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Introduction: The Length of Day (LOD) variations 

are associated with the seasonal redistribution of 
masses on planetary scale. Mars surface mass distribu-
tion varies at seasonal time scales due to condensation, 
sublimation and precipitation of CO2, the primary con-
stituent of the atmosphere. As much as a third of the 
atmosphere has been estimated to take place in this 
seasonal CO2 cycle. The sizes and masses of both polar 
caps as well as the atmospheric pressure change, result-
ing in seasonal variations of the Martian inertia tensor. 
In the absence of external torques, the rotation rate 
(∆LOD) is principally affected by the changes in the 
inertia tensor. 

If measured precisely enough, determination of 
Mars orientation parameters could help to remove 
some of the uncertainties associated with the interior of 
Mars. ∆LOD is linked to the planet’s interior through 
the ratio of the moment of inertias of the  whole planet 
and the mantle C/Cm, as well as the second degree 
loading Love number k2’ [1]. Precise knowledge of 
∆LOD would also help to better constrain the seasonal 
CO2 cycle as well as the atmospheric circulation 
through the evaluation of the wind effects on ∆LOD.  

The LOD variations on Mars have been estimated 
by various authors. On the basis of surface pressure 
data from Viking landers, [2] and [3] estimated the 
seasonal variations of LOD. With the help of Global 
Circulation Models (GCM) of Martian atmosphere, [4] 
[5] and [6] improved the previous ∆LOD estimates by 
including the atmospheric wind influence and a more 
realistic surface topography. LOD variations were ob-
served from the Viking and Pathfinder lander tracking 
data [7] and more recently from the tracking data of 
spacecrafts in the orbit of Mars [8] 

In the present study we calculate LOD variations 
using the outputs of the Martian Global Circulation 
Model of the Laboratoire de Météorologie Dynamique 
de Paris (LMD) [9]. We compare our results with pre-
vious estimates based on GCM data as well as with 
direct observations.  

 
Results and Conclusions: The amplitudes of the 

annual and semi-annual components of the ∆LOD are 
presented in Table 1. The results of [6] did not include 
effects of elastic deformation and of a liquid core. The 
solutions of the present study and [5] in which the 
loading effects are considered are in better agreement 
with the observations [8]  

The deformational effect decreases the rotation 
variations by about 8% [4]. As the ratio C/Cm is only 
about 1.03, a liquid core increases LOD variations at 
most by about 3%. However, this effect is to a large 
extent compensated by the different deformational ef-
fect, k2’. Deformation tends to decrease rotation varia-
tions, and its effect on rotation is a few percent larger 
for a liquid core than for a solid core. As a result, the 
effect of the state of the core is very small and on the 
order of 1% [4], [1]. The differences between the pre-
sent results and those of [5] and [6] can therefore not 
be explained in terms of the neglect of these effects but 
are most likely due to differences in the atmospheric 
models. This indicates that ∆LOD observations are 
useful to constrain the GCMs. 

 
 

Table 1 Comparison of annual and semi-annual 
amplitudes of ∆LOD solutions. 

 
Ref. Annual  (ms) Semi-Annual (ms) 

Present 0.23 0.19 
[5] 0.25 0.25 
[6] 0.19 0.14 
[8] 0.29 0.22 
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