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Abstract
In this contribution, the polarization and spectral

properties of atmospheric nonspherical particles, such as
sub-micrometer desert dust or sea-salt particles, are
addressed with UV-VIS polarization lidar backscattering
field measurements. We show that three-component
particles external mixtures can be partitioned into their
nonspherical components, by numerically simulating the
backscattering and depolarization properties of desert dust
and sea-salt particles, using T-matrix numerical code. This
combined methodology is new, as opposed to the
traditional approach using lidar and T-matrix separately. It
may be useful for radiative forcing assessment.

1 Introduction

Backscattering and extinction of laser light by
atmospheric particles are the two physical processes in
lidar remote sensing. The most frequently observed
situation is relative to long-range transport by advection
from a source region to a place where intrusion episodes
occur. In this case, particles are highly dispersed and aged,
and their size and their shape may be different from those
observed in the source region. Hence, a complex vertical
layering is generally observed at remote sites, in the form
of two/three component particle mixtures. The case of two-
component particles mixture has already been published
in the literature by applying the scattering matrix
formalism [1]. Here, we address the case of a three-
component particle mixtures, as encountered during
Saharan dust outbreaks, where desert dust (dd) particles
mix with sea-salt (ss) particles and water-soluble (ws)
species. We here develop a new methodology to retrieve
range-resolved backscattering profiles, specific to each
particles component in such a particles mixture (p) = {dd,
ss, ws}. For this, a 2λ-polarization lidar is operated in
combination with T-matrix numerical simulations specific
to each nonspherical particles component, i.e. for dust then
for sea-salt particles [2]. In Section 2, we present the
polarization lidar and its link with the scattering matrix
formalism. Then, in Section 3, T-matrix numerical
simulations are performed on dust then sea-salt particles
to combine both approaches in Section 4 where our new
methodology is presented and applied.

2 Polarization lidar and scattering matrix

A polarization lidar experiment is sensitive to size-
averaged particle backscattering cross-sections, which
define the so-called volume particles backscattering
coefficient βp (in Mm-1sr-1):
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where the integral is performed over the particles size
distribution (PSD) and the polarization π = {//,} is defined
with respect to the incident laser linear polarization, np

representing the particles number density. The particles
depolarization ratio δp is then defined as βp,/βp,//.  Using
Equation (1), the link between the polarization lidar and
the scattering matrix F can be addressed as follows [1, 3]:

,// 11, 22, , 11, 22,( ) / 2 ( ) / 2p p p p p pF F F F      (2)

where F11,p and F22,p are the two non-vanishing scattering
matrix elements for randomly-oriented particles, which
depend on the particles size, shape and refractive index.
The Lyon UV-VIS polarization lidar remote sensing
experiment has been extensively described in [4]. In a few
words, this elastic backscattering lidar operates at λUV =
355 nm and λVIS = 532 nm, and its home-built detector (see
Figure 1) efficiently partitions backscattered photons as a
function of their polarization and wavelength.

Figure 1 Scheme of our polarization detector (PBC = polarizing
beamsplitter cube, IF = Interference filter, PMT =
photomultiplier tube) with picture of the cross-polarized channel.

As specified on a dedicated test bench at our laboratory,
polarization and wavelength cross-talks are fully

FF-10.1



LASER-LIGHT AND INTERACTIONS WITH PARTICLES AUGUST 25-29TH, 2014, MARSEILLE, FRANCE

negligible with better than 10-7 accuracy, allowing a robust
calibration of the particles depolarization ratio, as
performed by J. Alvarez et al. [5]. Particle depolarization
ratios, as low as 6 × 10-3, close to the molecular
depolarization, have been measured in the atmosphere.
Then, by applying the Klett’s algorithm to correct for the
particles extinction, vertical profiles of βp,// and βp,

coefficients, then δp can be retrieved, as displayed in
Figure 2 in the form of time-altitude maps.

Figure 2Time-altitude maps of particles backscattering retrieved
from the Lyon polarization lidar at λUV and λVIS.

3 T-matrix numerical simulations

In this section, numerical simulations are exploited to
separate the specific contributions of each nonspherical
component in the particles mixture. For desert dust
particles, we applied the T-matrix numerical code [6], by
mimicking the dust particles by size-shape distributions of
homogeneous spheroids, assuming equal number of
prolate and oblate spheroids. To account for polarization
effects, aspect ratios were distributed through a power law
n = 3 shape distribution [7]. Sea-salt particles, which are
cubic below their crystallization point, were numerically
simulated by applying an extension of the T-matrix code,
developed by M. Kahnert [8] for targets with discrete
symmetries such as cubes. Figure 3 presents the retrieved
backscattering cross-sections (per unit volume) and
depolarization as a function of the particle radius. In
agreement with Equations (1) and (2), depolarization ratio
δp, specific to dd and ss-particles, are then obtained by
integration over the PSD, as given in Table 1 at λUV and
λVIS. In the absence of complementary measurements, the
two PSD were taken from the literature: Mallet et al. [9] for
dd-particles, O’Dowd et al. [10] for ss-particles. Table 1
also contains the spectral dependence of the cross-

polarized backscattering coefficient βp,, in the form of an
Angström exponent A.

Figure 3 Simulated backscattering cross-sections and
depolarization for desert dust (dd) and sea-salt (ss) particles
using T-matrix formalism at UV and VIS refractive indices.

Particles δp(UV) (%) δp(VIS) (%) A
Dust (dd) 18.1 13.8 1.326

Sea-salt (ss) 15.9 16.2 − 0.478
Table 1 Output of our T-matrix numerical simulation.

4 Backscattering in a three-component mixture

In this section, by combining the Sections 2 and 3
outputs, we propose a new methodology for nonspherical
particles backscattering retrievals in a three-component
particles mixture. As a case study, we consider the above
external mixture (p) = {dd, ss, ws}.

4.1 Methodology : coupling lidar with T-matrix
In the presence of three particles populations, twelve

unknowns have to be determined, namely βp,π(λ), with (p)
= {dd, ss, ws}, π = {//,} and λ = {λUV, λVIS}. Application of
the superposition principle then allows to retrieve vertical
profiles of βdd(λ), βss(λ) and βws(λ). Four equations can be
derived from the lidar measurements at λUV and λVIS. In
addition, assuming δws = 0 at both wavelengths give two
more equations, the remaining six quantities being given
by the T-matrix numerical simulation output, as obtained
in Table 1. Hence, the system of 12 equations can be solved
to retrieve βp,π(λ) at both wavelengths and for both
polarization, leading to βdd(λ), βss(λ) and βws(λ) retrievals.

4.2 Application to the mixing of dust with sea-salt and
water soluble particles

We applied our {polarization lidar, T-matrix}-algorithm
to the mixing of dust with sea-salt particles observed in
Figure 2. As a stand-alone lidar does not provide
chemistry, the possible presence of dust, sea-salt and
water-soluble particles at the remote site was checked with
air mass back-trajectories, while the relative humidity
remained below 40 %, allowing ss-particles to be cubic.
Hence, our algorithm provides separate backscattering
profiles, once the chemistry is known. Figure 4 displays
the retrieved vertical profiles of desert dust, sea-salt and
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water-soluble particles at λUV and λVIS. For the first time,
the nonsphericity of two components is taken into account
in a three-component particles mixture. To test the
robustness of this methodology, we affected error bars on
the coefficients retrieved in Table 1. For dust particles, the
model variability (± 10 % on the particles radius, equi-
probable shape distribution) induces a 4 %-variability on
βp, (20 % on βp,//). For sea-salt particles, error bars were
below 10 %. Moreover, the A-coefficients were used as
convergence criteria of our algorithm (negative
backscattering were obtained for different A-values). It
underlines the robustness of our methodology, as well as
the need for a precise knowledge of the PSD’s. We hence
reveal in Figure 4 the complex vertical layering observed
at Lyon. The βdd and βss vertical profiles are not
complementary, due to the presence of ws-particles.

Figure 4 Backscattering vertical profiles in the particles mixture
at 16h15 UTC, then backscattering profiles specific to desert
dust, sea-salt and water soluble particles at λUV and λVIS.

5 Conclusion
As a conclusion, we have shown that polarization lidar,

based on laser backscattering and extinction in the
atmosphere, when used in combination with T-matrix
numerical code, is a very powerful tool for providing
information on the backscattering property of externally-
mixed aerosols, having up to three components. To our
knowledge, it is the first time that such a partitioning is
achieved by considering the nonsphericity of each
nonspherical component (i.e., both sea-salt and desert
dust particles nonsphericity), while assuming particles as
spherical may lead to quite considerable errors in
radiative forcing assessment [12]. The poster will detail
the inversion algorithm and the most recent advances in
this field, where recent laboratory experiments now
provide measurements of the particles depolarization [13].
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