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Introduction: Over the past decade there has been an 
increased interest in water-ice clouds in the Martian 
atmosphere and the role they may play in the water 
cycle.  Water-ice clouds in the Martian atmosphere 
have been inferred, historically, through observations 
of “blue” and “white” clouds [1], but the first positive 
confirmation of water-ice in the atmosphere came dur-
ing the Mariner 9 mission, through the Infrared Inter-
ferometer Spectrometer experiment [2].  Despite these 
observations of water-ice clouds, they were not 
thought to be a significant player in the climate or wa-
ter cycle.  Even through the Viking era (mid-1970’s), 
the true extent and ubiquity of water-ice clouds on 
Mars was not appreciated. 

     However, in more recent time, water-ice clouds 
have been recognized as a widespread Martian atmos-
pheric phenomenon, and have been much studied (i.e. 
Tamppari et al., [3], Pearl et al. [4], Liu et al., [5], 
Smith, [6], Benson et al. [7], Glenar et al, [8], Mont-
messin et al. [9]) Montmessin et al. [9], for example, 
shows that clouds, while comprising a relatively small 
volume of Mars’ atmospheric water, contribute greatly 
to water-transport on Mars due to their ability to trans-
port water large (thousands of kilometers) distances. 

Additionally, cloud features that were originally 
thought to be absent or minor in the Viking era, such 
as the aphelion tropical cloud belt, have been shown 
more recently to be recurring and widespread (i.e. [3]), 
a further indication that water-ice is a significant con-
tributor to Martian atmospheric dynamics and to the 
Martian climate, and are therefore an atmospheric fea-
ture of interest to study. 

Data from spacecraft at Mars are the most powerful 
tool available to the Mars scientist for studying water-
ice cloud climate and behavior, and there is a wealth of 
this data available to the Mars scientist at present. Ar-
chived data are available from Mariner 9, Viking, Mars 
Pathfinder, Mars Global Surveyor, and is currently 
being acquired from Mars Odyssey and Mars Express, 
as well as the Mars Exploration Rovers and Mars Re-
connaissance Orbiter. This wealth of data allows us to 
get a picture of Mars and its weather on timescales of 
decades, as opposed to simply years; however, great 
care must be taken in comparing data from one instru-
ment and spacecraft to that from another. Instrumental 
or observational effects could be interpreted as legiti-
mate climate change, or could mask real climatic proc-
esses. Smaller scale weather effects may be obscured 

as well. Therefore, it is important to examine datasets 
that are as similar as possible using techniques as simi-
lar as possible when looking over long (in terms of 
spacecraft record) timescales; an “apples to apples” 
comparison is the ideal, though of course it is not al-
ways achievable. 

 In this work we present a comparison of two 
spacecraft datasets, and we have attempted to conduct 
that comparison in an as “apples to apples” way as 
possible. We extend the work of Tamppari et al. [3], 
which used Viking Infrared Thermal Mapper (IRTM) 
data to examine behavior of Martian water-ice clouds, 
to the Mars Global Surveyor Thermal Emission Spec-
trometer (MGS TES) data set. TES has been able to 
map Mars with far more complete spatial coverage 
than Viking (and for a longer span of time), and com-
paring these two datasets will allow us to study the 
behavior of the Martian atmosphere on a nearly 15 
Martian-year timescale with high fidelity. Though TES 
has a much higher spectral resolution than the Viking 
IRTM, we can convolve the TES data to the IRTM 
bandshapes, and thus generate “synthetic IRTM data” 
from the TES instrument. This data can then be proc-
essed by the exact same method of Tamppari et al. [3]. 
We can then use our TES-derived maps to directly 
assess differences in climate and weather exhibited by 
the water-ice clouds between the MGS and Viking 
eras, providing a view of Martian water-ice climatol-
ogy separated by 12 Martian years. We have also, as 
part of this work, compared our maps to maps of wa-
ter-ice opacity derived from TES utilizing its full spec-
tral capability, in order to better understand both cloud 
detection methods.  

 
Method: We use the method of Tamppari et al. [3] 

to map water ice clouds in the Martian atmosphere. 
This technique was originally developed to analyze the 
broadband Viking IRTM channels and we have now 
applied it to the TES data.  To do this, the TES spectra 
are convolved to the IRTM bandshapes and spatial 
resolutions, enabling use of the same processing tech-
niques as were used in Tamppari et al. [3]. This re-
trieval technique relies on using the temperature differ-
ence recorded in the 20 micron and 11 micron IRTM 
bands (or IRTM convolved TES bands) to map cold 
water ice clouds above the warmer Martian surface. 
Careful removal of surface contributions to the ob-
served radiance is therefore necessary, and we use the 
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surface model of Paige [10] to model this contribution. 
Inputs to this model include thermal inertia, emissivity 
and albedo. We have compared model surface gener-
ated with the input parameters as measured by Viking 
and as measured by MGS; These results will be pre-
sented in our poster. Additionally, we have accounted 
for the effects for the variable emission angles over 
which the Viking data were obtained relative to TES. 

 Equatorial cloud belt: In all three MGS mapping 
years we have studied, the equatorial cloud belt ap-
pears early in the northern summer, becoming com-
plete and prominent by Ls = 110. These results agree 
with what is seen with Viking, though of course the 
record for Viking is not as long.  By Ls = 150, the 
cloud belt has disappeared in all years (both Viking 
and MGS). 

Topographically controlled clouds: In all three 
MGS mapping years, the most consistent cloud feature 
is the clouds over the topographically high regions of 
Tharsis and Olympus Mons. These clouds have a 
stronger water-ice signature than those in the aphelion 
cloud belt, and are of course far more spatially local-
ized. Unlike the aphelion cloud belt, however, these 
clouds remain quite evident throughout the northern 
summer, and are clearly visible in all years from Ls = 
110 until approximately Ls = 170. The Tharsis clouds 
remain visible up until approximately Ls = 185, though 
the Olympus Mons cloud disappears by Ls  =170. 
These results are also seem in the Viking data, indicat-
ing a consistent water-ice climate. 

Other water ice cloud features: Water ice clouds 
are also evident in early to mid northern summer in 
Vallis Marineris. These clouds disappear around Ls = 
155. High latitude clouds become evident around Ls = 
155 as well, and remain visible until approximately Ls 
= 185, when they disappear. Both of these features are 
evident in all three MGS years and have highly repeat-
able behaviors, and are seen in the Viking data as well. 

TES-derived water-ice optical depths compared 
to temperature differencing method: Water-ice 
opacities (strictly speaking, absorption-only optical 
depths) may be retrieved directly from the TES vanilla 
database. These opacities are derived after the method 
of Pearl et al. [4] and Smith [6]. In short, Smith and 
Pearl solve for column integrated pure-absorber opaci-
ties as a function of wavelength by numerically solving 
the radiative transfer equation for a plane parallel non-
scattering atmosphere. Inputs to the procedure include 
spectral radiances, surface pressure, and surface and 
atmospheric temperatures, which must be calculated or 
assumed. The contribution of water ice, dust, and non-
unit surface emissivity to the total opacity are then 
calculated by fitting predetermined spectral shapes to 
the total opacity. 

In this work we have compared these atmospheric 
water-ice optical depths to the temperature-differenced 
cloud signatures; agreement between the two methods 
is quite good generally speaking, though some discrep-
ancies exist in low-signal areas. Both show the pres-
ence of the aphelion cloud belt, but our method maps 
more low-signal cloud at high northern latitudes, 
whereas the opacity retrieval shows more cloud at high 
southern latitudes. Both methods show strong cloud 
signatures over topographic highs, and in Vallis 
Marineris for example. The best correlation between 
the two methods is seen in the aphelion cloud belt; the 
worst correlation is seen in polar hood clouds. Clancy 
et al. [10] has shown that aphelion cloud belt clouds 
are different than other Martian water-ice clouds. Spe-
cifically these clouds contain larger, more backscatter-
ing particles than other clouds. We can therefore infer 
that our temperature differencing method agrees best 
with the opacity retrievals in cases where ice particles 
are large, and exhibit less backscattering. Polar hood 
clouds (the case where agreement between the two 
methods is worst) exist in a colder atmosphere than 
equatorial clouds; this may be contributing to the large 
scatter seen in our correlation plots. The opacity re-
trievals for this time period show, in general, stronger 
signal than our method, and our method shows more 
diffuse low-signal clouds cover as well. Generally 
speaking, however, we can infer that our method’s 
results agree well with water-ice opacity retrievals, 
especially in tropical zones. At higher latitudes in win-
ter, it works less well, a not unexpected result, given 
our method’s reliance on mapping cold clouds over a 
warmer surface.  

Summary & Conclusions: We have used the 
method originally presented  in Tamppari et al. [3] to 
map water-ice clouds with MGS TES, and have com-
pared these results to those seen by the Viking IRTM. 
The water-ice clouds climatology of both eras is quite 
similar, with large-scale cloud features appearing and 
disappearing at the same seasons in all years. Small-
scale behavior (specific cloud shape, for example) is 
variable, giving us a picture of a consistent climate, 
with variable weather. Our temperature-differenced 
results generally agree well with TES-observed water-
ice optical depths, though some discrepancies exist, 
especially in polar-hood clouds. 
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Figure 1: Water-ice cloud maps for three MGS years, 
as well as Viking for northern summer. Note the 
prominent aphelion cloud belt. 
 

 
Figure 2: Water-ice cloud maps for three MGS years, 
as well as Viking for northern autumn. 

 
Figure 3: Similar maps for the northern winter season. 
Note polar hood clouds. 
 

 
Figure 4: Correlation plots showing correlation of tem-
perature differencing method with TES opacity re-
trievals. Note agreement is best during the aphelion 
cloud belt time period (middle plot), and is worst in 
southern summer (far right plot). Scatter in far left plot 
(northern spring) is due to high southern latitude 
clouds. 
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