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Introduction:  The rotation of Mars is not constant 

and present irregularities with time. Those are mostly 

associated with the seasonal cycle of Mars' atmosphere, 

and the condensation/sublimation of the icecaps. 

The dynamics of Mars atmosphere shows a large 

annual and semi-annual signal, in addition to the diur-

nal cycle. Besides those periodic components, in the 

present study we investigate the other atmospheric ef-

fects that can excite the polar motion.  

The influence of surface/atmosphere interactions on 

the rotation dynamics is classically estimated using the 

angular momentum approach. The Mars-atmosphere 

system is considered as isolated, so that any change in 

the atmosphere angular momentum is associated with 

an opposite change in the planetary angular momen-

tum. The angular momentum of the atmosphere can be 

separated into two parts: a matter term representing the 

rigid rotation of the fluid layer with the planet, and a 

wind term accounting for the relative motion of the 

fluid with respect to the surface of the planet. 

Atmospheric model: In our study, we used the 

Martian atmosphere Global Circulation Model (GCM). 

[1] of the Laboratoire de Météorologie Dynamique 

(LMD) to calculate the power spectrum of the atmos-

phere. The atmospheric excitation functions are calcu-

lated as given in [2].  

The atmospheric dynamics is not perfectly har-

monic and consequently, the associated excitation of a 

given rotational mode has to be often considered as a 

random noise. In this case the effect of the excitation is 

given by a white noise, which is characterized by its 

Power Spectral Density (PSD).  

Interior model: The interior model used to repre-

sent the planet Mars is composed of three homogene-

ous layers: a solid inner core, a liquid core and an elas-

tic model. This simple interior model allows studying 

the sensitivity to the inner core radius of Mars response 

to the atmospheric/ice cap forcing. The size of the solid 

inner core is varied, ranging from no inner core at all to 

a fully solidified core.  

Polar motion dynamics of a three layer Mars:  

We developed the equations for the rotation dynamic 

of a three layer Mars, in response to an excitation by 

either an external potential, or a superficial fluid layer. 

The corresponding excitation functions, associated 

respectively with the mass and the motion terms of the 

angular momentum, are computed from the output of 

the GCM  

Global deformation of each layer is estimated using 

a linearized elastic theory, represented by Love num-

bers. In order to estimate the effect of different inner 

core radii, we have used inner core radius-dependent 

Love numbers. All the details about the computation of 

those Love numbers are given in [3] and [4]. 

Results and Discussion: We have estimated the 

amplitude of the resulting polar motion, for a reason-

able interval of damping factor values for the two polar 

motion normal modes, i.e. the Chandler wobble and the 

Inner Core wobble.  

The amplitudes of the Chandler wobble and of the 

Inner Core wobble changes in the range of 0.5m-1.8m 

and of 0 mm-0.0015 mm, respectively, for reasonable 

values of quality factor and inner core radius. The PSD 

of the atmospheric excitation is at the level of several 

10
-17

 for the Chandler wobble and of 10
-13

, for the inner 

core wobble as given by the preliminary run of the 

GCM.  

Chandler wobble excited by the atmosphere is di-

rectly related to the Chandler wobble dumping factor, 

which depends on the properties of Martian interior. 

On the other hand, the determination from the observa-

tions of the quality factor of the Chandler wobble, even 

for the Earth, is a challenging problem, as the forcing 

noise level is not known with a sufficient precision. 

Consequently, the analysis of the polar motion, and in 

particular of its normal mode, is one of the few possi-

ble ways to constrain the interior of Mars 

At the level of excitation predicted by the present 

run it is very unlikely to detect the Inner Core wobble 

excited by the atmosphere. The Inner Core wobble will 

be largely amplified if its period is close enough to a 

harmonic of the atmospheric angular momentum func-

tion at which the power is strong and consistent. More 

detailed analysis of the atmospheric excitation is under 

investigation. 
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