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Introduction:   
Powerful and flexible atmospheric modeling ca-
pabilities are a vital and necessary tool in addi-
tion to an increasing observational dataset to 
enhance our understanding of the processes 
taking place in the Martian atmosphere.  
The GEM-Mars three-dimensional general cir-
culation model [1] takes advantage of the cut-
ting edge efforts made by the numerical weath-
er prediction (NWP) community by using the 
operational framework and dynamical core of 
the Global Environmental Multiscale (GEM) 
model from the Recherche en Prévision Numé-
rique (RPN) division of Environment Canada 
[2][3][4]. The current version available to the 
community (under the GNU Lesser General 
Public Licence v2.1) is GEM 4.2.0 and this has 
been converted from the terrestrial application 
for the simulation of the Mars atmosphere. The 
advantage of using code from an operational 
weather prediction model is that it is fully paral-
lelized and efficient.  
The objective of this work is to present the cur-
rent state and performance of the model now 
that the ESA-Roskosmos ExoMars Trace Gas 
Orbiter (TGO) mission is in orbit around Mars. 
GEM-Mars will play an integral part in the anal-
ysis of data that is received by the Nadir and 
Occultation for Mars Discovery (NOMAD) in-
strument [5] on board the TGO.  
 
Model Description:  
The dynamical core of GEM-Mars uses a semi-
Lagrangian advection scheme with a two-time-
level semi-implicit integration method that 
allows for a relatively long time step while main-
taining stability. The option to run with hydrosta-
tic or non-hydrostatic formulation of the primati-
ve equations gives the capability of running at 
multiple horizontal scales down to the mesosca-
le. The results presented here will be at 4°x4° 
horizontal resolution, with 103 vertical levels up 
to ~160 km. The integration time step is 30 mi-
nutes. 
The radiative transfer code in GEM-Mars inclu-
des CO2 absorption and emission in the 15 µm 
band as given in [6] and absorption in the near 
infrared as described in [7]. For dust and wáter 
ice clouds, a two-stream method [8] is applied in 
5 wavelength bands in the visible and infrared 
range. Dust is represented by 3 size bins (0.1, 

1.5 and 10 µm) and the spatiotemporal distribu-
tion is computed online with a dust lifting para-
meterization and transport due to advection, 
sedimentation and mixing. The dust optical 
depths can also be scaled to a climatological 
value [9] for a specific year. Figure 1 shows the 
zonal mean of dust optical depth at the equator 
computed by the model  compared with the sca-
led climatalogical value for Mars year 26.  
 

 
Figure 1 Equatorial zonal mean of dust optical depth 
for the free-running dust lifting scheme (blue) com-
pared with the optical depths scaled to MY26 climatol-
ogy (binned every 10 Ls). 

 
Water ice clouds are radiatively active, using 
the optical properties computed with refractive 
índices from [10] using 4 µm particles. As the 
model extends above 100 km, non-LTE correc-
tions are appled [11]. 
The model also includes an interactive CO2 
condensation and surface pressure cycle, a 
thermal soil model, turbulent transport in the 
atmospheric surface layer and convective 
transport inside the planetary boundary layer. 
The effects of the extreme Martian topography 
are considered with a low level blocking scheme 
[12] and a gravity wave drag parameterization 
[13].  
The model includes 15 chemical species with 
15 photochemical and 31 gas-phase reactions. 
For methane experiments, a large number of 
tracers can be added. 
 
Comparisions to Observations: 
To evaluate the GEM-Mars GCM performance, 
we compare a generic one-year simulation with 
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free-running dust to observational datasets. 
Figure 2 shows the zonal mean total column 
H2O vapour for one year compared to the aver-
age values measured by the Thermal Emission 
Spectrometer (TES) [14] onboard the Mars 
Global Surveyor (MGS) . The model reproduces 
the main characteristics of the seasonal evolu-
tion. 
 

 
Figure 2 Zonal mean TES (top) column water vapour 
in pr-µm compared with GEM-Mars (middle) with the 
difference in the lowest field. 

 
To evaluate the gas-phase chemistry in the mo-
del, we use measurements by the Mars Color 
Imager (MARCI) [15] of column ozone. The ma-
jor seasonal features are captured, including the 
maximums seen at high latitudes in fall, winter 
and spring. 
 

 
Figure 3 MARCI (top) zonal mean daytime column 
ozone compared with GEM-Mars (bottom). 

 
Summary and Conclusions: 
The BIRA-IASB GEM-Mars model has under-
gone significant updates and improvements and 
is positioned to play a vital role in the analysis of 
new data anticipated from the NOMAD instru-
ment on the ExoMars TGO mission. We de-
scribe the fundamentals of the model, its capa-

bilities and evaluate the main atmospheric fields 
by comparing to the latest data. 
Recently the model has been applied to unique-
ly explain detached layers of dust in the north-
ern summer that were observed by the Phoenix 
lander [16]. Also the transport and vertical dis-
tribution of methane after a surface release was 
investigated with the model [17]. The climatolo-
gy of CO and H2O from the model was com-
pared with observations from the Compact Re-
connaissance Imaging Spectrometer for Mars 
(CRISM) [18]. 
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