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Abstract. The satellite mission EarthCARE (Earth Cloud, Aerosol, and Radiation Explorer) of the European Space Agency
(ESA) and the Japan Aerospace Exploration Agency (JAXA) was successfully launched in May 2024. The satellite has four
instruments on board, namely a high-spectral-resolution lidar called ATLID, a Cloud Profiling Doppler Radar (CPR), a Multi-
Spectral Imager (MSI), and a Broad-Band Radiometer (BBR). ATLID provides for the first time directly measured profiles
of the extinction and backscatter coefficient (and thus lidar ratio) together with the depolarization ratio at 355 nm from space.
Since the start of the measurements, several updates in the ESA’s processing chain have been made resulting in different base-
lines of the products. A first homogenized data set for the entire mission duration processed with one algorithm version, namely
Baseline BA, was accomplished in September 2025. We used ground-based multiwavelength-Raman-polarization lidars of Pol-
lyNET operating in the framework of the Aerosol, Clouds and Trace gases Research Infrastructure (ACTRIS) to discuss the
quality of ATLID profiling products based on golden case studies. The PollyNET lidars measure the same geophysical param-
eter as EarthCARE, namely profiles of the particle backscatter coefficient, the particle extinction coefficient, and the particle
linear depolarization ratio at 355 nm. Seven dedicated cases, for which EarthCARE and the ground-based reference system
observed the same atmospheric scene, were selected, spanning several atmospheric conditions (ice clouds, high aerosol load,
pristine conditions) and geographic locations (Tropical Atlantic, Europe, Central Asia, and the pristine Southern Hemisphere).
Our investigations revealed that ATLID has remarkable profiling capabilities with good signal strength and high vertical res-
olution. The ATLID profiling product of ESA’s processing chain, A-EBD, could resolve the vertical structure of the targeted
atmospheric features very well so that the A-EBD backscatter and extinction profiles (at low resolution) matched qualitatively
(and mostly quantitatively) with the ground-based reference observations for most investigated atmospheric conditions. The
intensive particle quantity lidar ratio is retrieved layer-wise and thus not in the same resolution as the backscatter and extinc-
tion products. It matches in many cases with the ground-based reference, but we also detected occasions when the lidar ratio
in certain atmospheric regions was significantly deviating from the reference, which also then affects either the extinction or

backscatter coefficient values. Especially edge effects at the transition of particle layers to clean air seem to be problematic.
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Concerning ATLID’s depolarization ratio, fair agreement was found for strongly scattering and depolarizing features, like ice
clouds — especially during nighttime. For the aerosol regime, however, we confirm significant deviations from the ground ref-
erence and consider the depolarization ratio in Baselines BA and BB as quantitatively not reliable, especially during daytime.
Thus, ATLID’s depolarization ratio of Baselines B can be used to discriminate but not to type atmospheric features.

In conclusion, we can state that ATLID’s optical profiles of Baselines B are ready for scientific exploitation keeping in
mind the reported drawbacks (e.g., depolarization ratio offsets, edge effects, occasional retrieval errors, non-complete quality
flags). EarthCARE data should therefore be intensively quality checked before using for scientific studies. As EarthCARE’s
lifetime was recently foreseen to last for more than 10 years and algorithm development continues, such validation efforts stay

important and complement other respective validation approaches.

1 Introduction

The Earth Cloud, Aerosol, and Radiation Explorer (EarthCARE) is a satellite mission developed by the European Space
Agency (ESA) in cooperation with the Japan Aerospace Exploration Agency (JAXA) which measures vertical profiles of
aerosol, cloud, and precipitation properties together with the top of atmosphere (TOA) radiative fluxes (Wehr et al., 2023). This
Earth Explorer mission was launched in May 2024 and observes the atmosphere using a high-spectral-resolution lidar (HSRL),
a Doppler cloud radar, a multi-spectral imager and a broadband radiometer.

The active instruments (i.e., lidar and radar) provide detailed vertical information on aerosols and clouds with a narrow
footprint (like atmospheric curtains), while the multi-spectral imager gives the horizontal context of the scene (like a carpet) by
measuring spectral radiancies at the top of the atmosphere. Together, these synergistic observations aim to enhance our under-
standing of aerosols, clouds, and radiation and their interactions. Finally, radiative closure with the corresponding broadband
radiometer measurements is envisaged, enabling near—real-time evaluation of the retrieved atmospheric state, with particular
emphasis on cloud and aerosol properties and their radiative effects.

The atmospheric lidar (ATLID) on board EarthCARE is a polarization HSRL operating at a wavelength of 355 nm (do Carmo
etal., 2021). It is the first time that the lidar (extinction-to-backscatter) ratio and the depolarization ratio at this wavelength can
be measured simultaneously and directly from space, allowing for independent aerosol typing (Wandinger et al., 2023a). Being
a novel instrument in space, extensive validation activities for the instrument (Level 1 data), as well as for the derived products
(Level 2 data) are needed (e.g., Kubota et al., 2026; Wandinger et al., 2024).

Amiridis et al. (2025) recently prepared a Best Practice Protocol for the Validation of Aerosol, Cloud, and Precipitation
Profiles measured from space in the framework of the Committee on Earth Observation Satellites (CEOS), taking into account
lessons learned from previous spaceborne lidar activities such as the Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Ob-
servations (CALIPSO) mission launched in 2006 (Winker et al., 2010), the Cloud-Aerosol Transport System (CATS) operating
in 2015 (Yorks et al., 2016), the Aeolus Earth Explorer mission launched in 2018 (Stoffelen et al., 2005; Reitebuch, 2025), and
the Aerosol and Carbon Detection Lidar (ACDL, Dai et al., 2024) on DQ-1 launched in 2022. The authors of the best practice

document intensively discussed the different validation approaches for spaceborne lidars such as:
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— dedicated airborne campaigns (e.g., Rogers et al., 2011; Witschas et al., 2020; Lux et al., 2020; Bedka et al., 2021;
Flamant et al., 2024; Trapon et al., 2025; Gro8 et al., 2026),

— large field campaigns (e.g., Ansmann et al., 2011; Tesche et al., 2013; Weinzierl et al., 2017; Fehr et al., 2023; Marinou
etal., 2023),

— satellite-to-satellite validation (e.g., Redemann et al., 2012; Kim et al., 2013; Feofilov et al., 2022),

— near-real-time (NRT) validation through monitoring in an assimilation system (e.g., Fielding and Janiskova, 2020;

Janiskova and Fielding, 2020; Marseille et al., 2022; Bley et al., 2022),

— statistical comparisons with data from existing ground-based sites and networks (e.g., Pappalardo et al., 2010; Thorsen
etal., 2011; Omar et al., 2013; Papagiannopoulos et al., 2016; Proestakis et al., 2019; Baars et al., 2023; Sun et al., 2023;
Voudouri et al., 2024; Liu et al., 2024),

but also case-study-based analysis (e.g., Mamouri et al., 2009; Wu et al., 2011; Kanitz et al., 2014; Pauly et al., 2019;
Baars et al., 2020, 2021; Gkikas et al., 2023; Paschou et al., 2025)

and how they complement each other.

In this work, we focus on dedicated case studies using ground-based lidars to provide a first overview of the potentials and
limitations of the ATLID profiling products. This case study approach allows us to discuss in detail the features and challenges
of the mission with its complex processing chain with respect to aerosol profiling, and can thus be seen as a complement to the
other validation approaches for EarthCARE. A similar approach was performed by Liu et al. (2024) for the validation of the
novel Chinese spaceborne HSRL at 532 nm (ACDL, Dai et al., 2024) using six overpasses over ground-based lidar stations,
which also demonstrated how valuable the intensive analysis of dedicated case studies for the validation of spaceborne lidar is.

The Leibniz Institute for Tropospheric Research (TROPOS) is strongly involved in the EarthCARE Calibration/Validation
(Cal/Val) activities and operates (mobile) ground-based multiwavelength-Raman-polarization lidar systems (PollyXT, Engel-
mann et al., 2016, 2025) around the globe within the framework of PollyNET (Baars et al., 2016; Heese et al., 2025). All
of these systems are part of ACTRIS/EARLINET (Laj et al., 2024; Pappalardo et al., 2014) and participated in the ATMO-
ACCESS pilot project for the preparation of EarthCARE validation activities (Baars et al., 2024; Marinou et al., 2024). While
the ACTRIS and ATMO-ACCESS ground-based stations cover more than 40 ground-based sites mainly distributed across
Europe, here we concentrate on dedicated golden case studies with PollyNET lidar measurements taken at several locations
around the globe (see Fig. 1) making also use of the ACTRIS mobile facilities OCEANET (shipborne, Bohlmann et al., 2018;
Radenz et al., 2024) and LACROS (land-based, Radenz et al., 2021a). In this way, we provide a first glimpse on the observing
capabilities of ATLID’s geophysical products provided by ESA (see Sec. 2.1) and discuss their potentials as well as current
limitations.

For the validation of ATLID profiling products, seven atmospheric scenes have been carefully selected to cover a wide range

of atmospheric conditions and geographical regions. The observations span from dust and smoke events to ice clouds and very
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Figure 1. Map of locations of ground-based PollyNET lidar observations used for ATLID validation. Map source: NASA/Goddard Space
Flight Center Scientific Visualization Studio. The Blue Marble Next Generation data is courtesy of Reto Stockli (NASA/GSFC) and NASA’s
Earth Observatory.

pristine conditions, covering the Tropical Atlantic, Europe, Central Asia, and the pristine Southern Hemisphere. The selected
case studies are characterized by EarthCARE overpasses in very close vicinity to the ground site (closest distance less than
20 km distance for all except of one) and atmospheric conditions representative for validation according to the discussion of
scene homogeneity (Amiridis et al., 2025).

Both space agencies have set up their own processing chain (e.g., Eisinger et al., 2024; Nishizawa et al., 2026), providing
independent products. In this work, we focus on the products from the processing chain of ESA. In this processing chain,
EarthCARE data is structured into separate levels available for users: Level 1 data comprises calibrated instrument data, while
Level 2 data comprises retrieved geophysical data products. The latter is divided into products using a single instrument only
(L2A) and products utilizing synergistic measurements of 2 or more instruments (L2B). While ATLID Level 1 data (Eisinger
et al., 2024) have been intensively validated in the early phase of the EarthCARE mission (Donovan, 2025; Haarig et al.,
2025b; Donovan et al., 2026; Grof} et al., 2026), the focus of this work is on the ATLID L2A profiling products (Donovan
et al., 2024). We analyzed Baseline BA, i.e., the algorithm version of the ESA EarthCARE processing chain that has been used
to reprocess the entire data set of EarthCARE from August 2024 to September 2025, except for the last case for which the
more recent Baseline BB was already applied. Where possible, we compared the results with earlier baselines to explain and
discuss changes in the retrieval chain, which have been already implemented to improve the products.

The paper is structured as follows: First, ATLID, the ground-based instruments, and their data products are introduced together
with a description of the measurement sites (Sec. 2). Then, seven validation cases are intensively discussed (Sec. 3), before

drawing conclusions on ATLID products of Baseline BA to BB in Sec. 4.
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Figure 2. Overview of the algorithm versions (baselines) deployed for A-PRO from August 2024 until November 2025 (https://portal.maap.

eo.esa.int/earthcare/ec-baseline/, last access 13.3.2026). Dark orange indicated the period of reprocessing with Baseline BA.

2 Instrumentation and data products
2.1 ATLID’s aerosol products

In this work, we analyze the performance of the ESA profiling products derived for ATLID, the high-spectral-resolution and
polarization lidar operating at 355 nm. We focus on the geophysical quantities obtained from ATLID only, i.e., Level 2A
products. Synergistic products, which also use other instruments of EarthCARE, are in the Level 2B product suite but are not
in the focus of this work. To allow for synergistic products, all Level 2A products from the different instruments are calculated
on a Joint Standard Grid with its respective product (X-JSG).

Notable changes in the ATLID product versions, partly based on updated calibration procedures, have taken place over the
entire active mission lifetime and have influenced the product quality. Different product versions are called baselines and are
named in 2 capital letters for the EarthCARE mission. It started with Baseline "AA" and when minor changes were included,
the second letter was changed (e.g., to AB, AC, AD...). Major updates and software versions specifically aimed for data
reprocessing of the entire database result in a change of the first letter and the reset of the second letter starting from "A"
(e.g., BA, CA, DA...). Level 2A data, i.e., single-sensor data, have been publicly released in March 2025 with Baseline AE,
while it was earlier available to official Cal/Val teams (Baseline AC was provided to them already in December 2024). For the
first reprocessing of the entire data set with all algorithm updates since the start of the measurements, Baseline BA was rolled
out in July 2025. This Baseline was used to reprocess the data set, so that one common set of data products is available from
August 2024 to September 2025 to be comparable to each other. An overview of the baselines deployed for the ATLID profiling
products which were available for validation teams is given in Fig. 2. A detailed description of what has changed between the
different baselines can be found in the "EarthCARE product data handbook" at the disclaimer of each product (ESA, 2026).
Aerosol optical profiles, i.e., particle backscatter coefficient, particle extinction coefficient, and particle linear depolarization
ratio from ATLID are calculated by A-PRO (ATLID-PROfile, Donovan et al., 2024) in the ESA product chain for EarthCARE.
A-PRO provides different products (described below). These products depend not only on Level 1 data of ATLID (A-NOM, i.e.,
the attenuated backscatter coefficient profiles for the Rayleigh signal and the co- & cross-polar Mie signals), meteorological

data (X-MET product) and the joint standard grid (X-JSG) but also on the outcome of the feature mask product, A-FM (van
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Zadelhoff et al., 2023), to avoid averaging over strong and weak features together. While a full description of these product
algorithms is beyond the scope of this work, we still want to summarize the main features and differences of the two profiling
products in the following.

In the first profiling product, A-AER (ATLID - Aerosol), the aforementioned optical particle profiles are retrieved via the
classical HSRL method. Guided by A-FM and other considerations (e.g. scattering ratio), a hybrid smoothing is performed
on the three signals: Strong scattering features (like clouds) are smoothed less horizontally than weak scattering features
(like aerosols). Based on the output of this procedure, a classical HSRL approach is applied along-track column-by-column
to the horizontally smoothed signals providing fields of particle extinction and backscatter coefficient and particle lidar and
depolarization ratio for aerosol and clouds. A simple multiple scattering (MS) correction is also applied. The two-dimensional
fields of these products are then stored in the A-AER product file on X-JSG resolution, but one should remember that clouds
are much less smoothed than aerosols regions. The main purpose of the A-AER product is to provide a priori information for
A-EBD.

The second profiling product is A-EBD (ATLID Extinction, Backscatter, and Depolarization) and uses the same input as
A-AER, i.e., A-NOM, X-MET, X-JSG, A-FM, but also the output of A-AER (including an initial target categorization). A-
EBD applies an advanced optimal estimation (OE) scheme to optimize the extinction coefficient and the lidar ratio (and other
variables) to fit the high-resolution observations (i.e. 1-km horizontal scale). The A-AER output, i.e., the lidar ratio, extinction
but also the A-AER target classification are used as a starting point for the OE scheme (if available, otherwise default values
are used). The geophysical products (backscatter, extinction, lidar and depolarization ratio of aerosol and clouds) are finally
delivered at 3 different resolutions (low, medium, and high). The different resolution is, however, only applied to "weak"
scattering features, e.g., aerosol targets, while strong scattering features are always supplied at high resolution. This means,
e.g., that the low-resolution output of A-EBD is on X-JSG grid, but aerosol features are horizontally smoothed to 100 km while
cloud features remain at high resolution (1 km). A multiple scattering correction is applied within the forward model of the
OE scheme and is more accurate than the one applied in A-AER. Please note that within the A-EBD product, the lidar ratio is
provided layer-wise and not in the same vertical resolution as the backscatter and extinction products. A-EBD also provides
the final target categorization (A-TC) at the three different resolutions, but it is foreseen to provide only one resolution of
this product in future. For most applications, A-EBD products are more accurate than the corresponding A-AER products and
should be prioritized. We provided here only a brief description needed for the interpretation of the validation results, a detailed
explanation of these products is given in Donovan et al. (2024).

In this paper, we focus on the analysis of the ATLID profiling products (i.e., A-AER, A-EBD) from Baselines B (i.e., BA
and BB), but, whenever possible (e.g., in Sec. 3.2), we also show the changes introduced due to updated calibrations and
processors with respect to earlier baselines, partly pre-operational and thus not provided to the public. All operational ATLID-
only L2A processors (A-FM, A-PRO, A- LAY, van Zadelhoff et al., 2023; Donovan et al., 2024; Wandinger et al., 2023b) and
their respective products have benefited from early Cal/Val activities and algorithm updates (e.g., Kubota et al., 2026). These
activities will improve the synergistic L2B processors (and their products) as well, such as the synergistic products AM-COL

(Haarig et al., 2023) using both, ATLID and MSI, or the ACM-CAP (Mason et al., 2023) making use of ATLID, MSI, and



Table 1. Overview of observational sites used for the validation of EarthCARE’s ATLID profiling products based on golden case studies.

Name Latitude  Longitude  Altitude Geographical Area Data availability
Mindelo, Cabo Verde 16.878°N  24.995 W 13masl  Outflow region of West Africa since June 2021
Dushanbe, Tajikistan 38.559°N  68.856°E 864 masl Central Asia since June 2019
Leipzig, Germany 51.353°N  12.435°E  125masl Europe since 2006
RV Meteor 3.940°N  35.295°W Smasl Tropical Atlantic 26 Jan 2025
10.849°N  22.262°W Smasl Tropical Atlantic 6 Feb 2025
Invercargill, Aotearoa New Zealand 46.417°S  168.331°E Smasl Southern Ocean since August 2025

165 CPR, until the final radiation closure processors ACMB-DF (Barker et al., 2025) using all 4 instruments onboard EarthCARE.
The algorithm updates include improved corrections (at levels 1 and 2) for radiation noise effects, a hot pixel correction, the
removal of the 20-km spike feature, and improved depolarization ratio calculations, among many others (Donovan, 2025). A
manuscript providing detailed information on this is in preparation (Donovan et al., 2026). Here, we focus on the performance

of ATLID L2A profiling products of Baseline BA (BB) as is, without discussing the corrections themselves.
170 2.2 PollyXT and its data products

As ground-truth we utilize the measurements of the well-established PollyXT lidar systems (multiwavelength-Raman-polarization
lidars, Engelmann et al., 2016) using tailored data products of the PollyNET (Baars et al., 2016) processing chain (Klamt et al.,
2024). The lidar systems are part of the European research infrastructure for aerosol and clouds ACTRIS (Laj et al., 2024),
and follow the quality assurance procedures of this infrastructure originally implemented in the framework of the European
175 Research Lidar Network EARLINET (Pappalardo et al., 2014). To be ready for EarthCARE validation, these lidar systems
took part in the preparation activities in the framework of an ATMO-ACCESS pilot project and proved their readiness already
before the EarthCARE launch (Baars et al., 2024; Marinou et al., 2024). While the capabilities of the different systems slightly
differ (Engelmann et al., 2016; Heese et al., 2025), and are continuously improved over time (Engelmann et al., 2025), all of
the used PollyXT lidar systems operate at 3 wavelengths (355, 532, 1064 nm), have polarization and Raman capabilities, and a
180 dedicated near-range telescope to also cover the lowermost atmosphere. As all systems are part of ACTRIS/EARLINET, they
follow the standard operation and quality assurance procedures, e.g., telecover test and routine A90°calibrations for polar-
ization observations (Freudenthaler, 2008; Wandinger et al., 2016; Freudenthaler, 2016; CARS, 2023a, b). Thus, the systems
provide independent reference profiles of the particle backscatter coefficient, particle extinction coefficient, and particle depo-

larization ratio at (but not only) 355 nm — ATLID’s operating wavelength.
185 2.3 Ground-based lidar stations

For the validation work, we utilize observations from PollyNET lidars at five different locations listed in Table 1 and shown in

Fig. 1 to obtain a broad geographical coverage.
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TROPOS operates permanent PollyNET lidar sites west of continental Africa at Mindelo (Cabo Verde), in Europe at Leipzig
(Germany), and in Central Asia at Dushanbe (Tajikistan). Furthermore, we utilize measurements from two ACTRIS exploratory
platforms hosting a PollyNET lidar, namely OCEANET and LACROS. OCEANET was operated on board the German research
vessel Meteor in the Tropical Atlantic during voyage M207 (Hummels, 2025) in January and February 2025. LACROS started
operating in Invergargill (Aotearoa New Zealand) in August 2025 as part of the goSouth-2 campaign (Seifert et al., 2025). A

brief description of these sites is given in the following sections.
2.3.1 Mindelo, Cabo Verde

The ACTRIS supersite in Cabo Verde in the eastern Tropical Atlantic is located at Mindelo, on the island of Sdo Vicente and
is hosted by the Ocean Science Center Mindelo (OSCM). The aerosol conditions at Mindelo are typically characterized by the
presence of geometrically and optically thick lofted layers of Saharan dust between June and September and a mixture of dust
and biomass-burning aerosol between November and March. Cloud occurrence in the planetary boundary layer (PBL) below

2 km is very common, and cloud formation at the top of the dust layer can sometimes be observed (Gebauer et al., 2024, 2026).
2.3.2 Dushanbe, Tajikistan

The ACTRIS facility at Dushanbe in Tajikistan, Central Asia, is located at an altitude of 864 m above sea level. The facility is
hosted by the National Academy of Science of Tajikistan. Like Cabo Verde, Dushanbe is also located within the global dust
belt, frequently affected by both lofted and close-to-ground dust layers (Miiller et al., 2025). Hofer et al. (2020a, b) showed
that Dushanbe is not only influenced by dust from the classical deserts in Central Asia and beyond, but also by re-suspended
salt and dust originating from numerous desiccating lakes (e.g., Aral Sea). Characterized by a continental climate, the site in

Dushanbe can be described as hot and dry in summer, and cold and dry in winter.
2.3.3 Leipzig, Germany

Regular measurements in Leipzig, Germany, at the premises of the Leibniz Institute for Tropospheric Research, have been
performed since 2000 as part of EARLINET (e.g., Mattis et al., 2004). In 2005, the first continuous observations with Polly
lidars started. Leipzig is characterized by a humid continental temperate climate and meanwhile exposed to only low pollution
levels. Nevertheless, frequent dust plumes from the Sahara are observed from spring to autumn above the local PBL. Recently,
an increasing frequency of observations of smoke, mainly originating from North America, have been made. While some of
these smoke plumes originated from pyrocumulonimbus activity, reaching therefore also the stratosphere and persisting for
months (Baars et al., 2019), many smoke layers are observed in the free troposphere with several levels of intensity (e.g.,

Haarig et al., 2018; Gast et al., 2025).
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2.3.4 OCEANET, ship-borne, Atlantic Ocean

At the beginning of 2025, a 5-week research voyage with the German Research Vessel Meteor took place in the Tropical At-
lantic. On board was TROPOS’ OCEANET facility, a sea-proof ACTRIS exploratory platform also operating a PollyXT lidar
(Rittmeister et al., 2017; Bohlmann et al., 2018). The voyage started on 4 January in Belem, Brazil, and finally reached Min-
delo, Cabo Verde, about 5 weeks later after studying the oceanographic and meteorological processes in the Tropical Atlantic,
focusing on the western boundary circulation and long-term measurements of the Atlantic Meridional Overturning Circulation
(GEOMAR, 2025a, b). Next to its primary science objectives, four direct rendezvous with EarthCARE were accomplished, for
which the ship cruised along the EarthCARE ground-track for several hours centered around the exact overfly time (Hummels,
2025). The atmospheric conditions during these overpasses were complex, ranging from convective cloud cover with precipi-
tation to fair weather cumuli conditions and cloud-free scenarios with smoke-dust plume occurrences. Two of these overpasses

are analyzed in detail below.
2.3.5 LACROS, Invercargill/Waihopai, Aotearoa New Zealand

On 22 August 2025, first light was emitted into the atmosphere above Invercargill/Waihopai, Aotearoa New Zealand, by the
PollyXT system installed within the mobile ACTRIS platform LACROS. The measurements are taken in cooperation with the
MetService/Te Ratonga Tirorangi of Aotearoa New Zealand in the framework of the goSouth-2 campaign to investigate the
clean Southern Ocean atmosphere, and also its vulnerability to aerosol advection from other sources, and are foreseen to run
until 31 March 2027 (Seifert et al., 2025). In terms of aerosols, the region at the southern tip of Aotearoa New Zealand’s South
Island/Te Waipounamu is unique: it is one of the most unspoiled and yet still accessible regions in the world mainly influenced
by marine emissions only. Occasionally, there are also episodes with dusty and anthropogenically polluted air when air masses

approach from Australia.

3 Validation of ATLID Level 2 aerosol profiling products

Direct comparisons of the aerosol optical properties (backscatter and extinction coefficients, lidar and depolarization ratio at
355 nm) are being made between the ground-based reference PollyXT and ESA Level-2 profiling products of ATLID, namely
the A-AER and A-EBD products (Donovan et al., 2024) at different resolutions for the full reprocessed data set with Baseline
BA covering August 2024 to September 2025. Nevertheless, algorithm development continues constantly and thus, for the latest
case (at Invercargill/Waihopai, Aotearoa New Zealand) Baseline version BB is applied. However, changes from BA to BB are
considered minor for A-AER and A-EBD products. We screened the co-located observations for overpasses in close vicinity
(shortest distance between ground-site and EarthCARE ground track < 20 km for all except one case study) and appropriate
atmospheric conditions to select seven case studies for a detailed discussion on the potentials and limitations of ATLID profiling
products of Baselines B. The closest available profile from the respective ATLID product was then used for comparison. The

selected case studies cover several predominant aerosol types, atmospheric conditions, and geographical regions to discuss



Table 2. Overview of the seven analyzed case studies.

Case/ Observation Date Atmospheric Consistency | Key Findings/Issues tackled
Section Area characteristics w. ATLID
1 Mindelo, 1 June Pronounced Saharan Good A-AER and A-EBD low-resolution products perform excellently
Sec. 3.1 Cabo Verde 2025 dust layer over marine within the SAL, except for overestimating the depolarization ratio out-
boundary layer, high side the dust peak. In the marine BL, ATLID overestimates lidar ratio.
aerosol load Comparison of all profiling products.
2 Dushanbe, 2 Sep Central Asian Dust Good Excellent overall agreement for Baseline BA, except for slight depo-
Sec. 3.2 Tajikistan 2024 trapped between high larization ratio overestimation. Improvements from Baseline AC to
mountains, medium BA discussed.
aerosol load
3 Leipzig, 26 June Mixed dust and Problematic | Oscillations due to abug in the joint standard grid. Lidar ratios are
Sec. 3.3 Germany 2025 continental/marine too high due to disturbed A-AER retrieval reflected in the A-EBD
aerosol in a complex backscatter and extinction values. Profile shape does qualitatively
heterogeneous agree very well for all provided products, but depolarization ratios are
environment not reliable in low backscatter signal regimes. Edge effects become
visible as well as unrealistic low error estimates.
4 Leipzig, 5 July Continental aerosol Moderate Backscatter and extinction are in fair agreement. Lidar ratio deviating
Sec. 3.4 Germany 2025 and tropospheric below 1.8 km and partly show unrealistic values. Depolarization ratio
smoke, spatially affected by edge effects and partly overestimated but generally low.
homogeneous
conditions
5 RV Meteor, 26 Jan Tropical high-altitude Good in In Cirrus: Agreement in terms of backscatter and depolarization ratio
Sec.3.5.1 Tropical 2025 Cirrus, perfect Cirrus for BA. Significant improvement from Baseline AC to BA discussed
Atlantic co-location, complex for such strongly depolarizing targets. But edge effects appear with
atm. conditions below Baseline BA for Cirrus and aerosol layers. Error estimates partly too
3.3 km low.
6 RV Meteor, 6 Feb Smoke—dust mix Moderate Extinction and backscatter profiles are similar for BA and AC and in
Sec.3.5.2|  Tropical 2025 from Africa up to 3 perfect agreement to ground-based truth for lofted layer. Depolariza-
Atlantic km above marine BL, tion values are too high for such BA in moderately polarizing regimes.
daytime observations
7 Southern 24 Oct Pristine (AOD ~ Moderate Medium- and high- resolution A-EBD products in excellent agree-
Sec. 3.6 Aotearoa 2025 0.03) but highly ment for backscatter and extinction. Lidar ratios agree well except
New variable environment below 1km where values are too low. Depolarization ratio products
Zealand are not reliable in these pristine conditions.

a wide spectrum of EarthCARE capabilities. In the following, we investigate cases with mineral dust (Saharan dust at Cabo
Verde and Central Asian dust at Dushanbe), marine aerosol (Cabo Verde), smoke (Leipzig), aerosol mixtures (Atlantic Ocean
and Leipzig), cirrus (Atlantic Ocean), and clean background conditions (Aotearoa New Zealand) to cover almost all particle
250 types listed in Wandinger et al. (2023a) and Floutsi et al. (2023). To guide the reader, the main features of the discuss