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Introduction: The Martian atmosphere exhibits an 

annual cycle in the CO2 concentration; as much as 
30% of the atmosphere takes part in seasonal exchange 
of mass between the atmosphere and the seasonal polar 
caps. The signature of this global-scale annual cycle 
can be found in the variation of gravitational field. 
This information can be used to estimate the global-
scale seasonal mass and atmospheric pressure varia-
tions.  With recent Mars Global Surveyor mission, 
global scale C02 change in polar caps has been esti-
mated by several authors [1], [2], [3]. Although similar 
geodetic data are used, the results vary due to the dif-
ferences in the approximations made. In the present 
study, these approaches are discussed and the polar 
mass changes are estimated. The results are compared 
with the values given by two Martian Global Circula-
tion Models (GCM) as well as observations.    

Geodetic observations and Seasonal CO2 
Changes: At seasonal time scales, the distribution of 
mass at the planet’s surface varies because of atmos-
pheric circulation and condensation/sublimation of 
polar caps. Time variation of zonal coefficients of 
gravity field can be estimated from Mars Global Sur-
veyor (MGS) mission [3], [4]. In the present study, 
seasonal variations of the gravity field (expressed in 
dimensionless zonal harmonics of degrees 2 and 3, 
namely, ∆J2(t) and ∆J3(t) calculated from the MGS, 
pathfinder and Viking Lander data according to [3]), 
are employed.  

Any variation in mass distribution gives rise to a 
change in the gravity field. From geodetic measure-
ments, the variation of gravity field coefficients can be 
estimated. Changes in zonal harmonics are directly 
linked to the variations in surface mass density distri-
bution (∆σ) [5] by:  
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In the equation above, R ands M correspond to the 
mean radius and mass of the planet, P is the Legen-
dre’s polynomial of degree l , µ is the sine of latitude, 
and Ω is the solid angle representing the colatitude and 
the latitude.  

On the other hand, the mass change on each polar 
cap can be obtained form ∆σ, by using the geometry of 
polar cap and its mass distribution.  

Results: Seasonal polar mass changes and surface 
pressure variations are estimated. The outputs of GCM 
of Laboratoire de Météorologie Dynamique (LMD) [6] 

and NASA Ames [7] are used as a comparison with 
the present results.  

Polar Cap Mass Change Estimation: In figures 1 
and 2, estimated seasonal CO2 mass changes are plot-
ted together with the outputs of GCMs. These prelimi-
nary results show fairly good agreement in general, 
despite the high uncertainties in geodetic measure-
ments and the assumptions made on the geometry of 
polar caps [1]. The most important discrepancy occurs 
on the North Pole, during the summer season 
(90°<Ls<180°). Moreover, the CO2 on the North Pole 
from GCMs starts to accumulate later with respect to 
the results derived from geodetic observations. 

Surface Pressure Estimations: From the estimated 
total mass change in polar caps, global scale atmos-
pheric pressure variation can be calculated. In figure 3, 
estimated mean surface pressure variation by the pre-
sent method is compared with the GCM results of 
LMD. In agreement with the previous results, the 
comparison is fairly good, except for the northern 
summer season.  

Conclusions: Seasonal mass change between the 
polar caps can be estimated by geodetic measurements. 
The preliminary results are in fairly good agreement. 
According to these results, the most important discrep-
ancy occurs on the northern summer season. These 
discrepancies will be discussed in the paper.   
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Figure 1. Seasonal mass change in south polar cap. 
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Figure 2. Seasonal mass change in north polar cap (Leg-

end is given in Figure 1). 
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Figure 3. Mean surface pressure variation (Legend is 
given in Figure 1). 
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