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Zonal wind acceleration in the Martian mesosphere during the 2018 global dust storm
derived from mid-IR heterodyne spectroscopy
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About the mesospheric winds on Mars, a few of remote sensing observations from ground-based telescopes have been av:
able. Sonnabend et al. [2012] and Moreno et al. [2009] observed at the same altitude as this study and about 50 km respective
showed the retrograde wind at the equator, but the latter suggested a large discrepancy between observed winds and those |
dicted by a Mars general circulation model (MGCM). We have no explanation about the discrepancy so far. Just below it, recen
observations have revealed unexpectedly high abundance of water in the middle atmosphere (1.0°0.1 Pa), which could affect t
atmospheric escape of water to space [Maltagliati et al.,2013]. Heavens et al. [2018] also found that the water vapor abundanc
in the middle atmosphere are further enhanced during the global dust storm. However, the middle atmosphere during glob:
dust storm is not yet addressed, even though it is proposed that an intensified meridional circulation may transport water vapc
effectively [Kuroda et al., 2009; Shaposhnikov et al., 2019]

On June 2018, a global dust storm occurred on Mars. It lasted for more than two months till August. In order to understanc
the mesospheric response during the dust storm, we have performed the direct measurement of mesospheric zonal winds &
temperature on June and September 2018 by our mid-infrared heterodyne spectrometer with an ultra-high spectral resolutio
~“107. We used C@ non local thermodynamic equilibrium (non-LTE) emission lines at 10 micron from the mesosphere, peaking
at "80 km ( 70.15 Pa) altitude [Lopez et al., 2011]. It allows us to derive the zonal wind velocity and kinetic temperature at
altitudes around 80 km. The former was directly derived from line-of-sight Doppler shift of emission core, and the latter was
derived from Doppler width of emission lines. Observations were executed in June (during the dust storm) and in Septembe
(decaying phase of dust storm).

We identified that kinetic temperature was changed from 150 K in June (solar longitude, Ls = 197) to 125 K in September (Ls
=242), i.e., decrease with "25 K in the middle atmosphere during the descending phase of the storm. We also found that zon
wind velocity was the retrograde wind and changed from “223 m/s in June to “235 m/s in September, respectively. Those resul
suggest strong retrograde zonal wind during the global dust storm. The uncertainties of them were “34% for kinetic temperatur
and "44% for zonal wind, due to the fitting & pointing errors and wavelength calibration uncertainty.

The decrease of kinetic temperature after the storm time was not reproduced by MGCMs, possibly due to the assumed vertic
distributions of dust in the models (cut-off altitude: below "80 km and probably not high enough). On the other hand, retro-
grade wind found in this study shows a reasonable agreement with the previous observations [Moreno et al., 2009; Sonnabend
al.2012]. Although Moreno et al.[2009] did not detect retrograde wind during global dust storm, it showed the increase of wind
velocity between normal dust(tau=0.3) and regional dust storm(tau=0.5). However, our result indicates a larger value comparin
with previous studies with values ranging from 160 to 200 m/s. This result implies that the global dust storm may intensify the
easterly zonal wind in the mesosphere. Meanwhile, Sonnabend et al. [2012] suggests latitudinal variation of wind velocity is
about 270 m/s.

In order to clarify the mechanism to accelerate the zonal wind during the global dust storm, we are now comparing the ob-
served features with simulations by a MGCM [Kuroda et al., 2005, 2013, 2015]. We will show the contributions of the meridional
advection, vertical advection and eddies on the acceleration of zonal wind due to the global dust storm in the middle atmospher
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