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Brief abstract:

Martian global dust storms (GDS) are uncommon phenomena, have significant impact on the energy budget and global circulation.

Intensive atmospheric-science campaign by MSL Curiosity rover during the 2018/MY34 GDS (initiated: 30-31 May 2018, Ls = 185°).

We contribute to previous studies with independent retrievals of dust aerosol particle properties by comparing the sky radiance observed by
MSL Navigation Cameras (Navcams) to radiative transfer simulations.

Results show a steep rise in dust opacity, from t of 1.2 to >9, correlated to particle size variations from 1 to 4 ym.

Single scattering phase function: mean asymmetry parameter of g = 0.60 £ 0.11 during the storm, compared to values around 0.71 + 0.06 for
previous years.

Best fitting particle shape: mixtures of spheroids with a log-normal distribution of aspect ratios centred around 2.8, in contrast to aspect ratios of
1.8 after the storm. More irregular particle shapes in high-opacity sols.
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2. Research context

Dust in the Martian atmosphere
- By absorbing and scattering the incoming solar radiation, it has a direct impact on the thermal structure and dynamics (Gierasch and Goody, 1972)

- Global dust storms (GDS): Result from rapid expansion and combined influence of multiple local and regional storms, produce a substantial rise in
dust opacity (t > 3) over large portions of the planet, lasting for weeks to months, and have significant effects on pressure, temperature, atmospheric
heating, and global circulation (e.g., Zurek and Martin, 1993)

- GDS are stochastic phenomena, with an average frequency of approx. every 3-4 Martian Years (Smith, 2008): 1971/MY9, 1977/MY12,
2001/MY25, 2007/MY28, and 2018/MY 34

2018/MY34 Global Dust Storm
- Initiated: 30-31 May, Ls = 185°, MSL sol 2067, with precursor storms at Acidalia and Utopia

regions (30-60°N) (e.g. Guzewich et al., 2019; Sanchez-Lavega et al. 2019)

- Intensive atmospheric campaign by MSL rover Curiosity, e.g.: Lemmon et al., 2019; Viudez-
Moreiras et al., 2019; Smith et al., 2019)

- Opacity from 0.6 to 8.5in 10 sols, particle size from 1.5 to >4 ym (Lemmon et al., 2019)

Motivation:

- MSL Engineering Cameras: contribute to Martian dust aerosol studies with surface-based

observations, and to provide additional source of data.

Aim:

- Characterise the dust aerosol particle properties during the 2018/MY34 global dust event
and study its variability with respect to previous MY’s.

Objectives:

- MSL Navigation Cameras image-data review and processing (calibration)

- Radiative transfer modelling of Mars’ atmosphere

- Retrieval of atmospheric dust loading and particles’ properties
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Angul_ar dlstrlbutlor] of sk_y brightness observed by MSL Navcam compared with > Chen-Chen, H. Peérez-Hoyos, S., and Sénchez-Lavega, A. (2019). Dust partice size and
radla.tlve trar.ISf.el‘ Slmulatlons: | ﬁgggil/dgﬁgm/l%r_‘lgﬂlzr/?icraertS:_vzf)dlsl_)gg_tgfo MSL Navigation Cameras, Icarus, 319, 43-57.
- S|Ze: Var|at|0n Of Sky brlghtneSS at Sma” Scatterlng_angles (< 300) -Chc_an-Chen, H., Pérez-Hoyos, S and Sénchez-_Lavega, A. (2019). Characterisatipn of_

- Shape, phase function: evaluated at large scattering angles (110-180°) Cameras, lcanss, 330, 16.29. nipe.ldororg/ A0 1016/ icarts 201500008

Radiative transfer model
DISORT (Stamnes et al., 1988)
Atmos. Struct.: LMD Mars Climate Database (Forget et al., 1999; Millour et al., 2015)

Gas Opacities: HITRAN (Rothman et al., 2013)

Aerosol model parameters for radiative transfer simulations

AerOSOI moqel . . Observation Aerosol model jﬂ,%josﬁt- Free param:trc‘e?:e B Range
Dust refractive indices: Wolff et al. 2009 — | I’ d Size 1oy, rr 050 10.0 pm

: : : : : . — Sun-pointing el S Dust column opacity ¢ 7: 0.3 10 10.0
Particle size distribution: log-normal, vest = 0.3, reff (free) Py
Column OpaCity: tau (free) MOPSMAP Calculated éisz%ef tffratio = ;:(f;:n? gﬁﬁ-ﬁﬁﬁiﬁgiﬁlm
Radiative properties: ceatioring Dust column opacity 7 0.5 (0 15 times  from

. . - Sun-pointing output.

- MOPSMAP aerosol database (Gasteiger and Wiegner, 2018) region ouble Forward scatierng (@) |0, 05010
- Double Henyey-Greenstein phase functions Henyey-Greenstein | 'C0 | Padena Scatemng (G 82 9, © 10,

Retrieval procedure
Brute-force iterative retrieval scheme based in the comparison of the observed and modelled sky radiance as a function of the

parameters characterising the airborne dust particles.
- Outputs: parameter-values generating the best fitting curve under a lowest mean quadratic deviation y? criterion.

- Uncertainties: evaluated around the best-fitting location in the free parameter space for 68.3% confidence region (1-o error)
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t . Mo Goen Left: Sun-pointing observations and model comparisons for sols 2034, 2084, 2123, and 2214 for different opacity

scenarios. Left panels show comparisons in the t-reff Space. The point of minimum X2and the contour of the 68%
confidence interval limit are indicated. On the right, Navcam measured sky radiance and the resulting best fitting
curve.

Radance Factor, UF
N B A A D N B ®

Effoctive radis, ros um)

S -

°
°

ey Bottom: Dust optical depth and particle size during 2018/MY34 GDS retrieved with MSL Navcam Sun-pointing
5 R (squares) and backward-scattering (crosses) observations. For comparison purposes, MSL Mastcam retrievals
— s | reported in Lemmon et al. (2019) are also shown.

«  Navcam Observation ‘

4 Naveam Obs. Bin

o Qi)

Solar longitude

¢ 0 174.6° 189.1° 204.3° 219.9° 236.1° 252.3° 268.5° 281.2¢
3 : T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
5 tau: Lemmon et al., 2019
§ - r_eff: Lemmon et al., 2019 -
o o [ tau: sun pointing
% i . . 8r IEIJ X  tau: backward scat. .
x E Sol = 2123, Lg = 218.97° |I| r_eff: sun POinting . . .
200 : — e st ves0 | X r_eff: backward scat. 1 Size: Positive correlation
. o Preemmen 1 2 1 between particle size
A - ] d col d i
: 200 g2 Y 2 and column dust opacuy
: - 1 ™ during the GDS
g 1200 4 L‘ I q]
00 ' g 4 B 7
2 4 3 8 10 o 9 5 10 15 2 P 3:) |t—‘S [
Aetosol Optical Depth, T Scatiering Angle [*]
" e 9 Sol = 2214, Ls = 277.96° |
i o Rt Vsliabad i X X _
. ::‘: ; §, 4 Navcam Obs. Bin 2 k
- d L X X
5 750 38
2 § 4 [
s- o g 3 O L n 1 1 n L 1 1 n n 1 n L " 1 I L L 1 1 n 1 1 L " n 1 1 L L 1
g 1N, . 2050 2075 2100 2125 2150 2175 2200 2225
! = 150 1 MSL Sol
2 4 6 L] 10 0 0 5 10 15 2 F3 »
Aetcscl Optical Depth, T Scatiering Angle [*]
Chen-Chen et al.: Martian dust particle size, shape, and optical depth during the 2018/MY34 GDS with MSL Navcam Slide: 4 of 6

XIV.0 Reuniodn Cientifica 13-15 julio 2020




‘eman 1a zabal zazy

5. Results (2): Backscattering e | 8
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Aerosol partICIe_mOde”mq i ) ) Mars 2020 rover MEDA RDS and SkyCam instruments
- Implementation of more complex particle shapes (e.g. tri-axial _

ellipsoids, aggregates) (e.g., Merikallio et al, 2013)

- Comparison with further experimental scattering parameters
for Martian dust analogues samples (Mufioz et al., 2001)

- Implementation of inversion algorithms for the retrieval

Mars 2020 rover: Mars Environmental Dynamics Analyzer (MEDA)

- Instruments: Radiation & Dust Sensor (RDS), Skycam

-  Retrieval of dust column opacity, and particle size. Full-sky radiative transfer simulations for 2 atmospheric dust loading cases

- Sky radiance at intermediate and large scattering angles for Model: S0l 2003;er =112 . To= 049 Model: S0l 2090:fer = 340 um. o= 6.85
characterisation of single scattering phase function

Regional atmospheric dynamical simulations

- Study accuracy and performance of radiative transfer codes in
Mars Regional Atmospheric Modeling System (MRAMS) (Rafkin
et al., 2001)

- Mesoscale modelling of local dust storms development

Chen-Chen et al.: Martian dust particle size, shape, and optical depth during the 2018/MY34 GDS with MSL Navcam Slide: 6 of 6

XIV.0 Reuniodn Cientifica 13-15 julio 2020




