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Valverde2, Francois Forget1 and Francois Leblanc3, 1Laboratoire de Ḿet́eorologie Dynamique, CNRS, Paris, France,
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Introduction

NO nightglow emissions, already detected on Venus by
Pioneer Venus [1], have been observed for the first time
on Mars by SPICAM on board Mars Express [2]. These
emissions are produced by the recombination of Nitro-
gen and Oxygen atoms. These atoms are created by
photodissociation of CO2 and O2 in the dayside ther-
mosphere. The interhemispheric transport followed by
a downwelling takes them to the nightside lower thermo-
sphere/upper mesosphere, where they recombine. Each
recombination produces a photon in theγ andδ bands
of NO. So, a coupling of radiative, transport and radia-
tive processes is at the core of this emission. It is for
this reason that the observations of the NO nightglow by
SPICAM can be very valuable to constrain the rather un-
known dynamics of the Martian upper atmosphere.

MGS Radio Science (RS) experiment and Mars Ex-
press MaRS instrument have allowed to measure the
electron density profiles of the Martian atmosphere [3,4].
Given that the electron density at the peak is controlled
by local photochemistry and it is thus very sensitive to
the neutral density, these measurements of the electron
density profiles can provide important information about
the coupling between the lower and the upper atmo-
sphere [3].

Both datasets are very valuable to constrain the
recently extended to the thermosphere LMD-MGCM.
However, specific tools to simulate these processes have
to be included in the model, that does not include, in its
reference version [5], nor the chemistry of the Nitrogen
species neither ionospheric chemistry. This is the main
aim of this work.

Nitrogen chemistry on the LMD-MGCM

The thermospheric chemistry included in the reference
version of the LMD-MGCM is described in [6]. In short,
it considers 27 reactions between 12 species of the C,
O and H family (in particular, CO2, CO, O3, O2, O,
O(1D), H, OH, HO2, H2, H2O, H2O2). The approxima-
tion of photochemical equilibrium is used for the fastest
species. The most important catalytic cycles, essential
for the long-term stability of the Martian atmosphere, are
included. The reaction rates are taken from the latest JPL
compilation.

To simulate the NO nightglow, 5 new species of the N

family have been included: N, N(2D), NO, NO2 and N2.
The UV heating module has been extended to accomo-
date for the absorption of UV solar radiation by N, NO,
NO2 and N2. This absorption can drive towards dissocia-
tion or ionization of the chemical species. 18 new chem-
ical reactions are considered, including the photodissoci-
ations of N2 and NO2. As before, the reaction rates are
taken from the JPL compilation.

This new chemical scheme was first implemented
and tested in a 1-D model of the Martian atmosphere
developed at the Instituto de Astrofı́sica de Andalućıa
(Granada, Spain) [7]. The lower CPU time requirements
of such a 1-D model when compared to a GCM allowed
to perform a number of tests to guarantee the stability
and numerical behavior of the chemical model.

In order to be implemented in the LMD-MGCM, and
given that some of these species have a very short chem-
ical lifetime, the approximation of photochemical equi-
librium has been used for the fastest constituents. The
accuracy of this approximation was first carefully tested
in the 1-D model.

These 5 new species are included as tracers in the
LMD-MGCM, so the changes in their concentration due
to dynamics, molecular diffusion and other processes can
be calculated, allowing for the coupling between chem-
istry and dynamics.

Ionospheric chemistry on the LMD-MGCM

The main aim of this ionospheric model is to study the
coupling between the plasma and the neutral atmosphere,
including the effects over the energy balance and the dy-
namics of the GCM. The inclusion of the ionospheric
module on the LMD-MGCM will also allow the com-
parisons with the measurements of the electron density
profiles.

The model is specially designed to reproduce the
main features and the variability of the mean ionospheric
peak, located at about 140 km of altitude. The latest ob-
servations confirm that this region is largely controlled
by photochemistry [3], therefore we do not include pro-
cesses like ambipolar diffusion and interaction with the
solar wind. This limits the validity of our model to alti-
tudes below about 180 km, but does not affect the results
in the region of the mean ionospheric peak.

As for the Nitrogen chemistry, the extension of the
chemical scheme to include ionospheric reactions was
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first done in a 1-D model. New chemical species and new
chemical reactions had to be included. We have selected
37 reactions between the most abundant ions of the Mar-
tian atmosphere (O+2 , O+, CO+

2 , CO+, N+, NO+, N+

2 ,
H+, NO+, N+

2 , H+ and C+). We have also modified the
scheme that calculates the absorption of UV solar radi-
ation to obtain the photoionization rates of CO2, O2, O,
CO, NO, N2, H and N in their different channels. The
plasma is considered to be globally neutral.

In order to accelerate the calculations to make this
scheme suitable for the GCM, the photochemical equi-
librium approximation was tested and implemented for
all the ionic species. This approximation is possible be-
cause most of the ions have short lifetimes when com-
pared with the neutrals. A number of numerical stability
and internal consistency tests have been made, showing
a good numerical behavior.

Nitrogen chemistry: first results

The Nitrogen chemistry model has been exercised for a
full Martian year with the aim of studying the seasonal
and latitudinal variations of the NO nightglow emissions
and comparing with SPICAM observations. These vari-
ations will be presented and analyzed.

We will pay special attention to the comparison of
the predicted peak intensity and altitude with SPICAM
observations. Two representative examples are shown in
fig. 1, where the black solid lines represent the emission
profiles predicted by the LMD-MGCM at the location of
two specific observations of SPICAM. The observed pro-
files are shown as red dashed lines. It can be seen that,
in the first case, the model reproduces correctly the in-
tensity of the peak, but its altitude is overestimated. In
the second case, both the intensity and the altitude of
the peak are overestimated by the model. Although the
model is not able to successfully reproduce each of the
observed profiles, the average observed intensity is ade-
quately predicted. However, the altitude of the predicted
peak is on average higher than observed. The model
also predicts an important variability of the peak inten-
sity with local time and geographic longitude. This could
explain in part the high variability observed by SPICAM.

The sensitivity of the predicted peak intensity and al-
titude to different parameters that are known to be impor-
tant in the upper Martian atmosphere will be studied.

Ionopheric chemistry: first results

A series of preliminary results can be obtained from the
ionospheric modules. They still need to be confirmed
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Figure 1: Red dashed lines: emission profiles observed
by SPICAM at two particular orbits. Solid black lines:
emission profiles predicted by the LMD-MGCM at the
same location and Local Time

by further tests, so the results mentioned below should
be seen more as an indication of the capabilities of the
model than as evidences of a real behavior of the Martian
ionosphere. However, they reproduce qualitatively some
of the latest observations of the Martian ionosphere.

The ionospheric chemical scheme predicts a iono-
spheric peak between 120 and 140 km, approximately.
The most abundant ion is O+2 , as it is well known from
previous models and measurements [8]. A lower sec-
ondary peak is occasionally obtained.

Our model can track the daily concentration changes
in the ionosphere, that as expected are higher in the lower
ionosphere (between about 90 and 120 km), where colli-
sions are more frequent. Due to their short lifetime, most
of the ions quickly disappear at night. NO+ is an ex-
ception due to its longer lifetime, so it maintains a night-
time ionosphere, although much weaker than during the
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day. Large abundances of NO+ are obtained in the lower
ionosphere, in good agreement with previous models [9].

The variation of the ionospheric peak with the So-
lar Zenith Angle (SZA) will also be presented. It will
be seen that the results of our model fit well with the
Chapman approximation at low SZA, with some devi-
ation at higher SZA values. This is a typical behavior
of most ionospheric models [8]. Also the altitude of the
peak changes with SZA.

The sensitivity of the ionosphere to the solar activity
has also been studied. The larger effects are obtained at
the altitude of the ionospheric peak.

Summary

The thermospheric chemistry module included in the
LMD-MGCM has been extended and includes now the
chemistry of the Nitrogen family and a basic ionospheric
chemistry. This opens the doors to comparisons with
some of the lattest observational results, such as the NO
nightglow and the electron density profiles. This will al-
low for a better interpretation of these observations and
will be a very valuable validation exercise for the re-
cently extended to the thermosphere LMD-MGCM.
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