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Introduction: The Thermal Emission Spectrometer 

(TES) aboard the Mars Global Surveyor (MGS) space-
craft has generated an unprecedented wealth of infor-
mation about Mars. Although TES is primarily a sur-
face-oriented instrument [1], analyses of TES spectra 
have also yielded abundant information about the mar-
tian atmosphere, including its thermal structure, dust 
opacity, column abundance of water vapor, and optical 
properties of airborne dust and water ice particles [2-
5]. The information about the spatial and temporal 
variability in these parameters has in turn enabled a 
wide range of scientific studies. In particular, TES re-
trievals have led to a description of the amplitudes, 
dominant wave periods, and seasonal evolution of 
planetary waves [6-10], provided insights into dust 
storm generation mechanisms [11], and, together with 
the Viking data, have served as a reference to studies 
of the Mars water cycle [12].  

In the TES retrieval work performed to date, the fo-
cus has been on the non-polar regions. For example, 
the opacity product in the Planetary Data System 
(PDS) is essentially non-existent when the surface 
temperature drops below about 220 K. This is princi-
pally due to the small thermal contrast between the 
atmosphere and the ground when the surface is as-
sumed (as it is in the PDS retrievals) to have near-
black-body emissivities [13]. Furthermore, the polar 
temperature profiles in the PDS have been obtained 
without specifically accounting for the polar emissiv-
ities that are often very different from the non-polar 
emissivities. This affects both the convergence rate of 
the retrievals as well as accuracy of the retrieved at-
mospheric temperatures in the near-surface layer. Our 
work aims at performing simultaneous retrievals of 
atmospheric and surface parameters from the TES po-
lar spectra using an inversion algorithm adapted to 
Mars from our terrestrial remote sensing work. Two 
principal factors motivating our work are: 1. Locations 
of anomalously low emissivities (“cold spots”) have 
been identified in the TES spectra of the polar regions 
[14]. For these locations, a simultaneous emissivity 
retrieval is necessary. 2 The thermal contrast is en-
hanced when the emissivity is low. Consequently, 
“cold spots” may be the preferred locations for retriev-
als of atmospheric dust opacities. 

Inversion Algorithm: In our work, we retrieve at-
mospheric and surface properties through a rigorous 
inversion of the TES spectra based on a maximum-
likelihood algorithm similar to that developed by AER 
for the Cross-track Infrared Sounder (CrIS) on the Na-
tional Polar-Orbiting Environmental Satellite System 
(NPOESS) [15]. This algorithm has been adapted to 
Mars to perform self-consistent atmospheric correc-

tions necessary to retrieve accurate values of surface 
emissivities. Our inversion methodology is based on a 
constrained non-linear least squares approach [16], in 
which the solution is found by minimizing a cost func-
tion via a Gauss-Newton method. Given the lack of 
direct surface pressure measurements, surface pressure 
is taken to be equal to the GCM-based values available 
from the PDS.  

Atmospheric Forward Model: The atmospheric 
contribution to the observed spectra is modeled using 
the Optimal Spectral Sampling (OSS) method [17-21]. 
The OSS technique has been developed and exten-
sively validated at AER for a wide range of terrestrial 
applications, including retrieval algorithms for the mi-
crowave and infrared sensors for NPOESS and a host 
of internal research applications. The latter include 
retrievals of temperature, water vapor, trace gases, 
surface and cloud properties from upward-looking 
spectra collected by the Atmospheric Emitted Radi-
ance Interferometer (AERI) Fourier transform infrared 
spectrometer operated at the Atmospheric Radiation 
Measurement (ARM)/Southern Great Plain site and a 
variety of orbital and airborne down-looking meas-
urements, including the Atmospheric Infrared Sounder 
(AIRS) aboard the EOS-Aqua spacecraft (it should be 
noted that with 2378 channels, the AIRS application 
places extreme demands on the computational speed of 
the OSS code). Currently, the OSS method is being 
considered for implementation at the National Centers 
for Environmental Prediction (NCEP) for operational 
numerical weather prediction and data assimilation. 

The OSS approach is an extension to vertically in-
homogeneous atmospheres of the Exponential Sum 
Fitting Transmittance (ESFT) method of Wiscombe 
and Evans [22] and consists of approximating radi-
ances in each spectral channel as linear combinations 
of radiances computed at selected monochromatic lo-
cations. Since the OSS method is monochromatic, it is 
applicable to non-positive instrument line-shape func-
tions (interferometers) and different viewing geo-
metries, greatly simplifies the computation of analyti-
cal Jacobians (compared with current operational ra-
diative transfer models), and enables the modeling of 
scattering effects in an accurate and computationally 
efficient way (because the algorithm obeys Beer’s 
law).  The spectral locations and their statistical 
weights are selected by comparing the resulting chan-
nel radiances against line-by-line (LBL) calculations 
performed over a wide range of atmospheric profiles. 
The training profiles are chosen to be representative of 
the expected variability, including atmospheric tem-
perature and composition, surface pressure, surface 
emissivity and reflectivity, and viewing and solar an-
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gles. In our work with OSS, the LBLRTM model [23, 
24] serves as the line-by-line reference. The choice of 
LBLRTM gives direct access to on-going radiative 
transfer model validation studies [25, 26] and, together 
with the monochromatic nature of OSS, enables the 
model to be quickly and rigorously updated for 
changes in the fundamental spectroscopic parameters. 
A recent example involves the implementation of new 
P and R branch line coupling coefficients [27] into the 
LBLRTM model, as well as updates to line strengths, 
line widths, and the CO2 continuum in the 15-micron 
band [28]. The inclusion of this work in the EOS-Aura 
Tropospheric Emission Spectrometer forward model 
(for which AER has primary responsibility, [29]) has 
resulted in improvements to the atmospheric tempera-
ture retrievals in the forthcoming data version release. 

Being a physical approach, the OSS method is ro-
bust with respect to the range of atmospheric condi-
tions to which the model is applied, including profiles 
outside of the training set. Furthermore, the method 
very accurately takes into account variations in tem-
perature and gaseous and aerosol absorption along 
inhomogeneous vertical paths. The selection process 
can achieve any user-defined level of accuracy as 
compared with exact LBL calculations (typically < 
0.05 K), but at a miniscule fraction of computational 
cost. Specifically, while an LBL model uses hundreds 
of thousands of monochromatic points to simulate a 10 
cm-1 channel, the OSS model relies on less than a 
dozen monochromatic points to achieve a comparable 
level of accuracy. In doing so, the OSS method ex-
ploits the spectral redundancies between monochro-
matic lines within each channel. In other words, a few 
(optimally chosen) lines represent the variability of 
absorption in each layer of all the lines present in the 
channel. Multiple scattering calculations in OSS are 
performed using an adding/doubling algorithm code 
based on CHARTS (Code for High Resolution Accel-
erated Radiative Transfer). CHARTS has been devel-
oped specifically to provide scattering radiative trans-
fer capability for LBLRTM and has been used for vali-
dation purposes at the ARM site [30]. 

Examples: The results shown here are still pre-
liminary and more analysis is needed to identify poten-
tial sources (e.g., forward modeling) of systematic er-
rors in our retrievals. Some updates will be available 
by the time of the meeting.  These results are mainly 
aimed at demonstrating the functional capability of our 
algorithm and suggesting possible directions for future 
scientific inquiry. Figure 1 shows the temperature pro-
files retrieved for locations characterized by near-unity 
emissivities (left panel) and the so-called “cold spots,” 
where the emissivities are significantly lower than 
unity (right panel) (all locations are on the polar ring 
around 87oS corresponding to the southernmost lati-

tude of the MGS orbit). As the cold spots are usually 
attributed to the occurrence of snowfall [31], it is en-
couraging to see that the associated temperature pro-
files do fall below the CO2 condensation line (plotted 
in red) more often than in the “black-body” locations 
(where the CO2 frost is likely to form directly on the 
ground).  

 
Figure 1: Polar temperature profiles retrieved using the 
AER algorithm. Left: locations with near-blackbody 
emissivities. Right: Locations with emissivities deviat-
ing significantly from unity (“cold spots”). The red line 
in both panels represents the condensation line of CO2. 
The profiles have been plotted down to the lowest re-
trieval pressure level above the surface pressure. 

 
For comparison, in Figure 2 we show the 

corresponding temperature profiles available from the 
PDS. The PDS profiles show the same general trend as 
our profiles (colder for locations with non-unity 
emissivities), despite not considering CO2 frost 
emissivities specifically in their surface treatment. This 
indicates that this aspect of both retrieval approaches is 
not overly sensitive to the treatment of surface 
emissivity. On the other hand, the shape of our profiles 
is quite different from their PDS counterparts, 
exhibiting a near-surface inversion and a warming 
between 1 and 0.1 mbar. We plan more work to 
establish the reality of these features in our profiles. 
While the very cold near-surface temperatures we 
retrieve may be an artifact, the qualitative aspects of 
the S-shape in our temperature profiles appear con-
sistent with results from GCM runs that take into 
account the interplay between cloud microphysics, 
convection, and large-scale dynamics [32]. In our 
analysis, particular attention will be paid to the 
retrieved surface emissivities, with the values for se-
lected “cold-spot” locations shown in Figure 3. While 
some noise is evident in these results (and we hope to 
ameliorate it by a more judicious selection of hinge-
points or an EOF representation), the retrieved emis-
sivities do deviate significantly from unity in the 25-
micron “transparency band” of solid CO2 [33]. An 
atmospherically-corrected polar emissivity product 
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would clearly have the potential to significantly ad-
vance a wide range of martian energy balance and at-
mospheric studies. 

Figure 2: Similar to Figure 1, but for the profiles avail-
able from the Planetary Data System (PDS). The PDS 
profiles have been retrieved assuming  near-blackbody 
emissivities. 

 
Figure 3: Retrieved surface emissivities for selected 
cold-spot locations. 

Plans: In the immediate future, we will focus on re-
fining our model (e.g., spectral representation of the 
retrieved surface emissivities, treatment of scattering 
by atmospheric dust – neglected here) and gaining 
more insight into the performance of our algorithm. 
The dust opacities are currently retrieved by neglecting 
scattering effects, but a fully scattering (albeit much 
slower) version of our algorithm has recently been 
completed. We believe that the radiative transfer and 
retrievals tools developed by AER and its collabora-
tors, including a Kalman-filter based approach to radi-
ance assimilation developed at the University of Mary-
land (for which the OSS model is envisioned as the 
observational operator) will find broader applications 
in Mars remote sensing and atmospheric research. 
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