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Introduction:  In preparation for future missions to 

Mars, and in particular for the ExoMars Trace Gas 

Orbiter (TGO), improvements in existing retrieval 

techniques need to be investigated. These include, for 

example: improvements in spectroscopy, or the use of 

synergies, where measurements from multiple spectral 

regions and/or instruments are combined. Several dif-

ferent avenues of development will be investigated in 

this study.  

Most of the new techniques were applied to the de-

tection of CO (for which vertical information is the 

next scientific objective) and CH4 (to increase the 

probability of detection if present), but could be ex-

panded to other atmospheric constituents, such as wa-

ter (vertical information) or isotopologues (increase 

detection ability) in future.  

Other improvements relate to the development of 

retrieval techniques intimately linked to global circir-

culation modeling (GCM): one typical example would 

be the use of GCM fields, to take into account inho-

mogeneities along the Line of Sight (LOS) or across 

the terminator. The latter will be of direct use to the 

two spectrometer suites on board ExoMars, for which 

solar occultation will be one of the major observation 

modes. GCM and radiative transfer modeling will also 

improve the way trace gases are characterized. 

In the following investigation, we will describe the 

different developments undertaken in our groups in 

preparation for the next generation of Martian data. 

 

Spectroscopic Developments:  Different im-

provements have been investigated, such as the use of 

modified line profiles including the effects of speed 

dependence and line mixing (very important for CO2 

and CH4). Line lists have to be adapted and we must 

therefore rely on the latest laboratory studies available. 

We will illustrate this topic with 2 different laboratory 

studies performed on CO [1], HCl [2] and CH4 [3].  

 

Synergistic retrievals using different spectral 

ranges or different instruments:  Most of the studies 

conducted to date have relied on a single spectral do-

main retrieval approach. Synergistic retrievals make 

use of absorption features present in different spectral 

ranges which are usually investigated independently. 

Typical examples include the simultaneous observation 

of species in the thermal and short wave infrared (TIR 

and SWIR) showing distinct properties of absorp-

tion/emission: Sensitivity to the boundary layer is re-

duced in the TIR by the thermal contrast between the 

surface and the first atmospheric layer, and SWIR ob-

servations provide column densities with high sensitiv-

ity near the ground. TIR measurements are most sensi-

tive in the middle atmosphere but have in most cases 

only little sensitivity in the lower troposphere. In con-

trast SWIR measurements are sensitive at any tropo-

spheric altitude with a pronounced sensitivity to near-

surface. Synergistic retrieval is expected to increase 

the sensitivity near the surface.  

The analysis will be illustrated on CO which has 

two main absorption bands at 2.3 m and 4.7 m. 

Combining the information simultaneously from TIR 

and SWIR domains has already been demonstrated in 

Earth observations to improve knowledge of the lower 

atmosphere distribution. 

 

Cross-Terminator improvements: The termina-

tor, a very peculiar region of the atmosphere that solar 

occultations probe, is the limit between the day and 

night sides of the planet. It therefore delimits two re-

gions in which the solar illumination and the photo-

chemistry are quite different. Most of the solar occulta-

tion retrieval algorithms implemented nowadays [4, 5] 

rely on a series of assumptions, the most important one 

Figure 1: Example of the results of the fits with 

various profiles of a 
12

C
16

O line, recorded at the 

lowest and highest total pressures (line mixing is 

included). 
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being that the atmosphere is spherically symmetric, i.e. 

that identical temperature, concentration and density 

conditions are found at a given altitude independent of 

the latitude or longitude. However, it is known that 

densities are lower and temperatures are higher on the 

dayside than on the night side, particularly at the high 

altitudes where solar occultations sound the atmos-

phere. This, combined with the fact that the footprint 

of an occultation on the surface of the planet usually 

varies by 100 to 400 km, casts doubts on the validity of 

the hypothesis related to the symmetry of the atmos-

phere along the line of sight. We are developing a new 

approach to suppress these limiting assumptions: the 

precise modelling of trace species distributions at the 

terminator will be intimately coupled with the im-

proved retrieval schemes. This is made difficult by the 

rapid timescales of photochemistry at sunrise and sun-

set, which produce acute variations in the trace gas 

concentrations at the terminator. Improved knowledge 

of the processes taking place at the terminator will be 

obtained by the coupling of a GCM [6] and a chemis-

try box model [7] with much shorter timescale, which 

is applied along a Lagrangian trajectory. It then will 

become feasible to supply the retrieval codes with best 

guesses of the gradients existing across the terminator 

and the non-homogeneities of composition along the 

LOS. This requires a very close interaction between 

retrieval codes and atmospheric models at an unprece-

dented level. This development will be tested on SOIR 

(Solar Occultation in the IR on board Venus Express 

ESA mission) and SPICAM (on board Mars Express) 

spectra obtained under solar occultation geometry.  

 

GCM & modeling developments:  General circu-

lation models (GCM) describe how the 3-dimensional 

atmospheric structure and dynamics evolve with the 

time of day. GCMs are a crucial tool in the interpreta-

tion of measurements, filling in the observational gaps 

of time and space. Detailed model (3D and 1D) studies 

of Mars atmospheric chemistry in twilight conditions 

will help understand the diurnal cycles for a series of 

species. In particular, ozone (O3) shows a complex 

photochemistry driven by the solar illumination. We 

apply the GEM-Mars GCM with interactive chemistry 

[6] and will combine this with a 1D model which al-

lows for shorter integration time steps[7].  

The extension of the thermal soil model in the 

GCM, with a model for water vapor exhange and sub-

surface ice and clathrate stability, will allow to study 

the impact of surface gas releases on the atmospheric 

composition.  
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Figure 2: Retrieval profiles obtained with ASIMUT 

in the case of Ls=30-60°, high concentration and no 

aerosols. The mode of the retrieval was set on "pro-

file". First column of plots are the vertical profiles 

of vmr for each fitted species (from top to bottom: 

CO, H2O and CO2). Second column represents the 

variability matrix which has been set to 10%. Then 

the Averaging Kernels together with the degree of 

freedom value. And last represents the error matri-

ces. 
 

 
Figure 3: Example of retrieval of CO, CO2 and H2O 

from solar occultation and interpretation 
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