
clouds and aerosols spanning from CloudSat and CALIPSO
through to EarthCARE (Feofilov et al., 2023; Okamoto et
al., 2020).

The papers in this special issue of Atmospheric Measure-
ment Techniques provide potential users with a detailed de-
scription of the algorithms that will be run operationally
on the EarthCARE measurements as well as the meteoro-
logical products that will be produced. Wehr et al. (2023)
describe in detail the unique instrumental payload, includ-
ing a Doppler cloud radar, a high-spectral-resolution lidar
(HSRL), a multi-spectral imager and a three-view broad-
band radiometer, while Eisinger et al. (2024) describe the
flow of data, from the Level-1 raw observational and auxil-
iary datasets to the Level-2a single-instrument products and
Level-2b multi-instrument products, as well as providing a
complete list of references to the algorithms to be run op-
erationally on EarthCARE data. In order to test the sci-
entific and technical functioning of the algorithms before
launch, synthetic Level-1 measurements have been generated
from simulations by the Nonhydrostatic Icosahedral Atmo-
spheric Model (NICAM) and the combination of simulations
by the Canadian Global Environmental Model (GEM) and
the Copernicus Atmosphere Monitoring Service (CAMS),
using a suite of sophisticated instrument simulators (Qu et
al., 2023; Roh et al., 2023; Donovan et al., 2023). With
many of the subsequent papers using the simulated scenes
to demonstrate the performance of a particular algorithm, it
has also been possible to perform a preliminary intercom-
parison of the various algorithms (Mason et al., 2024). Em-
barking four instruments on the same platform, while hugely
challenging, presents unique opportunities to exploit instru-
ment synergy to distinguish the multitude of cloud, aerosol
and precipitation particle types in the atmosphere as well as
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Figure 1. Dr Tobias Wehr, ESA EarthCARE mission scientist,
2006–2023 (image courtesy of Abby Wehr).

to infer key microphysical and radiative properties (e.g. Ma-
son et al., 2023; Haarig et al., 2023), such as particle size.
Moreover, as part of the routine processing of the observa-
tions, both 1D and 3D radiative transfer calculations will be
performed on the retrievals (Cole et al., 2023) and compared
to the broadband radiation observations, aiming for “radia-
tive closure”: a complete, radiatively consistent description
of the atmosphere beneath the satellite. This has never be-
fore been attempted as part of the standard data processing
of a meteorological satellite, yet it has the potential to be im-
mensely powerful for evaluating and improving climate and
weather models, enabling not only diagnosis of radiative er-
rors in models but also their specific causes in terms of cloud
and aerosol properties.

Each of us on the editorial team of this special issue have
been involved in preparation for the launch of EarthCARE
for at least 17 years; thus, we are acutely aware that the suc-
cess of such a complex endeavour is dependent on not only
the scientists involved but also the dedication of a very large
team of engineers and others. EarthCARE’s 25-year path
from original concept to completed satellite awaiting launch
has been a rocky one, for much of this time with at least
one of the four instruments having severe problems. Guid-
ing us through most of this journey has been ESA’s Earth-

CARE mission scientist, Dr Tobias Wehr (Fig. 1), who trag-
ically passed away on 1 February 2023 at the age of 57. His
passion, wisdom and diplomacy have been critical to over-
coming all of these challenges without any compromise on
the original mission concept built around the synergy of four
instruments. Thanks to Tobias’s unwavering vision, Earth-
CARE is a hugely ambitious mission, with a processing chain
far more complex than any of ESA’s previous Earth Explorer
satellites. We are extremely grateful for his many years of
dogged support to the scientists developing the algorithms
described in this special issue and are, therefore, honoured to
dedicate it to his memory.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

References

Cole, J. N. S., Barker, H. W., Qu, Z., Villefranque, N., and Shep-
hard, M. W.: Broadband radiative quantities for the Earth-
CARE mission: the ACM-COM and ACM-RT products, At-
mos. Meas. Tech., 16, 4271–4288, https://doi.org/10.5194/amt-
16-4271-2023, 2023.

Donovan, D. P., Kollias, P., Velázquez Blázquez, A., and van Zadel-
hoff, G.-J.: The generation of EarthCARE L1 test data sets us-
ing atmospheric model data sets, Atmos. Meas. Tech., 16, 5327–
5356, https://doi.org/10.5194/amt-16-5327-2023, 2023.

Eisinger, M., Marnas, F., Wallace, K., Kubota, T., Tomiyama, N.,
Ohno, Y., Tanaka, T., Tomita, E., Wehr, T., and Bernaerts, D.: The
EarthCARE mission: science data processing chain overview,
Atmos. Meas. Tech., 17, 839–862, https://doi.org/10.5194/amt-
17-839-2024, 2024.

Feofilov, A. G., Chepfer, H., Noël, V., and Szczap, F.: Incorporating
EarthCARE observations into a multi-lidar cloud climate record:
the ATLID (Atmospheric Lidar) cloud climate product, At-
mos. Meas. Tech., 16, 3363–3390, https://doi.org/10.5194/amt-
16-3363-2023, 2023.

Haarig, M., Hünerbein, A., Wandinger, U., Docter, N., Bley,
S., Donovan, D., and van Zadelhoff, G.-J.: Cloud top
heights and aerosol columnar properties from combined Earth-
CARE lidar and imager observations: the AM-CTH and
AM-ACD products, Atmos. Meas. Tech., 16, 5953–5975,
https://doi.org/10.5194/amt-16-5953-2023, 2023.

Hagihara, Y., Ohno, Y., Horie, H., Roh, W., Satoh, M., and
Kubota, T.: Global evaluation of Doppler velocity errors
of EarthCARE cloud-profiling radar using a global storm-
resolving simulation, Atmos. Meas. Tech., 16, 3211–3219,
https://doi.org/10.5194/amt-16-3211-2023, 2023.

Illingworth, A. J., Barker, H. W., Beljaars, A., Ceccaldi, M., Chep-
fer, H., Clerbaux, N., Cole, J., Delanoë, J., Domenech, C., Dono-
van, D. P., Fukuda, S., Hirakata, M., Hogan, R. J., Huener-
bein, A., Kollias, P., Kubota, T., Nakajima, T., Nakajima, T. Y.,

Atmos. Meas. Tech., 17, 3081–3083, 2024 https://doi.org/10.5194/amt-17-3081-2024

https://doi.org/10.5194/amt-16-4271-2023
https://doi.org/10.5194/amt-16-4271-2023
https://doi.org/10.5194/amt-16-5327-2023
https://doi.org/10.5194/amt-17-839-2024
https://doi.org/10.5194/amt-17-839-2024
https://doi.org/10.5194/amt-16-3363-2023
https://doi.org/10.5194/amt-16-3363-2023
https://doi.org/10.5194/amt-16-5953-2023
https://doi.org/10.5194/amt-16-3211-2023


R. J. Hogan et al.: Editorial in memory of Tobias Wehr 3083

Nishizawa, T., Ohno, Y., Okamoto, H., Oki, R., Sato, K., Satoh,
M., Shephard, M. W., Velázquez-Blázquez, A., Wandinger, U.,
Wehr, T., and van Zadelhoff, G.-J.: The EarthCARE satellite: The
next step forward in global measurements of clouds, aerosols,
precipitation, and radiation, B. Am. Meteorol. Soc., 96, 1311–
1332, https://doi.org/10.1175/BAMS-D-12-00227.1, 2015.

Janisková, M. and Fielding, M. D.: Direct 4D-Var assimilation of
space-borne cloud radar and lidar observations – 2: Impact on
analysis and subsequent forecast, Q. J. Roy. Meteor. Soc., 146,
3900–3916, https://doi.org/10.1002/qj.3879, 2020.

Mason, S. L., Hogan, R. J., Bozzo, A., and Pounder, N. L.: A unified
synergistic retrieval of clouds, aerosols, and precipitation from
EarthCARE: the ACM-CAP product, Atmos. Meas. Tech., 16,
3459–3486, https://doi.org/10.5194/amt-16-3459-2023, 2023.

Mason, S. L., Barker, H. W., Cole, J. N. S., Docter, N., Donovan,
D. P., Hogan, R. J., Hünerbein, A., Kollias, P., Puigdomènech
Treserras, B., Qu, Z., Wandinger, U., and van Zadelhoff, G.-
J.: An intercomparison of EarthCARE cloud, aerosol, and pre-
cipitation retrieval products, Atmos. Meas. Tech., 17, 875–898,
https://doi.org/10.5194/amt-17-875-2024, 2024.

Okamoto, H., Sato, K., Borovoi, A., Ishimoto, H., Masuda,
K., Konoshonkin, A., and Kustova, N.: Wavelength depen-
dence of ice cloud backscatter properties for space-borne po-
larization lidar applications, Opt. Express, 28, 29178–29191,
https://doi.org/10.1364/OE.400510, 2020.

Qu, Z., Donovan, D. P., Barker, H. W., Cole, J. N. S., Shephard, M.
W., and Huijnen, V.: Numerical model generation of test frames
for pre-launch studies of EarthCARE’s retrieval algorithms and
data management system, Atmos. Meas. Tech., 16, 4927–4946,
https://doi.org/10.5194/amt-16-4927-2023, 2023.

Roh, W., Satoh, M., Hashino, T., Matsugishi, S., Nasuno, T., and
Kubota, T.: Introduction to EarthCARE synthetic data using
a global storm-resolving simulation, Atmos. Meas. Tech., 16,
3331–3344, https://doi.org/10.5194/amt-16-3331-2023, 2023.

Wehr, T., Kubota, T., Tzeremes, G., Wallace, K., Nakatsuka, H.,
Ohno, Y., Koopman, R., Rusli, S., Kikuchi, M., Eisinger, M.,
Tanaka, T., Taga, M., Deghaye, P., Tomita, E., and Bernaerts,
D.: The EarthCARE mission – science and system overview, At-
mos. Meas. Tech., 16, 3581–3608, https://doi.org/10.5194/amt-
16-3581-2023, 2023.

https://doi.org/10.5194/amt-17-3081-2024 Atmos. Meas. Tech., 17, 3081–3083, 2024

https://doi.org/10.1175/BAMS-D-12-00227.1
https://doi.org/10.1002/qj.3879
https://doi.org/10.5194/amt-16-3459-2023
https://doi.org/10.5194/amt-17-875-2024
https://doi.org/10.1364/OE.400510
https://doi.org/10.5194/amt-16-4927-2023
https://doi.org/10.5194/amt-16-3331-2023
https://doi.org/10.5194/amt-16-3581-2023
https://doi.org/10.5194/amt-16-3581-2023

	Disclaimer
	References

