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Introduction:   
 
The annual retreat of the seasonal north polar cap 

during local springtime is a phenomenon which has 
been observed since the times of only Earth-based 
visual telescopic observations, e.g. Antoniadi 
(1930), Dollfus (1973), Iwasaki et al. (1979). In-
struments in orbit in the space age have monitored 
the event with high precision. We analyze the retreat 
as simulated in a 3D Global Circulation Model for 
Mars, GEM-Mars, and compare it to a selection of 
datasets (MARCI, OMEGA, TES, THEMIS, GRS). 
The so-called water ice annulus, a zone of water ice 
deposited on the surface around the CO2 ice cap, is 
also simulated. Comparisons with purely visible da-
tasets only allow for a comparison of the extended 
polar cap zone (CO2+H2O ice zones). IR sensitive 
sensors (TES, THEMIS, OMEGA) provide addi-
tional information on the boundaries of the CO2 and 
H2O ice cap regions.  

 
The temporal evolution of the seasonal cap re-

treat during local springtime is simulated in reasona-
ble agreement with the datasets, but additional work 
is needed on the precise simulation of the surface 
water ice. 

 
 
The GEM-Mars 3D GCM:   
 
The Global Environmental Multiscale model for 

Mars (GEM-Mars) is a 3D gridpoint global circula-
tion model (GCM) for Mars based on the terrestrial 
community model GEM, which is used for opera-
tional weather forecasting by the Meteorological 
Service of Canada (Coté et al. 1998). A first version 
of GEM adapted for Mars was the GM3 model of 
Moudden and McConnell (2005). New physics rou-
tines were added by Akingunola (PhD, 2008) and 
since 2009 at the Belgian Institute for Space 
Aeronomy. GEM-Mars is typically run on a 4°x4° 
uniform grid and has 102 hybrid levels ranging from 
the surface to ~150 km. GEM-Mars has an interac-
tive 14 layer soil model including a subsurface ice 
table, a surface layer treatment following Monin-
Obhukov similarity theory, a roughness length map 
(Hébrard et al. 2012) implemented on the sub-grid 
scale, a parameterization for the convective bounda-
ry layer (Holtslag and Boville, 1993), active dust-, 
CO2-, pressure- and water cycles, a low level block-

ing scheme and gravity wave drag parameterization 
(Zadra et al. 2003), and online photochemistry (Gar-
cia-Munoz et al. 2005, Neary et al., this workshop). 
Also routines for active dust lifting by saltation and 
dust devils were recently implemented in GEM-Mars 
(Daerden et al., this workshop). 

 
In order to manage the high resolution geophysi-

cal fields (albedo, thermal inertia, roughness length) 
in the framework of the coarser GCM, subgrid scale 
treatments were developed based on a histogram 
method. This is a first step towards a subgrid scale 
treatment of the permanent north polar water ice cap. 

 
 
Polar cap formation: 
 
The CO2 ice formation is implemented in GEM-

Mars in a way similar to the original work of Forget 
et al (1998). The heat flows between atmosphere and 
surface are proportional to the thermal inertia (data 
from TES). The factor of proportionality is physical-
ly related to the surface heat capacity, and by impos-
ing the soil volumetric heat capacity, it is related to 
the depth of the heat exchange region. The CO2 ice 
is formed by instantaneous condensation in the at-
mosphere and the sedimentation occurs through an 
instant cascade. Also direct freezing onto the surface 
is taken into account.  

 
The polar cap simulation needs to be done such 

that it simultaneously complies with several observa-
tional constraints, e.g.: 

- the radius of the visible cap and the related 
latitude coverage, provided by MARCI im-
ages (Cantor et al. 2010); 

- the total CO2 ice mass in the polar caps, pro-
vided by MOD/GRS (Kelly et al. 2006); 

- the pressure variation (which is calculated 
interactively in the GCM), provided by Vi-
king Lander and Phoenix lander (Taylor et 
al. 2010) surface pressure measurements. 

 
Furthermore data from Wagstaff et al. (2008), 

using THEMIS and TES, and Appéré et al. (2011) 
using OMEGA, provide more in-depth analysis of 
the composition of the cap, in terms of bulk CO2 ice 
and the surrounding water ice annulus. This imposes 
important new constraints in addition to the ones 
listed above. 



 

 

 
The water cycle in the present GCM starts with a 

permanent water ice cap in the north which releases 
water vapor as a tracer emitted in the surface layer 
and subsequently following the resolved general 
circulation. Formation of ice occurs in the atmos-
phere (freezing into 2 µm particles with explicit 
treatment of sedimentation) as well as by direct 
freezing onto the surface (see also Neary et al., this 
workshop).   

 
 

Polar cap simulations: 
 
The simulations start at Ls=0° from a model state 

coming from previous multi-annual model runs. The 
CO2 cycle reaches a state which is consistent with 
the CO2 ice mass cycle from GRS (Kelly et al. 2006, 
Haberle et al. 2008). Also the surface pressure cycle 
becomes consistent with the measurements of the 
Viking Landers, the Phoenix lander (Taylor et al. 
2010) and MGS/TES (Smith, 2004).  

 
While the GCM produces an atmospheric water 

cycle in reasonable agreement with the measure-
ments of TES (see Neary et al., this workshop), it 
currently underestimates surface water ice in the 
northern subpolar regions. This may be related to an 
implementation problem, a non-optimization of 
model parameters (e.g. the imposed albedo of the 
surface water ice, currently set to 0.36), or it may 
simply need more spin-up time (e.g. Richardson and 
Wilson, 2002). This is work in progress. 

 
Figure 1 compares the equivalent radius of the 

seasonal north polar cap to data derived from 
MARCI images (Cantor et al. 2010). MARCI will 
only detect the total visible cap, which is composed 
of a bulk region of CO2 ice and a surrounding water 
ice annulus. When the surface water ice is increased 
in the initial conditions, the correspondence to the 
MARCI cap radius is better (green curves).  
 

 
 
Figure 1: Simulation of the seasonal north polar 
cap radius compared to MARCI results for 
MY29 (black squares). Star symbols represent 
the CO2 ice area, and dashed lines the surface 
water ice outside of the CO2 area. Square 

symbols represent the total visible cap in the 
simulations. Blue: simulation with low initial 
surface water ice; green: simulation with 
increased initial surface water ice. 

 

 
 
Figure 2: MARCI mosaic image for Ls=48.7° 
showing the seasonal north polar cap. The added 
contour represents the outer edge of the water ice 
annulus as simulated in GEM-Mars. 

 
A direct comparison between the visible cap 

simulation and MARCI is shown in Figure 2. 
 

IR sensors such as THEMIS and OMEGA can 
provide more information on the composition of 
the cap (Wagstaff et al. 2008, Appéré et al. 2011). 
Here we focus on the comparison of the GEM-
Mars simulations with OMEGA.  

Figure 3 shows some initial results. The CO2 ice 
boundary in the GCM is located too far to the north, 
although the average deviation from the data is com-
parable to the horizontal grid resolution of the model 
(4 degrees). The water ice annulus is comparable in 
range to the values reported in Wagstaff et al. 
(2008), but only for the simulation with enhanced 
initial surface water ice. 

 
 

 
 
Figure 3: Comparison of the GEM-Mars simula-
tion results to OMEGA and MARCI (MY29) da-
ta, for the zonally averaged limits of the different 
regions in the seasonal cap. As explained in 



Appéré et al. (2011) the model CO2 boundary has 
to be compared to the OMEGA albedo boundary. 
The vertical lines represent the latitude range of 
the water ice annulus in the GCM (simulation 
with enhanced initial surface water ice). 
 

Conclusions: 
 
The GEM-Mars model produces a CO2 cycle in 

reasonable agreement with the polar ice mass meas-
urements from GRS (Kelly et al. 2006). The present 
work is trying to improve our understanding of the 
spatial extent of the simulated cap, with specific fo-
cus on the springtime retreat of the seasonal north 
polar cap. Early simulations presented here indicate 
that the latitudinal coverage of the cap is too small in 
comparison to the results from OMEGA (Appéré et 
al. 2011), but the typical deviation is comparable to 
the resolution of the model grid. More problematic is 
the simulation of the surface water ice. In the current 
standard model simulation the water ice annulus is 
too small. Only by imposing enhanced initial condi-
tions for the surface water ice, the simulation of the 
polar cap, including the water ice annulus, becomes 
comparable to the measurements from MARCI and 
OMEGA. Future work includes improving the simu-
lation of the surface water ice. 
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