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Introduction:  In  recent  years  there  has  been  in-
tense interest in understanding the composition of the 
atmosphere  of  Mars  since  the  existence  of  certain 
compounds with relatively short lifetimes suggest ac-
tive production mechanisms. Of particular interest has 
been methane, which has been identified by orbital re-
mote  sensing  [1]  and  Earth-based  telescopes  [2,  3]. 
Methane is thought to have a lifetime on the order of 
300 to 600 years [4, 1] so its presence must indicate a 
strong active source to maintain itself. The most likely 
sources may be geological  processes such as serpen-
tinization or from biological activity [5]. 

Identification  of  trace  gases  requires  high  signal 
strength  and  very  high spectral-resolution.  The Tun-
able Laser  Spectrometer  on NASA’s Curiosity rover 
will have such resolution but its measurements will be 
restricted  to  its  location.  An orbiting  high-resolution 
solar  occultation  Fourier  Transform  Spectrometer 
(FTS) will be capable of resolving individual methane 
absorption lines in spectra recorded over a large range 
of altitudes and with globally distributed observations. 
This work presents efforts to prepare the analysis soft-
ware for such an instrument. We look at a method to 
determine the temperature of the atmosphere at the al-
titude of each observation and investigate the effects 
that  changing  dust  levels  during  an  observation  can 
have on the spectra and subsequent analysis. 

The  Mars  Atmospheric  Trace  Molecule  Occulta-
tion  Spectrometer  (MATMOS)  investigation  was  a 
collaboration  between  the  Canadian  Space  Agency 
(CSA) and NASA’s Jet Propulsion Laboratory. It was 
intended to fly on the European Space Agency’s Exo-
Mars  Trace  Gas Orbiter  until  NASA withdrew from 
the ExoMars mission. The MATMOS instrument is a 
Michelson  interferometer  that  uses  two cube corners 
rotating on a single pivot to produce a maximum opti-
cal  path difference (OPD) of 50 cm. Heritage is de-
rived from the CSA’s Atmospheric Chemistry Experi-
ment (ACE) on-board SCISAT [6]. The FTS operates 
in solar occultation mode where the instrument’s field 
of view is centred on the sun during the satellite’s sun-
sets and sunrises, relative to Mars. During each occul-
tation several interferograms are recorded with tangent 
height spacing of a few km. Interferograms are Fourier 
transformed into intensity  spectra  and  transmitted  to 
Earth. 

Spectral fitting and retrievals of volume mixing ra-
tio (VMR) vertical  profiles  was to be done with the 
GGG software suite used by the MkIV balloon flights 
[7]  and the ground-based Total  Carbon Column Ob-
serving Network (TCCON) [8].  GGG performs non-

linear least squares fitting over a narrow wavenumber 
interval between the measured and computed spectra. 
All the spectra from an occultation are fit simultane-
ously using a global-fitting algorithm [9].

Temperature Retrievals: Performing accurate gas 
retrievals  requires  accurate  temperature  and  pressure 
knowledge at the tangent altitudes of each observation, 
since  the  magnitude  of  vibration-rotation  absorption 
lines depends on temperature and pressure.  We esti-
mate temperature by examining the difference between 
the  computed  and  measured  spectra  from the  vibra-
tion-rotation bands of CO2, which makes up 95% of 
the Martian atmosphere.

The variables in GGG’s state vector are ratios of 
the total slant column of a target gas deduced from the 
measurement to the a priori total slant column of that 
target  gas.  These  are  the  VMR scale  factors  (VSF), 
and are, in turn, related to the ratio of the depths of the 
lines within the retrieval wavenumber range [10]. The 
VSF is related to temperature as:
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where E'' is the lower energy state of the transition, 

Tap is the a priori temperature, Tc is the temperature of 
the computed spectrum,  k is the Boltzmann constant 
and C is a constant that can be related to pressure. We 
take ten CO2 bands and divide their wavenumber do-
mains  into  small  micro-windows  featuring  two  or 
three lines.

By comparing the retrieved VSFCO2 to the average 
E'' in each window, we can determine a new value for 
Tc. We then average the results from each band. Each 
band is sensitive in different, but overlapping, altitude 
ranges, depending on the strength of the lines and any 
interfering species.

The technique has been applied to spectra recorded 
by the ACE-FTS and compared to the retrievals made 
by the ACE collaboration. Results for one occultation 
are shown in Figure 1.

Effects of Dust: Atmospheric dust on Mars can be 
airborne  for  extended  periods  of  time  and  abundant 
enough to strongly attenuate the incident solar radia-
tion.  The majority  of  the  trace  gases  of  interest  are 
most abundant near the surface, where the dust extinc-
tion is typically largest. Due to the high quantity and 
large  vertical  extent  of  Martian  dust,  an  instrument 
like MATMOS faces  an interesting challenge. While 
an interferogram is being recorded, the field of view is 
being swept through the atmospheric limb continuous-
ly and can scan through several km during a single ac-
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quisition. In an altitude region where the dust quantity 
changes rapidly the incident solar intensity can change 
between the start  and  end  of  an  acquisition.  This  is 
shown in the left  panel  of  Figure  2;  the right  panel  
shows how GGG interprets such an observation.

Figure 1: Results of our temperature retrieval for a ter-
restrial ACE occultation. The a priori  temperature pro-
file is in dashed magenta, the retrieval made by the ACE 
collaboration is in blue, and our retrieval in is red. The 
individual results from the ten CO2 bands are not shown 
for clarity. Our retrieval is in very good agreement with 
the ACE retrieval at most altitudes below 100 km.

We are investigating the effect of changing source 
intensity on retrievals.  A set  of synthetic spectra has 
been  generated  to  simulate  the  atmosphere  of  Mars 
and transformed into interferograms. GGG generated 
these spectra, each at a discrete altitude, as in the right 
panel of Figure 2. Each interferogram is then interpret-
ed with those from the altitude levels above and below 
to  simulate  the  instrument’s  field  of  view  moving 
through an  altitude  range with varying  dust  content. 
The primary effect of this is to shift the continuum lev-
el, which corresponds to a different amount of dust 

Figure 2:  The left panel shows three consecutive inter-
ferograms recorded while the source intensity is falling 
with time (e.g., sunset). The DC level decreases during 
each measurement and so the magnitude of each interfer-
ogram's centreburst falls. The right panel shows the as-
sumption implicit  in current GGG simulations of Mars 
spectra:  that  each interferogram is  recorded at  a  fixed 
tangent altitude with constant source intensity during the 
observation.

along the line of sight. The other major effect is that 
the relative line depths will be changed, which will al-
ter the retrieved gas VMR. 

The TCCON collaboration has successfully studied 
ways to mitigate these effects using filters applied to 
the low-wavenumber region of a Fourier-transformed 
interferogram [11], but for grey absorbers. Mars dust 
extinction is non-grey, which complicates the correc-
tion for its effects. The data storage requirements for a 
set of interferograms from a single occultation is very 
large,  therefore,  only the  much  smaller  transmission 
spectra may be transmitted to Earth from Mars.  Our 
objective is to look for ways to correct  for changing 
source intensity from the transmission spectra. This in-
vestigation thus aims to understand and quantify these 
effects and how they affect retrievals. The differences 
between the retrieved vertical profiles of target gases 
before and after this perturbation are shown, as well as 
the wavenumber-dependence of changes to the relative 
depth of lines, using the synthetic spectra.
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