
 
FIRST MODELLING OF THE MARS IONOSPHERE WITH THE 

EUROPEAN MARS GCM  

[F. González-Galindo] (1) (*), [G. Gilli] (2), [M.A. López-Valverde] (2), [F. Forget] (1) 

(1) [Laboratoire de Météorologie Dynamique, Paris, France] 
(2) [Instituto de Astrofísica de Andalucía CSIC, Granada, Spain] 

 [Francisco.Gonzalez-Galindo@lmd.jussieu.fr]   

The General Circulation Model (GCM) of the Martian atmosphere developed at the 
Laboratoire de Météorologie Dynamique (LMD, Paris) has been recently extended to the 
thermosphere in a collaboration with the Instituto de Astrofísica de Andalucía (IAA, Granada), 
[1,2] becoming the first single ground-to-exosphere Martian GCM. This allows for the first time 
to study the couplings between the lower and the upper atmosphere and between different physical 
processes, that the latest data have shown to be very important [3,4,5]. This model is being used to 
study the most recent observations of the upper Martian atmosphere [6].   

Recent improvements to the model include Nitrogen chemistry and an ionospheric module  
based on fast parameterizations which have been developed and tested using a 1-D model [7, 8]. 
For the ionosphere, the objective is two-fold. First, we want to study the coupling between the 
plasma and the neutral atmosphere, including the effects over the energy budget and the dynamics 
of the current model. Second, the inclusion of an ionospheric module will allow to use this GCM 
to analyze recent ionospheric measurements [9, 10] and improve its validation capabilities. 
The model is specifically designed to reproduce the nature and variability of the mean ionospheric 
peak, located at an altitude of about 140 km. This region is controlled by photochemical processes, 
so we are not including processes like ambipolar diffusion and interaction with the solar wind, that 
are known to be important above about 180 km [11]. This limits the altitude range of our model, 
but does not affect the validity of the results in the region of our interest. We have selected 37 
reactions between the most abundant ions (O2+, O+, CO2+, CO+, N+, NO+, N2+, H+), including 
the most important ionization channels. The plasma is considered to be globally neutral.  

  

Fig. 1 Vertical profiles for Solar maximum conditions, Solar Longitude (Ls) = 0 º, Latitude = 60º N and at 
noon. 
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In this work we describe the model and its basic assumptions, and present the electron 

density profiles obtained, paying special attention to its seasonal variability and the comparison 
with recent measurements. 
Figure 1 shows typical vertical profiles of the different ionic species of the model. The most 
abundant ion is O2

+ at all altitudes, and presents a F1-type peak between 130 and 140 km, all of 
this is well known from previous measurements and models [12]. A lower E-type peak around 105 
km is occasionally obtained in our model, specially when the NO+ becomes the dominant ion at 
those altitudes.  
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