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Introduction:

The study of suspended dust on Mars is funda-
mental to understand the planet’s thermal structure
and climate (Kahre et al., 2008). Martian aerosols
are mainly composed of micron-sized particles,
probably produced by soil weathering (Korablev et
al., 2005). A permanent dust haze is always present
in the atmosphere and is characterized by an opacity
of about 0.05 - 0.2 at 9.3 um. The actual dust load-
ing varies with circulation, season and geographic
region and in presence of dust storms its opacity may
increase significantly reaching several units (Altieri
etal., 2007).

The radiative effects of dust depend on the size,
the composition and the optical properties of its par-
ticles (Maattanen et al., 2009). In the visible-near
infrared (VIS-NIR) spectral range they have a low
single scattering albedo and contribute to the heating
of the lower atmosphere whereas in the infrared (IR)
they efficiently radiate heat to space through IR
emission (Korablev et al., 2005).

Global dust storms are believed to be caused by a
positive feedback between the dust content and the
intensity of the atmospheric motion (Gierasch and
Goody, 1968). In this study we present the analysis
of the dust properties in a local storm imaged in the
Atlantis Chaos region by the OMEGA spectrometer
(Bibring et al., 2004) on March 2™ 2005 at LT =
11.00, Ls = 168° (ORB1441 5). By means of an
inverse radiative transfer code (Oliva et al., 2016)
we retrieve the aerosols optical depth across the re-
gion and try to infer the connection between the lo-
cal storm dynamics and the orography.

Instrument and data:

OMEGA (Observatoire pour la Minéralogie,
I’Eau, les Glaces et 1’ Activité) is a visible and near-
IR mapping spectrometer, operating in the spectral
range 0.38-5.1 um (Bibring et al., 2004). The in-
strument’s IFOV is 1.2 mrad, corresponding to a
spatial resolution of less than 350 m at periapsis.
Three separate channels operate with different sam-
pling to cover the whole spectral range. The first
covers the range 0.38-1.05 pm and has a nominal
spectral sampling of 7 nm; the second covers the
range 0.93-2.73 pum with a spectral sampling of 13
nm; the third operates in the range 2.55-5.1 um with
a spectral sampling of 20 nm.

To study the local dust storm in Atlantis Chaos
we have taken into account also observations cover-

ing the same region in which the storm is not pre-
sent. The list of the considered observations is given
in Table 1 and the corresponding reflectance factor
spectra are shown in Figure 1.

Orbit Lat [°] Lon [°] Ls[°] To3 Cl-i res

[km/px]

1441 5 -32.63 -176.51 168.62 0.18 0.92 4.27

1258_3 -32.64 -176.50 141.92 0.14 0.86 1.90

1474 5 -32.52 -176.43 173.69 0.23 0.67 4.76

3262_5 -32.62 -176.52 83.76 0.08 0.87 170

5161_3 -32.63 -176.51 14.53 0.11 0.93 0.86

5456_5 -32.62 -176.51 52.91 0.04 0.87 3.27

Table 1: list of the selected orbits covering the region of the
local dust storm. Lat is the latitude, Lon is the longitude, Ls is
the solar longitude, g3 is the dust optical depth at 9.3 pm
(Montabone et al., 2015), Cl-i is the cloud index and res is the
spatial resolution. Latitude and longitude values are relative
to the maximum optical depth region of the storm that has
been imaged in orbit 1441 _5.
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Figure 1: reflectance factor spectra of the selected observa-
tions, taken at the maximum optical depth region of the storm
(see Table 1).

Method of the analysis:

To analyze the storm properties we have used the
inverse radiative transfer model MITRA described
by Oliva et al. (2016) to retrieve the effective radius
rer, the optical depth at 880 nm zggy and the top pres-
sure tp of the dust layer. The temperature-pressure
profile, the CO,, CO and H,O mixing ratios and the
a-priori particles size distribution have been taken
from the Mars Climate Database (MCD, Forget et
al., 1999).

To perform the retrieval we have selected 5 ob-
servations of orbit 1441 5 spread up along the re-
gion where the dust cloud is present. All observa-
tions have been taken at longitude -176.5° and are
separated by steps of 1° in latitude, from -32.6° to -




36.6°. At -32.6° the cloud presents its maximum
optical depth. In this region the solar radiance is
completely scattered by the dust and the underlying
surface results to be hidden. However, moving
southwards the optical depth decreases and the sur-
face contribution cannot be neglected in the retrieval
process.

Surface properties: Among the selected obser-
vations (see Table 1), we have verified that orbit
3262_5 is particularly suitable to analyze the region
in almost clear sky conditions since water ice clouds
are not present and the dust opacity, as retrieved by
Montabone et al. (2015), is very low. A comparison
of orbits 1441 5 and 3262_5 is shown in Figure 2.
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by orbits
1441 5 and 3262_5, displayed at 1 pm. The red crosses indi-
cate the regions where the reference spectra shown in Figure 1
have been taken.

Figure 2: comparison between the regionscovere

To obtain the gas-free surface spectra of the stud-
ied region, we have processed the spectra of orbit
3262 5 using the SAS method (Geminale et al.,
2015) that we briefly describe here. The method,
based on the principal component analysis (PCA),
searches for a set of eigenvectors whose linear com-
bination is capable to reconstruct the measured spec-
trum (Bandfield et al., 2000). The physical signifi-
cance to the eigenvectors matrix is given by best
fitting a linear combination of the meaningful eigen-
vectors with a set of test vectors (Hopke, 1989). In
our case, these vectors are simulations obtained with
the radiative transfer code ARS (Ignatiev et al.,
2005), each one representing a gaseous spectral
endmember for CO,, CO and H,0. A test spectrum
for the surface is obtained with the so called Mons
Olympus’ method (MO, Langevin et al., 2005). The
resulting surface spectrum used as input in the
MITRA model is shown in Figure 3.

Retrieval of the dust properties:

We used the MITRA model to retrieve the mi-
crophysical and geometrical properties of dust. Gas-
eous absorption cross sections have been computed
using the HITRAN 2012 database (Rothman et al.,
2013) and exploiting the routines of the ARS

radiative transfer package (Ignatiev et al., 2005).
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Figure 3: the lower spectrum is the retrieved surface reflec-

tance at latitude = -33.6° and longitude = -176.5° of orbit

3262_5, obtained with the SAS method. The upper spectrum is

the reflectance of orbit 1441_5 at the maximum optical depth

region of the storm (red cross in the left panel of Figure 1).

To describe the optical properties of dust we
considered the complex refractive index from Wolff
et al. (2009). In the model we tested different scenar-
ios to describe the vertical structure of the cloud,
using more than one layer, different size distribu-
tions and refractive indices (e.g. Hansen, 2003).
However, we verified that our first guess scenario
consisting of a single layer described with the optical
constants from Wolff et al. (2009) extending to the
surface is able to reproduce the observed spectra in a
reliable way, ruling out the requirement for more
complex scenarios. We used the reflectance spectra
obtained with the SAS method, as described in the
previous section, as surface albedo spectra in input
to the model. We then applied the model to retrieve
the dust re, 7s30 and tp on all the selected observa-
tions. All retrievals have been performed in the spec-
tral range 500 + 2500 nm.

LT -32.6° -33.6° -34.6° -35.6° -36.6°

Ieft [um] 1.23 1.38 1.15 1.06 1.04
(0.21) (0.02) (0.12) (0.07) (0.08)

tp [mbar] 3.4 34 3.4 5.1 5.1
(0.3) (0.7) (0.7) (0.5) (0.5)

tp [km] 4.4 4.4 4.4 0.44 0.44
11) (1.9) (1.9) (0.05) (0.05)

Tago 5.9 3.4 13 0.7 0.6
(2.2) (1.8) 0.7) 0.2) 0.2)

Table 2: best fit values obtained from the retrieval on each
observation. Latitudes are given in the first row (LT) and the
values in parenthesis are the errors of the retrieved parame-
ters.

Discussion and future work:

As expected, we found a decreasing trend for the
optical depth going towards southern latitudes (i.e.
going away from storm, see Figure 2). Indeed, we
found that the opacity at 880 nm decreases from
about 6 at latitude -32.6° to less than 1 at latitude -
36.6°. Even if less evident, we found a decreasing
trend also for the layer top altitude, decreasing from



about 4 km to less than 1 km along the covered spa-
tial region (see Table 2).

In the future we plan to extend the retrieval in
order to map the dust optical depth throughout the
whole storm region. Moreover, using different orbits
we will track the evolution of the dust opacity with
time by performing the retrieval on averaged areas
of each observation in Table 1. With this analysis we
will discuss the possible connection between the
storm dynamics and the orography of the region, and
we will try to understand the origin of such an event.
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