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Introduction: Global circulation models of the 

Martian atmosphere rely on constraints by physical 
parameters retrievable from observational data. The 
Thermal Emission Spectrometer (TES) aboard the 
Mars Global Surveyor (MGS) spacecraft currently 
provides the greatest data coverage of the atmosphere. 
Various methods are currently in use to retrieve physi-
cal parameters from this data [1,2,3]. This project aims 
to use some of the material from these parameter re-
trieval algorithms, and combine them with a new tech-
nique based on first-order spectral response to varia-
tion in the parameters to better constrain Martian dust. 

 
Description of the Model:  We model the outgo-

ing radiance from the top of the atmosphere as would 
be observed by TES, studying the sensitivity of such 
spectra to variation of parameters, comparing the 
model to the data, and then using our knowledge of 
spectral response to vary the parameters to produce 
new model spectra which better fit the data. 

Initialization. The model is initialized using a pre-
viously retrieved dust dielectric function [2] in the 
spectral range between 250 and 1300cm-1. Using a first 
guess size distribution (Deirmendjian, Reff=1.7μm, 
νeff=0.4μm) the model uses Mie theory to produce the 
extinction, single scattering albedo, and phase function 
of the dust. This is then fed into a radiative transfer 
model [4] using the standard retrieval [1] derived sur-
face and atmospheric temperatures and dust optical 
depth as first guess. The model also incorporates sur-
face emissivity [3]. Gas absorption is handled via a 
correlated-k algorithm. 

Spectral Sensitivity. Physical parameters (qo), such 
as dust optical depth, surface temperature, and dust 
effective radius are varied (qv) in turn, and the spectral 
(ΔTB,ν) sensitivity (Cν) is deduced to first order (Figure 
1). 
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Due to coupling among the parameters the sensitiv-
ity matrix needs to be explored for a wide range and 
combination of the parameters. The study of this ma-
trix will yield what parts of the spectrum are sensitive 
to what parameters, determine if the parameters can be 
distinguished from each other based on different re-
sponse of the spectrum, and identify parameters which 
don't produce any appreciable response, and hence 
cannot be retrieved. 

Sensitivity ("dusty" conditions)
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Figure 1. Sample spectral sensitivity for surface 
temperature, dust optical depth, and effective radius 
under high dust loading conditions. 

 
Data comparison and new parameter retrieval. 

Based on sensitivity studies we have selected 
wavenumbers that are responsive to variation in pa-
rameters in such a way that the different parameters 
can be distinguished. The number of wavenumbers is 
equal to the number of parameters to be retrieved. We 
now compare our initial first guess model to the data at 
these wavenumbers and deduce the difference in 
brightness temperature (ΔTB,ν). Knowing the sensitiv-
ity matrix at these wavenumbers, the vector (Q) of 
parameters can now be solved for from the set of linear 
equations. 
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Results: Due to nonlinear effects this first-order 

retrieval method will not be exact. However, the solu-
tion will quickly converge in just a few iterations, as 
long as the first guess model was in the vicinity of the 
data (Figure 2). 

Tests of this model show that surface temperature, 
dust optical depth and effective radius can be distin-
guished from one another by their spectral response. 
However variation of dust total optical depth and dust 
vertical distribution produce similar response, and 
therefore cannot be uniquely determined. Variation of 
the effective width of the particle size distribution 
doesn't produce appreciable spectral response, and 
hence the size distribution can be characterized by the 
dust optical depth and effective radius alone. 
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Model fit ("dusty")
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Figure 2. Model fit to the data. The blue and red 
lines show the initial and final fits to the data. The ar-
rows indicate the wavenumbers chosen for data reduc-
tion in this test case, using the parameters of surface 
temperature, dust optical depth, and size distribution.  
The solution converged in four iterations. 
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