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ABSTRACT
Ready for launch by the end of 2016, the
Doppler lidar mission AEOLUS from the
European Space Agency (ESA) will be the first
High-Spectral Resolution Lidar (HSRL) in space.
Operating in the UV, it implements two
detection channels for aerosol and molecular
backscatter. The system is primarily designed
for the measurement of winds, but the HSRL
capability enables the measurement of the
particulate
backscatter
and
extinction
coefficients without any a priori assumption on
the aerosol type. The level-2A (L2A) processor
has been developed for these measurements and
tested with synthetic data. The results show
good aerosol backscatter profiles can be
retrieved. Extinction coefficients are reasonable
but do not reach the quality of backscatter
coefficients. A precise, full, radiometric
calibration of the lidar is required. A major
limitation of the system is a single polarization
component of the light is detected leading to an
underestimation of backscatter coefficients when
the atmospheric particles are depolarizing. The
vertical resolution goes from 250 meters in the
lowest part of the atmosphere, to 2 km in the
lower stratosphere. The maximum altitude can
reach above 20km. The basic horizontal
averaging is 90km. Averaging on shorter
distances (down to a few km) are possible but
require a sufficient signal to noise ratio.
1. INTRODUCTION
The space-based Doppler mission AEOLUS of
the European Space Agency should be ready for
launch in the late 2016 or early 2017. It should
be the first Doppler lidar in space able to

measure winds over the globe throughout the
entire depth of the atmosphere (from the ground
up to 25km or 30km). Wind measurements will
be delivered in quasi real-time and assimilated
by numerical weather prediction systems of
meteorological services. They should improve
the quality of weather forecasts, in particular in
the tropics and at high altitudes where wind
observations are otherwise scarce. The single
instrument aboard AEOLUS is the directdetection Doppler lidar ALADIN. ALADIN
operates a UV laser emitting 80 mJ pulses at the
rate of 50s-1. It implements two sequential
detection channels. The light is first passed
through a narrow-band Fizeau interferometer,
and the reflection on the Fizeau is transmitted
through a large-band, double Fabry-Pérot. The
Fizeau resolves the narrow-band spectrum of the
aerosol backscatter, while the contrast of the
light fluxes transmitted through the two FPs is
converted into a wind Doppler shift as proposed
in the late 80s by Chanin et al. [3]. ALADIN is
thus a High-Spectral-Resolution Lidar (HSRL).
Although it has been designed for wind
measurements, the signals it detects bear
information on the optical properties of
atmospheric particles, either aerosols or
hydrometeors. As demonstrated in [4] and [5],
this information can be retrieved without making
any a priori assumption on the aerosol
Backscatter-to-Extinction Ratio (BER). Here the
BER is measured by the lidar that can then not
only quantify the aerosol properties of the
atmosphere but also give a qualitative
information on the aerosol type. This kind of
information is very interesting for the scientific
studies on the impact of aerosols on climate
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change and could also be assimilated by
numerical models predicting air quality on a
global scale as it is done in the frame of the
European
GMES-MACC
service
(see
http://www.gmes-atmosphere.eu).

Due to the transmission characteristics of the
detectors, � < � and � < � , the molecular
and aerosol backscatter contributions can be
separated after a crosstalk correction:

2. METHODOLOGY
The spectrum of the light received by the lidar
consists of a broad spectrum of molecular
backscatter and a narrow spectrum of particle
backscatter. It passes through 3 interferometers.
One is a narrow band Fizeau filter, the two
others are broad-band Fabry-Perot filters located
on either side of the laser frequency. The power
transmitted through the Fizeau (SFiz) and the sum
of the powers transmitted through the two
Fabry-Pérot filters (SFP)can be written:
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The operation requires a good calibration of the
lidar. The molecular backscatter
and
�
extinction � are known functions of the air
density that a numerical weather prediction
model can predict with a good precision. It
therefore remains two unknowns: the height-bin
average aerosol backscatter ̂��� and the heightbin average aerosol extinction ̂��� � . Both can
thus be determined for each height-bin.

� +

As the receiver is transmitting a single
polarization parallel to the laser emission, the
backscatter coefficients above are for this single
polarization.
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3. RESULTS
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When the molecular and aerosol backscatter
contributions have been separated, the heightbin average aerosol properties can be retrieved.
The L2A processor provides users with several
products derived from the backscatter and the
extinction coefficients: local optical depth,
scattering ratio, backscatter-to-extinction ratio.
In order to evaluate the performance of the chain
of ADM-Aeolus processors, an end-to-end
simulator (E2S) has been developed by ESA to
simulate the Rayleigh and Mie signals received
in the double Fabry-Pérot and the Fizeau
interferometers. The L2A processor has been
evaluated for different atmospheric scenarios
from simple to complex scenes observed during
the NASA’s LITE (Lidar In-space Technology
Experiment) experiment. By comparing the
aerosol properties retrieved by the L2A to the
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Here, � is the emitted laser energy, � is the
distance from the satellite to the altitude � along
the line-of-sight, � and ��� are the molecular
and aerosol backscatter coefficients,
� and
��� are the molecular and aerosol extinction
coefficients, and � , � , � and � are calibration
constants. The signals recorded by the lidar are
integrated in 24 height-bins [� , � + ] of
thicknesses varying from 250m in the lowest
part of the atmosphere to 2km in the lower
stratosphere:
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averaging at shorter distance requires a good
signal-to-noise ratio.

input profiles used in the E2S to simulate the
lidar signals, the expected accuracy of the
aerosol properties can be studied. The L2A
processor is expected to retrieve the backscatter
coefficient and the scattering ratio with a good
accuracy in cirrus clouds and boundary layers.
Relative deviations from the true values are
within 20 to 50 % with an average of 20 % in
cirrus clouds (figure 2) and 20 to 45 % in the
boundary
layer.
Oscillations
between
overestimation
and
underestimation
are
observed in the retrieval of the extinction
coefficient due to the iterative algorithm used to
derive this parameter. However, the overall
shape of the aerosol and cloud layers is well
captured by the L2A. Relative deviations for the
extinction are within 20 to 60 % in cirrus layers
(figure 1) and boundary layer aerosols with an
average error of 45 % in layers with an
extinction coefficient higher than approximately
1.10-4 m-1. For small values of extinction,
retrieval errors up to 80 % or more are observed.
The retrieval inside and below opaque clouds is
limited by the strong attenuation of the lidar
signal (figures 1 and 2).
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4. CONCLUSIONS
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Figure 1: Left panel: Extinction profile retrieved
by the L2A (red line) compared to the E2S input profile (gray area). The estimation of the retrieval
uncertainties mainly due to the photon counting noise is shown for each layer as horizontal black line.
Right panel: Relative deviation between the L2A retrieval and the E2S input profile (black crosses). The
ratio of the E2S extinction value to the maximum value found over the profile is also displayed in gray
area.

Figure 2: Left panel: Backscatter profile retrieved by the L2A (red line) compared to the E2S input profile
(gray area). The estimation of the retrieval uncertainties mainly due to the photon counting noise is shown
for each layer as horizontal black line. Right panel: Relative deviation between the L2A retrieval and the
E2S input profile (black crosses). The ratio of the E2S backscatter value to the maximum value found
over the profile is also displayed in gray area.
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