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Abstract
In December 2013, a multiwavelength elastic (|| and

_|_) and RAMAN LIDAR (LILAS: Lille Lidar
AtmosphereS) has been assembled and started regular
observation in LOA atmospheric platform located in Lille
with the main objective to improve aerosol
characterization in various atmospheric conditions. We
present both the characteristics of this new instrument, the
first data and data processing methodologies used to
invert aerosol properties from the combination of LIDAR
and sun/sky photometer (BASIC and GRASP-GARRLIC
approaches).

1 Introduction
Many atmospheric stations have vertical sounding

capabilities thanks to LIDAR system. LOA atmospheric
station, located in the Campus of University of Lille 1, is
one of them, thanks to vertical soundings performed, since
2006, on a routine basis [1]. Several studies have
demonstrated the relevance to combine sun/sky
photometer and LIDAR observation to monitor aerosol
characteristics [1,2]. In LOA station, both automatic
sun/sky photometer and automatic elastic back-scattering
CAML (Cloud Aerosol Micro Lidar, one wavelength 532
nm) are operated for long time. However, recently
(December 2013), LILAS, a multiwavelength and Raman
LIDAR has been assembled in the framework of a
cooperation between PICS (Russia), CIMEL-Avanced
monitor SME and LOA and started regular observation.
Lille atmosphere is mainly composed of urban and
industrial aerosols. However, biomass burning particles
(Canada) and mineral dust particles (Sahara region) events
are detected several times a year thanks to LIDAR
observations. Volcanic ash particles have been rarely
detected with the noticeable exception in 2010.
Nevertheless the amount and accuracy of the height-
dependent aerosol properties remain limited due the
reduced amount of information provided by mono-
wavelength CAML. For this reasons LOA recently setup a
more powerful LIDAR system to enable measurement of
more relevant aerosol parameters such as fine/coarse
modes, LIDAR ratio and single scattering albedo vertical
distributions. In this paper, we present LILAS main

characteristics, as well as the methodology to retrieve
aerosol optical and microphysical properties in under
cloud free conditions or in the vicinity of cloud.

2 Instrumentation
LIL S presented in Figure. 1 was designed for more

precise observation. LILAS has 9 wavelengths – 3 Raman,
3 elastic and 3 depolarized. Pulse energy for all emitting
wavelengths is close to 100mJ. More LILAS's
characteristics are presented in Table 1.

Figure 1 LILAS system (telescope, LASER, RADAR and
acquisition system).

Energy(1064/532/355 nm) 100/100/100 mJ

Pulse Width 5-8 nsec

Divergence 0.5 mrad

Beam Diameter after
collimation

50 mm

Beam Pointing 100 ± μrad

Rate repetition 20 Hz

Telescope Newton 0.4 m

Range resolution 7.5 m

Elastic scattering 355, 532, 1064 nm

Nitrogen Raman Scattering 387, 608 nm

Raman Scattering water wapor 408 nm

Depolarisation channels 532, 355, 1064 nm

Table 1 Instrument characteristics
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3 Methodology and preliminary results
Our methodology is based on the use of the coincident

measurements from LIDAR (single or multiwavelength
irradiances) and sun/sky-photometer (spectral Aerosol
Optical Depth (AOD) and radiances). Two codes have
been considered in our study to process LIDAR data. First
of them called BASIC [1] is based on Klett method
constrained by sun-photometer AOD and provide aerosols
extinction profile at 532 nm and an effective LIDAR ratio.
In this case, spectral angular radiances measured by the
sun/sky photometer are not used.

For inverting simultaneously all measurements
performed by LIDAR and sun/sky photometers GARRLiC
(Generalized Aerosol Retrieval from Radiometer and Lidar
Combined data) code has been recently developed [2]. In
this case, a set of aerosol parameters describing both
columnar and vertical aerosol properties are derived.
Depending on the available technologies (single or
multiwavelength LIDAR) and observation scenario (AOD
and/or sky radiance), different aerosol properties can be
derived. For example, if LIDAR operates only at one
wavelength then, using the entire measurements provided
by sun/sky-photometer, vertical distribution of coarse and
fine mode particles cannot be retrieved. Conversely, when
multiwavelength LIDAR measurements are performed
(355, 532 and 1064 nm) vertical distribution of coarse and
fine mode particles but also vertical distribution of single-
scattering albedo, LIDAR ratio can be retrieved.

In our preliminary work both BASIC and GARRLiC are
used only for elastic channels but, in the future, the 2
Raman channels and 3 depolarized channels (355, 532 and
1064nm) will be accounted for in the retrieval scheme.

3.1 Preliminary results
During the initial setup phase (December 2013 – April

2014) LILAS system operated in Lille station with only 2
elastic channels (355 and 532 nm) including additional
depolarization measurement at 355 nm. Time series of
extinction (532nm) and Angström exponent (355/532)
inverted following BASIC approach are presented in
Figures 2 and 3. The data have been acquired at the
beginning of February 2014 (4th). The atmosphere was
cloud-free from 9 to 10:30 UTC, average AOD at 532 nm
and Angström exponent around 0.08 and 0.3 (440/870)
respectively, according to sunphotometer measurements
(AERONET). Moreover, the AERONET size distribution
retrieved at 9h is dominated by coarse mode particles
which is consistent with the low Angström exponent
measured by the sunphotometer. In cloud free condition
LIDAR ratio varied between 20 and 55 sr and mean value
equal 33 sr (Figure 4). It corresponds maritime particles or
less absorbing urban particles [3]. Backtrajectory analysis
shows that air mass came from Atlantic ocean cross North
coast of France.

Figure 2 Time series of aerosol extinction coefficient (km-1) at
532 nm for 04/02/2014 (LILAS).

Figure 3 Time series of aerosol Angström exponent (355/532
nm) for 04/02/2014.

Aerosol vertical profiles show that aerosols are all
located in the boundary layer (<1500m). The vertical
profile of the Angström exponent (<0.5 for altitude below
1000 m) clearly indicates domination of coarse particles in
the boundary layer. This result is in agreement with the
columnar value measured by the sunphotometer.

Additionally, we observed a good agreement between
extinction measured by LILAS and CAML, both data
inverted with BASIC algorithm [4].

Figure 4 Time series of retrieved LIDAR ratio at 532 nm for
04/02/2014.

3.2 Data processing with GARRLiC
As mentioned above, GARRLiC algorithm inverts

coincident LIDAR and sunphotometer (AOD and sky
radiances) observations. Both data types enhance
information about each other, LIDAR improve sensitivity
to the columnar properties and photometer observation
derive amount and type of aerosol. GARRLiC code is a
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part of GRASP (Generalized Retrieval of Aerosol & Surface
Properties) project [5].  GRASP is the general code for
processing ground-based and satellite measurements and
their combination. Although GARRLIC is designed for
processing multi-wavelength LIDAR data, it can also be
used for processing mono-wavelength CAML LIDAR and
AERONET data. Example of results is presented on Figure
5.

Measured and inverted LIDAR signals show good
agreement. But for separation coarse and fine modes of
particles needed LIDAR observations from three
wavelengths. Analysis of various atmospheric conditions
(clear sky, polluted and near cloud situations) from CAML
and LILAS instruments will be presented during the
conference.

4 Conclusion / perspectives
First results of LILAS were shown. The instrument is

designed to provide detailed information on aerosols in
various conditions. Several numerical inversion codes
were used to retrieve aerosol properties. Preliminary
analysis is shown here. Both inversion codes and
instrumentation will be implemented. There are ongoing
development GARRLIC methodology that will use a larger
set of observations and will retrieve altitude dependent
parameters such as LIDAR ratio, concentrations of coarse
and fine mode particles, extinction and backscatter
coefficients, single scattering albedo, size distribution as
well as all column integrated properties like the ones
provided by the current AERONET inversion scheme.

Figure 5 CAML retrieval of LIDAR signal (blue –
measurements; red – retrieved) and size distribution (green –
AERONET retrieval without LIDAR data, black – retrieval with
CAML LIDAR data) by GARRLiC algorithm for 07/07/2013.

In the near future, LILAS observations will contribute to
ORAURE national observatory (http://www.icare.univ-
lille1.fr/drupal/?q=/oraure/) and to EARLINET-ACTRIS in

the coming years.  LILAS will be deployed during several
field campaigns in 2014 (China, Beijing) and 2015 (Senegal,
Dakar) in the Framework of CaPPA (http://labex-
cappa.univ-lille1.fr/).
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