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Regional coupling between surface, atmosphere, and space for understanding water
cycle on Mars
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TGO observations first reveal the vertical distribution of the HDO/H20 up to

80 km, which suggest an increase of the abundance of H20 and HDO during the dust storm.
Simultaneously, our ground-based observations found a remarkable enhancement of the atmospheric
temperature at 80 altitudes during the dust storm. This could cause stronger atmospheric circulation
and preventing ice cloud formation, which may confine water vapor to lower altitudes. Our MAVEN
result indicates the detection of an extensive layer of warm air at altitudes 70 to 90 km, which has
a good agreement with above. The atmospheric composition and wave activity in the upper atmosphere
dramatically changes in season. Our study proposes an effective and high-speed mass/energy
transportation into the upper atmosphere. The resultant stronger atmospheric circulation could carry
the dust and water vapor into the upper atmosphere, which drive direct escape of water to space in
a time-scale of weeks or months.
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