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Figure 1 The distribution of column dust optical depth (CDOD) varied with Solar longitude (Lg). (a) The position of Mars at different solar longitudes
(Lg) as well as the position of Mars around the Sun (image is from http://www-mars.Imd.jussieu.fr/mars/time/solar_longitude). (b) The multi-annual and
zonal average of CDOD over Mars year (MY) 24-35. The CDOD data are normalized to the pressure level of 610 Pa. The Lg values of 0°, 90°, 180°,
and 270° correspond to the northern spring equinox, summer solstice, autumn equinox, and winter solstice, respectively
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Figure 2 The cameras onboard MGS and MRO observed paths of dust storm sequences observed during MY 24-32. Modified from the Ref. [14]

June 10, 2001
(a)

July 31, 2001

(b)

Bl 3 MGSTEFEAHVLULINE] I K B200147 A &RV BN ERA. (a) WAORAT (b) WAORME. B R KIFE Fhttps:/mars.nasa.gov/

resources/7886/dust-storms-of-2001/

Figure 3 The Mars orbital camera system on MGS captured the development of a global dust storm in July 2001. (a) Before the storm; (b) amidst the
storm. Source from https://mars.nasa.gov/resources/7886/dust-storms-of-2001/
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Figure 4 The timing of observed global dust storms on Mars
concentrates in the season near perihelion over the past century
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Table 1 Observed global dust storms in the last century“("zﬂ
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Table 2 The optimal intervals for launching spacecraft to Mars
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Figure 5 The sight views of three aerostationery spacecraft (a) and the equivalent equirectangular projection of Mars topographic contours (b). The
light grey band starts at 60° emergence angle; the dark grey one starts at 75° (poorly or not observed regions). Modified from the Ref. [81]
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Mars is most often the focus of planetary explorations because it promises to have signs of extraterrestrial life. China’s first
Mars mission, called Tianwen-1, was launched on 22 May 2021 and was successful in “orbiting, landing and roving” the
planet and exploring its environment. Following this success, China planned to carry out another Mars mission, known as
Tianwen-3, to collect and return samples. However, dust storms posed a significant threat. Such activity on Mars has an
evident pattern of seasonal variation, frequently occurring during spring and summer in the southern hemisphere. Under
certain conditions, this dust activity can develop into a global storm, lasting several months, and can strongly perturb the
upper atmosphere, which is crucial for the aerocapture of probes. Even regional storms can modify local visibility,
temperature, wind, and the density of the lower and middle atmosphere, which impact parachutes, navigational imaging,
and other decent-entry-landing and take-off probe processes. Indeed, the tiniest grains of dust pose a threat to human soft
tissues and are harmful to the surface probes’ mechanisms and filters. Solar panels, cameras, etc., are also adversely
impacted by dust deposition, which peaks during the fallout of a global dust storm. Thus, forecasting dust storms is
invaluable for reducing or avoiding damage to these probes. However, the physical complexity of dust storms on Mars is
not fully understood, making accurate forecasts of dust storms, and particularly their onset, challenging. To aid future Mars
missions such as the Tianwen-3, we propose that China establish a network to monitor Martian dust storms and
atmospheric weather that is based on observations of Mars from a spacecraft constellation. This constellation consists of
three spacecraft in an equatorial synchronous orbit with an altitude of about 17000 km and one spacecraft in a large-elliptic
polar orbit whose perigee altitude is about 150 km. The constellation with “four-point integration” can form a monitoring
and alert network that provides simultaneous, continuous, and global-scale observations of the Martian atmosphere and
surface. As an innovative platform for space-based science, this network has many advantages for Mars exploration,
because it can monitor Martian dust storms and geomorphic changes on the surface, as well as the space environment and
atmospheric weather. It is also beneficial for spacecraft relaying communication from probes on the Martian surface,
allowing continuous data to be uplinked. Finally, the constellation is an ideal platform for on-orbit computing, delivering
computer resources to surface assets, and global navigation of Mars.

Martian dust storms, Mars aerostationary orbit, multipoint measurements, spacecraft constellation, Mars sample
return
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