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ABSTRACT

The irregular shape of mineral dust provides a strong signature on active and passive polarimetric remote sensing
observations. Nowadays, advanced lidar systems operating in the framework of ACTRIS are capable of providing
quality assured, calibrated multi-wavelength linear particle depolarization ratio measurements, while new developments
will provide us more polarimetric measurements in the near future. Passive polarimeters are already part of ACTRIS and
their integration in operational algorithms is expected in the near future. This wealth of new information combined with
updated scattering databases and sophisticated inversion schemes provide the means towards an improved
characterization of desert dust in the future.

We present here some examples from the ACTRIS journey on dust research during the last decade, aiming to
demonstrate the progress on issues such as: (a) the discrimination of desert dust in external mixtures, (b) the separation
and estimation of the fine and coarse particle modes, (c) the synergy of passive and active remote sensing for the
derivation of dust concentration profiles, (d) the provision of dust-related CCN and IN particle concentrations for
aerosol-cloud interaction studies, (e) the development of new scattering databases based on realistic particle shapes, (e)
the application of these techniques on spaceborne lidar retrievals for the provision of global and regional climatological
datasets. Future plans within ACTRIS for the evaluation and advancement of the methodologies and retrievals are also
discussed, combined with new developments within the framework of the D-TECT ERC Grant.
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1. INTRODUCTION

Mineral dust is one of the most important aerosol types in terms of mass and optical depth and therefore significantly
impacts radiation, either through direct or indirect processes, and subsequently atmospheric dynamics from short- to
long-term temporal scales. Once dust particles are deposited at the surface, they provide micro nutrients to the ocean or
to land ecosystems. For these reasons, the recent report of the IPCC identified mineral dust and its impacts on weather,
climate and biogeochemistry as key topics for future research (see also Figure 1).

Pure dust is difficult to be detected and measured, except in very specific areas close to deserts. In outflow regions,
mineral dust coexist with other particles like smoke or sea salt and pollution. Accurate speciation is a main observational
need to efficiently characterize desert dust abundances and intensive properties so as to assess the related impacts.
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Figure 1. Schematic of long-range dust transport and its impacts on climate and biogeochemistry

Despite the limitations on speciation, remote sensing has been applied from both ground and space to describe the global
distribution and characteristics of atmospheric dust. For assessing the dust abundances the Dust Aerosol Optical Depth
(DOD) needs to be derived from measurements of the total Aerosol Optical Depth (AOD). Currently, in order to
discriminate between dust and other aerosol types with existing remote sensors, typical features of dust are used such as:
(1) dust dominated coarse mode that affects the Angstrom exponent values (a threshold that can be applied in spectral
AOD measurements); (2) dust particle non-sphericity that provides a clear signature in depolarization measurements of
the backscattered light.

2. ADVANCED DUST REMOTE SENSING PRODUCTS

One example of pure DOD and dust extinction profiling product retrievals is the Lldar climatology of Vertical Aerosol
Structure for space-based lidar simulation studies (LIVAS) study of the European Space Agency (ESA), using
CALIPSO backscatter and depolarization products in synergy with the ground-based typical values of mineral particle
depolarization and lidar ratios derived from EARLINET [1]. LIVAS is based on the application of Tesche et al. [2]
methodology for the discrimination of pure dust from dust mixtures using backscatter and depolarization lidar
measurements (Figure 2).
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Figure 2. (Left:) aerosol type. Middle: particle depolarization ratio (black line), mean layer depolarization reported by
CALIPSO (green line) and mean particle depolarization ratio recalculated by the mean layer total and perpendicular
backscatter coefficients (red line). (Right:) backscatter coefficient separation for pure dust (in magenta color) and “other”
aerosol type (in cyan color).
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LIVAS provides pure dust extinction profiles with a resolution of 1x1 degree, based on CALIPSO. An example of this
product over China is given in Figure 3, where the seasonal mean for total AOD, DOD and non-dust AOD is given for
spring. DOD values are higher over Taklimakan desert while the anthropogenic aerosol loads dominate over the eastern
and south-eastern regions of the Asian continent [3].

Figure 3. Spatial distribution of the seasonal mean CALIPSO AOD, DOD, optical depth difference between AOD and
D_AOD (non-dust AOD) for the spring period (means for the period 2007—2015).

Another example of LIVAS, showing the potential to use the vertical distribution of dust extinction in order to study dust
transport is given in Marinou et al. [4] (Figure 4).
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Figure 4. Geographical zonal distribution of the conditional dust extinction coefficient LIVAS product for the latitudinal
zones from 20N to 60N as illustrated by domain maps for the 3-monthly averages. The median terrain elevation is depicted
with black color.

Advanced algorithms are being developed within the framework of the ACTRIS Research Infrastructure, including
inversion schemes such as GARRLIC [5], LIRIiC [6] and POLIPHON [7]. These algorithms provide the opportunity to
retrieve dust microphysical properties but also separate the fine from the coarse modes. Moreover, recent advancements
in ACTRIS include the retrieval of dust CCN and IN particle concentrations from remote sensing [8; 7; 9]. By applying
these methods to available space-borne lidar products, one can retrieve important information on desert dust features and
distribution that were not available before (see for example Figure 5, 6).
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Figure 5. Geographical distribution of the AOD, DOD and Coarse DOD, Fine DOD.

60 0.6 60 .
09 3
0.4 H
1 o
40 0.3 40 . ‘SQ
J0.2 < Wi _1’,=L
30 - S
: -3
20 & 20 .4 SRR S | | NaN
20 -10 0 10 20 30 -20 -10 0 10 20 30

Figure 6. Geographical distribution of the DOD and Ice Nuclei Particle concentrations.

3. FUTURE PERSPECTIVES

Speciation and advanced aerosol characterization through remote sensing is difficult and requires observations beyond
intensity-only measurements. In that respect, multi-angle measurements of intensity and polarization should be
considered for improving dust characterization (e.g. [10; 11]). Such measurements can also provide information on the
preferential orientation of the mineral particles during their transport [12]. Polarization however depends strongly on
particle shape [13; 14] and its interpretation is tricky for dust due to lack of adequate scattering models for large
irregularly-shaped particles.
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To improve the scattering models for desert dust, realistic representations of the particles’ irregular shapes have been
proposed (e.g. [14]). Recent work by Tsekeri et al. [15] extends the scattering calculations of Gasteiger et al. [14] to
particles with volume-equivalent size parameters up to 60, using the extensive computational resources of Partnership
for Advanced Computing in Europe (PRACE). Moreover, new polarization techniques are developed for passive sensors
(see [11]) but also for active sensors such as lidars [15]. Figure 7 shows the new polarization lidar “WALL-E” designed
to monitor dust orientation in the atmosphere. The new scattering databases and polarization sensors are expected to
increase information on dust and reveal its radiative characteristics in respect to their shape and size.

Figure 7. The WALL-E polarization lidar system for the detection of preferential particle orientation.
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Figure 8. Particle shapes considered for the new scattering database of Tsekeri et al. [15] (source: [14]).
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