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Introduction:  Mars’ winter atmos-

phere is characterized by a polar vortex of 

low temperatures around the winter pole, 

circumscribed by a strong westerly jet [e.g. 

1]. These vortices are a key part of the at-

mospheric circulation and impact heavily 

on dust and volatile transport. In particular, 

they have a complex and asymmetrical 

(north/south) relationship with atmos-

pheric dust loading [1]. Regional and 

global dust events have been shown to 

cause rapid vortex displacement [2,3] in 

the northern vortex, while the southern 

vortex appears more robust. 

Suspended atmospheric dust aerosol is a 

crucial active component of Mars’ atmos-

phere, with significant radiative-dynamical 

effects through its scattering and absorp-

tion of radiation [5]. The exact nature of 

these effects depends on a variety of fac-

tors: aerosol optical depth is important, as 

are the specific radiative properties of the 

aerosol particles [6,7], and the vertical dis-

tribution of the dust itself [8]. 

Mars Global Dust Storms (GDS) are 

spectacular, planet-spanning events which 

dramatically increase atmospheric dust 

loading. The 2018 GDS was observed 

through its lifecycle by the Mars Climate 

Sounder (MCS) instrument aboard the 

Mars Reconnaissance Orbiter [9]; using 

data assimilation [10] to integrate MCS re-

trievals [11] with the LMD-UK Mars 

Global Circulation Model (MGCM) [12] 

therefore offers an opportunity to examine 

the effects of the GDS on the polar vorti-

ces, and the interplay between the factors 

described above. The reanalysis contains 

the MGCM’s best possible representation 

of the GDS geographical, temporal, and in 

particular vertical structure. 

Model and assimilation scheme:  We 

use the LMD-UK Mars Global Circulation 

Model (MGCM), which solves the meteor-

ological primitive equations of fluid dy-

namics, radiative and other parameterised 

physics to calculate the state of the martian 

atmosphere [3,8]. The UK version of the 

MGCM possesses a spectral dynamical 

core and semi-Lagrangian advection 

scheme [13], and is a collaboration be-

tween the Laboratoire de Météorologie 

Dynamique, The Open University, the 

University of Oxford, and the Instituto de 

Astrofisica de Andalucia. The model was 

run at spectral spatial resolution T42 and a 

vertical resolution of 50 levels, the latter 

spaced non-linearly. The assimilation 

scheme used was a modified version of the 

Analysis Correction scheme developed at 

the Met Office, adapted for use on Mars 

[6]. 

Retrievals used:  The retrievals used in 

this study are from the Mars Climate 

Sounder (MCS) instrument aboard the 

Mars Reconnaissance Orbiter (MRO) [4], 

which now has amassed over five full mar-

tian years’ worth of data. For this study, the 

assimilated MCS variables were tempera-

tures, derived column dust optical depth 
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(CDOD), and dust profiles. Temperature 

profiles extend from the surface to approx-

imately 100 km, and dust profiles from as 

low as 10 km above the surface up to a 

maximum height of approximately 50 km. 

The retrieval version used is 5.2, a re-pro-

cessing using updated 2D geometry [7]. 

This results in improved retrievals, espe-

cially in the polar regions. 

Results: The 2018 GDS had large and 

asymmetric impacts on dynamics at both 

poles. This will be presented via changes in 

zonal winds and polar vorticity at both 

poles relative to a clear martian year, MY 

30. The GDS provided a natural laboratory 

for testing the effects of equinoctial high 

dust loading on polar dynamics, allowing 

investigation of both how the polar atmos-

phere behaves in a clear year and under the 

case of extreme dust loading at this time of 

year. We present results on the effects of 

the GDS on both southern and northern po-

lar dynamics, with implications for tracer 

transport. 

Discussion: The 2018 GDS dataset al-

lows the opportunity for investigation of 

the polar dynamical effects of that specific 

event, the first fully observed by MCS. The 

polar vortices and associated zonal jets act 

as a barrier for cross-vortex tracer 

transport; their weakening can therefore al-

low dust to be transported onto the sea-

sonal CO2 ice caps. Understanding how 

these barriers work is therefore important 

for understanding the evolution of Mars’ 

past climate: the Mars’ ice caps contain a 

record of past dust deposition [e.g. 8]. 

Upcoming retrievals from the ExoMars 

2016 Trace Gas Orbiter and its NOMAD 

spectrometer suite [9] will allow for further 

investigation of tracer transport and an op-

portunity to both cross-validate and jointly 

assimilate NOMAD and MCS data, 

including over a range of martian local 

times, which will enable investigation of 

the diurnal cycles of tracer transport and at-

mospheric dynamics at the poles. 
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