Scientific challenges for lidar-based dust and ice cloud characterization
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INTRODUCTION

is the background aerosol in Mars, permanently distributed along all the planet, and hence the principal driver of the Martian climate. Ice clouds observed in Mars are composed of|
H,O and CO, ice particles, which form at rather different altitudes and over diverse seasons and regions. In addition, they can potentially interact with dust particles (nucleation issues).
The scientific goals of the MiLi project (‘Miniaturized Lidar for MARS Advanced Atmospheric Research’) are addressed to the characterization of those both Martian aerosols in vertical
Jresolution. These studies will represent a key factor to investigate their climatic implications on Mars.

MARTIAN AEROSOLS: Vertical impact in the atmosphere
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MiLi challenges
The primary scientific MiLi challenges for Mars atmospheric exploration are three-fold: 1) detection of high-altitude dust and ice cloud layers (> 30 km height; plausible dust-cloud interactions); 2) for the first
time, estimation of the depolarization ratio of the Martian dust and ice clouds; and 3) discrimination between dust and clouds (related to lidar-derived depolarization).
Earth-based representative atmospheric scenarios are simulated by considering the presence of dust and ice clouds on Mars, being discussed in terms of expected lidar signals.
Simulations for Earth-based representative MiLi atmospheric scenarios on Mars
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P(r,4) is the total lidar backscattered signal PL is the cross-pol signal (perpendicular to the laser
(r: range/height, A: wavelength: 532 and 905 nm) emitted signal)

(COD=0.06 and 0.10), respectively.
Dust optical depth (DOD) varied from 0.36 to 0.54, keeping similar
in both planets, and being then the extinction coefficient lower on {§ @(r4) is the extinction coefficient [m]

Mars. B(r,2) is the backscatter coefficient [m™ sr] Each signal channel can be expressed as a function of
Dust occurrence until 7 km height on Earth is ‘extended’ up to [}l C is the instrumental constant (receiver efficiency, pulse the total signal P and & as follows:

reaching altitudes of 90 km on Mars. energy, detector area, ...) (= 1, assumed) Pl =P x[1/(1+3)]

A detached water ice cloud is ‘included’ at 40 km height . O(r) is the overlap function (= 1, for simplicity) PL =P x[8/(1+3)]

FUTURE WORK

» Those simulation approaches will be performed backwards: from MiLi signals (RCS, §) to both dust and ice cloud optical properties (e.g. for clouds detected at < 30 km height).

» Implementation of the lidar retrieval procedures to obtain the aerosol (dust, clouds) optical properties under Martian conditions.

> Validation activities: comparison of MiLi observations against those from a reference lidar under Mars-analogue conditions on Earth (field campaign in a dust-influenced environment).
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