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Aeolus, the world’s first space-based Doppler wind lidar, has provided almost five years’ worth of global horizontal line-of-sight wind observations, which led to positive impact by
near-real-time assimilation in numerical weather prediction. We aim to identify and then correct remaining systematic differences (i.e., biases) between Aeolus winds and NWP model
background winds to increase Aeolus’s impact further in future assimilation of reprocessed data. Currently, measurements are grouped by a scene classification algorithm to use the
best wind retrieval algorithm. It is expected that misclassification may negatively influence measurement error and bias. In addition, segregating scenes with heterogeneous optical
properties may further improve wind processing. Recently, a feature mask algorithm developed for EarthCARE has been added to the Aeolus data processing chain to improve scene
classification and as a pre-launch EarthCARE algorithm test. In this work the current Aeolus clear/cloudy scene classification is compared to the new AEL-FM feature mask. The aim is to
improve the classification and grouping of the Aeolus measurements to improve the retrieved winds, and to further test the feature mask algorithm for EarthCARE.

Aeolus
• Horizontal line-of-sight wind is measured with the Doppler wind lidar

technique. The Atmospheric LAser Doppler INstrument (ALADIN), operat-
ing at 355nm, uses a variationof theHigh-Spectral-Resolution Lidar (HSRL)
technique to detect the Doppler shift of the attenuated backscatter return
signal, which is induced by atmospheric movements with respect to the
satellite. An example backscatter spectrum is given in Fig. 3.

• The atmospheric backscatter, from air molecules and particles (see Fig. 4),
is measured in two separate main detection channels, referred to as the
(molecular) Rayleigh and (particulate) Mie channel.

• Wind retrieval is performed for an accumulation of measurements. The
construction of accumulations of a certain ‘atmospheric class’ is one of the
main features of the L2B processing.

Figure 1: Aeolus Figure 2: EarthCARE
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Figure 3: Doppler shift in a normal-
ized ideal frequency spectrum of Ae-
olus lidar backscatter.

−5.0 −2.5 0.0 2.5 5.0
Frequency (GHz)

0

1

Sp
ec

tr
al

 d
en

si
ty

 (n
or

m
.)

Molecular
Particulate

Figure 4: Idealized molecular
(Rayleigh) and particulate (Mie)
components.

EarthCARE
• The joint ESA-JAXA mission EarthCARE (Earth Cloud, Aerosol and Radiation

Explorer) utilizes a lidar as one of its four measurement systems.
• To make accurate retrievals of extinction and backscatter of clouds and

aerosols, algorithms have been developed to address the low signal-to-
noise ratio (SNR) of the lidar signal by devising suitable data binning.

• To help guide data binning and smoothing performed in the ATLID profile
retrieval algorithm (A-PRO), the ATLID feature mask (A-FM) algorithm pro-
vides a probability mask whether a pixel contains clouds and/or aerosols:
a feature mask.

Data and methods
• For eachAeolus accumulation, thewindbias (differencebetweenmeasure-

ment and NWP model) can be found. An example is given in Fig. 5 from the
dataset of September 2020 as part of the 4th reprocessing (baseline 16).

• The classification module of the L2B processor is modified to rely on the
L2A AEL-FM feature mask.

• Feature mask indices 9 and 10 are classified as cloudy, 0 – 8 as clear and -3 –
-1 as undefined. The feature mask on the Mie altitude grid is mapped onto
the Rayleigh altitude grid. Uppermost altitude bins with no corresponding
Mie bin are not included in the consecutive processing.

• Averaged wind bias for each feature mask index is shown in Fig. 10,
weighted by the occurrence of the index inside the corresponding accumu-
lations. The total occurrence of each feature mask index is also shown.

• The number of valid winds (Fig. 12), their average bias (Fig. 13) and their
average estimated error (Fig. 14) are compared between L2B processing on
the ‘sandbox’ (denoted ‘generated test’), the original L2Bprocessor and the
modified L2Bprocessor, the latter including classificationbasedon the fea-
ture mask.
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Figure 5: Measured wind speed and bias based on the original L2B processor Figure 6: Measured wind speed and bias based on the modified L2B processor

Figure 7: Original classification Figure 8: Feature mask Figure 9: Feature mask-based classification

Scene classification
• For high SNR, Mie channel measurements require strong particulate

backscatter. Rayleigh channel measurements are best in clear air, avoid-
ing particulate backscatter. Strong particulate backscatter contaminates
the Rayleigh channel signal and requires an imperfect correction.

• The scene classification of the Rayleigh channel is currently based on the
Mie channel SNR. Where Rayleigh bins overlap with Mie bins, this proce-
dure is used based on a SNR threshold of 10. At higher altitudes, Rayleigh
bins are classified as clear (i.e., threshold of 0). Valid Mie channel data is
classified as cloudy. The classification ‘cloudy’ is intended to encompass all
particulate scattering, including hydrometeors and aerosols, while ‘clear’
is intended to mean no particulate, only molecular, scattering.

Average bias per feature mask index

Figure 10: Average bias per feature mask index

Figure 11: Average bias per feature mask index, around zero bias

Conclusion
• Rayleigh clear classification may include thin cloud (or aerosol) features

next to ‘clear sky’, but the impact on average bias is minor. The largest av-
erage bias is found for a Rayleigh cloudy classification.

• With the modified L2B processor, in the presented case the polar strato-
spheric cloud is classified as (Rayleigh) cloudy instead of clear.

• The ‘removal’ of Rayleigh clear classification from attenuated signal below
clouds may have a beneficial effect on the wind bias.

• The results from the modified L2B processor show small shifts in number
of winds from Rayleigh clear to cloudy, and from Mie cloudy to clear.

• Moreover, the absolute value of the average bias as well as the average es-
timated error decrease for the modified L2B processor.

Feature mask
• The feature mask is developed to ensure ‘strong’ and ‘weak’ signals are

not mixed. Thus, making a distinction between i) strongly and ii) weakly
backscattering regions, and iii) clear sky regions.

• A-FM defines coherent atmospheric structures (i.e., ‘features’) based on
two complementary image processing techniques.

• For scene classification in theAeoluswindprocessing, a versionof theA-FM
algorithm has been implemented in the Aeolus L2A operational processor,
named AEL-FM. The result is shown in the upper panel of Fig. 8.

Results from the original and modified processors

Figure 12: Number of winds

Figure 13: Average bias
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