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Figure 1 The distribution of column dust optical depth (CDOD)
varied with solar longitude (Ls) during MY24-MY36 at 610 Pa. Data
are sourced from References 17 and 18.
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Figure 2. The global distribution of CDOD at 610 Pa in MY35 when
Ls=38.252°. Data are sourced from References 17 and 18.
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Table 1 Candidate landing sites of Tianwen-3 missont®.
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Figure 3. Distribution of average dust optical depth in the
candidate landing sites for Tianwen-3 mission during MY24-MY36.
The upper envelope of the shaded area is the maximum dust optical
depth, and the lower envelope is the minimum dust optical depth.
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Table 2 Reference table for meteorological visibility when there are
targets on the Martian surface but no farther targets.
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Table 3 Reference table for meteorological visibility when there is no
target on the Martian surface.
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Figure 4 Dust storm observed by the MoRIC on the Tianwen-1
orbiter.
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Table 4 Main technical parameters of Mars Multicolor Camera
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Figure 5 The MoRIC mosaic image on 13 May 2021. The white
polygons and circles represent the landing area and landing circle of
Utopia Planitia, respectively. The base map is the MOC WA _Atlas_oc
Map.*!
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(a) and Utopia (b) study area.
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Figure 7 The deep learning model forecasts the dust optical depth
for Martian Year 35. In the figure, the black line denotes the predicted
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mean, the blue line represents the observations, and the red shaded
area indicates the prediction interval.
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Figure 8 Daily variation of CDOD prediction error in the candidate
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Figure 9 Latitude-Ls distribution of Martian global annual average

CDOD. Top: Observation. Middle: GoMars simulation. Bottom:
Swin-Unet optimization.
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Research on monitoring and forecasting methods of Martian dust
storms for China’s Mars Sample Return mission
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Mars exhibits complex dust storm activities across diverse spatiotemporal scales, which may cause issues such as jamming of
movable mechanisms and degradation of energy supply. These problems significantly increase the risks of mission implementation,
making it imperative to conduct research on the monitoring and forecasting of Martian dust storms to mitigate mission risks.
Focusing on China's Mars Sample Return mission and integrating the progress of landing site selection, this study analyzes the
characteristics of Martian dust storms at 10 candidate landing sites. The results indicate that there remains a possibility of dust storm
intrusion during surface operations conducted in non-dust seasons. To reduce and avoid the impacts of dust storms on the mission,
this paper develops in-situ monitoring strategies for landing sites and orbital remote sensing monitoring strategies based on existing
payload resources, establishing a multi-dimensional perception capability for dust storms. Using multi-dimensionally perceived
data—including Martian images and dust optical depth—as the foundation, and combining methods such as the image sequence
method, machine learning, numerical forecasting, and numerical forecasting-artificial intelligence hybrid approaches, a preliminary
comprehensive dust storm forecasting capability with multiple methods is established, which can provide auxiliary support for
mission decision-making. To better support and serve China's Mars Sample Return mission, further research will be conducted
focusing on the key issues related to the monitoring and forecasting of Martian dust storms subsequently, including research on
initiation and evolution mechanisms of Martian dust storms, optimization of dust parameterization schemes, innovation of data
retrieval methods, exploration of ensemble forecasting techniques, and research on intelligent forecasting methods, etc. Such efforts
will assist to construct an integrated "monitoring-forecasting-decision-making" support system, enhance the operational Martian
weather support capability for China's Mars Sample Return mission, mitigate mission risks and ensure the successful return of
Martian samples to Earth.
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Martian dust storms, monitoring methods, forcasting methods, China’s Mars Sample Return mission
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