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The Atmospheric Laser Doppler Instrument (ALADIN) onboard Aeolus was the world’s
first space-based Doppler wind lidar to acquire global wind profiles. Aeolus was
launched in 2018 and re-entered in 2023. ALADIN was a high spectral resolution lidar
operating at 355 nm and its design was optimized for wind observations, however,
cloud and aerosol information can also be retrieved from the attenuated backscatter
signals. We have evaluated the AEL-FM and AEL-PRO aerosol products in the L2A

products using CALIPSO measurements.

1. Aeolus aerosol product

Aeolus Level 2A aerosol/cloud optical products
include products from several algorithms, such
as the SCA and MLE algorithms. The AEL-FM
and AEL-PRO algorithms used in the L2A were
adapted from the ATLID feature mask (A-FM)
and ATLID profile retrieval (A-PRO) algorithms.
AEL-FM and AEL-PRO focus on the challenge of
making accurate retrievals of cloud and aerosol
extinction and backscatter profiles specifically
addressing the low SNR nature of the lidar
signals and the need for intelligent
binning/averaging of the data. The
improvements and lessons learned from the
AEL-FM and AEL-PRO algorithms were also
beneficial for the testing of the ATLID
algorithms before the launch of EarthCARE.

2. AEL-FM and AEL-PRO

prototype

AEL-FM derives a feature mask using a hybrid
median filter technique to identify strong
features and a FFT-based iterative
convolution technique to identify weaker
features. AEL-FM converts the ATB Mie and
Ray to detection probabilities using an error
function, respectively. AEL-PRO retrieves
aerosol and cloud extinction coefficient
profile and lidar ratio profile using optimal
estimation. The state factors include
extinction coefficients, lidar ratios, particle
effective radii, calibration coefficients. Figs.1-
3 showed evaluation results for FM-A data
processed using the prototype codes.
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Figure 1. .Comparison of Aeolus orbit 646 on 2 October 2018
and collocated CALIPSO orbit (UTC 11:09:51 to 11:23:19) for
feature masks, (a) CALIPSO vertical feature mask version 4.51
standard daytime (b) Aeolus feature mask, (c) Aeolus Mie
attenuated backscatter (Wang et al. 2024, AMT).
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Figure 4. Aeolus
orbit #10568 and
CALIPSO feature
mask on 2020-06-
19. MODIS image
shows dust plume
over ocean.
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Figure 2. Comparison of Aeolus orbit 646 on 2 October 2000 4000
2018 and collocated CALIPSO orbit for extinction
coefficient profiles, (a) CALIPSO tropospheric aerosol
extinction coefficient profiles (L2 5 km aerosol profiles
v4.51), (b) Aeolus extinction coefficient profiles for all
measurements, (c) Aeolus extinction coefficient profiles (c, d).

for tropospheric aerosols, (d) Aeolus lidar ratios for Aeolus mean lat=24.993634 lon=328.084497
tropospheric aerosols with extinction coefficients greater ‘

than 1.0 x10-5 m-1 . The purple symbols mark the
tropopause heights in km. The thin black contours
indicate the atmospheric temperatures (unit K). The
thick black line represents the surface heights (unit km).
CALIPSO extinction coefficients are at 532 nm. Aeolus
extinction coefficients and lidar ratios are at 355 nm.
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Figure 5. AEL-FM feature mask (upper), AEL-PRO extinction

coefficient profile (middle) and lidar ratio (lower) for Aeolus
orbit #10568 on 2020-06-19. Colors are the same as Fig. 2
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Figure 6. Mean
extinction profile along
orbit from 5 to 25 degree
latitude for Aeolus orbit
#10568 and collocated
CALIPSO orbit. Same
orbits as in Figs. 4-5.
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A simple classification is provided in AEL-
PRO to separate clouds and aerosols. Figure
5 shows that the AEL-PRO extinction profile
for aerosols selected using the simple
classification is closer to the CALIPSO
aerosol extinction profile.

4. Summary

The AEL-FM feature mask and AEL-PRO
extinction coefficient and lidar-ratio
profiles in the B16 reprocessing
campaign L2A data are in good shape.
All products are provided at Mie
measurement altitude grid for every
along-track pixel. The thin ice clouds
and aerosols are representative at the
campaign for the entire Aeolus observation scale. See the AEL-FM/AEL-
measurements. The reprocessing results PRO ATBD for more information

have been verified and validated. Figures 4-6 (Donovan et al., 2024).

show the evaluation of the AEL-FM and AEL-
PRO products in the B16 reprocessed data.

Figure 3. Scatter plots of Aeolus tropospheric aerosol
optical thickness versus CALIPSO tropospheric aerosol
optical thickness for (a) October 2018 and (b) May 2019,
in the region of longitude -10 to 50 E, latitude 0 to 30 N.
The colorbar indicates the number of data points on a
logarithmic scale. CALIPSO AOTs are corrected to 355
nm. Aeolus AOTs are at 355 nm.

3. AEL-FM and AEL-PRO in B16

reprocessing campaign L2A
AEL-FM and AEL-PRO products were for the
first time available in the B16 reprocessing

Aeolus B16 reprocessing campaign L2A data are available at
https://aeolus-ds.eo.esa.int/oads/access/collection

Donovan et al., 2024, AEL-FM, AEL-PRO ATBD https://earth.esa.int/documents/d/earth-online/
aeolus-level-2a-algorithm-theoretical-baseline-document-ael-fm-and-ael-pro- products .
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