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Introduction:  The current climate of Mars is punc-

tuated by annually-recurring regional-scale and inter-
mittently-occurring (every 3–5 Mars Years) global-
scale dust storms where dust is lifted and transported via 
atmospheric circulation. In the atmosphere, dust absorbs 
short-wavelength solar radiation, reducing the amount 
of sunlight reaching the surface, and increasing down-
welling long wavelength radiation [1]. On the surface, 
dust influences the albedo and thermal properties, hence 
the energy absorbed, by brightening soils, darkening 
ices, and insulating the surface regolith due to its very 
low thermal inertia [2].  

Interannual changes in surface dust coverage are ex-
pected based on the analysis of spacecraft observations 
[2–4], and theoretical climate models [5,6]. However, 
the amount, rate, and spatial variability concerning this 
redistribution of dust is not well understood and is the 
motivation for this work. Here, we use infrared obser-
vations acquired from orbit to constrain changes in dust 
coverage and/or thickness from one Mars year to the 
next. Results have implications for the global transport 
of dust and the climate of Amazonian Mars. 

Methodology:  Thermal emission measured by the 
Mars Climate Sounder (MCS) infrared radiometer 
aboard Mars Reconnaissance Orbiter allows accurate 
derivation of surface and atmospheric temperature. De-
rived surface temperature can be used in concert with 
thermal diffusion models (here, we employ KRC [7]), 
to constrain the homogeneous thermal inertia, which is 
an important quantity for interpreting the geological ma-
terial(s) comprising the surface and near-subsurface. 
We simultaneously fit both thermal inertia and thermo-
metric (i.e., modeled) albedo using MCS-derived 
nighttime and daytime temperatures. Daytime surface 
temperatures are strongly influenced by albedo while 
nighttime temperatures are controlled primarily by ther-
mal inertia [8]. 

We analyzed 7 Mars years (Mars Year 28–34) of 
daytime and nighttime retrieved surface temperatures 
from MCS (e.g., Figure 1). We further divide annual 
data into 30° LS windows, but maintain ample global 
coverage at 1°×1° latitude by longitude spatial resolu-
tion. Interannual changes in thermometric albedo and 
thermal inertia are assessed at the same seasonal win-
dow between Mars years to minimize the influence of 
known seasonal cycles in atmospheric processes (e.g., 
water ice clouds and dust storms; [9,10]). Seasonal 
changes in atmospheric dust are accounted for by in-
cluding climatology information after [10] in our 

thermal model. Additionally, derived properties are as-
sessed regionally, instead of at the 1°×1° resolution 
level (i.e., individual bins are not compared to one an-
other; see Figure 2). Derived albedo and thermal inertia 
are both displayed as the mean value within the region 
sampled where error bars indicate the standard devia-
tion. Year-to-year changes in these properties are inter-
preted in the context of changing dust thickness and lo-
cation. 

To test for interannual changes in dust coverage we 
focus on specific regions through time. Here we show 
preliminary results for five different regions. These in-
clude areas of relatively low-dust index (Syrtis Major 
and Chryse Planitia; [11]), rover landing sites (Gale 
Crater and Meridiani Planum), and a region where cli-
mate models suggest the most extreme fluxes in surface 
dust (Hellas Basin; [5]). Note, our regions sample an 
area of 20°×20°, except for those over rover landing 
sites where we sample areas of 10°×10°. We have not 
included results over the dust-rich regions of the surface 
but will present those derivations at the time of the con-
ference. Our results cover four times of year: LS=0–30°, 
LS=90–120°, LS=180–210°, and LS=270–300° and data 
are plotted at each seasonal window midpoint. 
 

 
Figure 1. Example global MCS temperatures from 
MY30, LS=30–60°, and binned at 1°×1° latitude/longi-
tude. Daytime and nighttime temperature pairs, in con-
junction with a thermal diffusion model (KRC), are used 
to derive a best-fit thermal inertia and best-fit surface 
albedo. Note, in this figure temperatures are partially in-
terpolated for display purposes (interpolated data are not 
analyzed). 
 

Results:  Derived values (i.e., best fit) of albedo and 
thermal inertia are shown in reference to their location 
on a global map of Mars (Figure 2). Values for thermal 
inertia are in units of J m-2 K-1 s-1/2. The global map in-
cludes the measured dust-index (a proxy for dust cover-
age; [11]) overlaid on a grayscale shaded-relief map.  

For all the regions, both albedo and thermal inertia 
show cyclical behavior on an annual period, with some 
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regions more pronounced than others. In general, the 
data show consistent values year-to-year across the ~7 
Mars Years analyzed. Gale Crater, and to some extent 
Merdiani Planum, show a notable dearth in values be-
yond Mars Year 30 due to the operation and relay prior-
ities of surface assets (i.e., fewer MCS observations).  

 

 
Figure 2. Five regional examples of derived albedo and 
thermal inertia over 7 Mars Years. The outline color of 
each region corresponds to data in the plots below. Note 
the changing vertical axis and the cyclical behavior in-
dicating the seasonal influence on thermally-derived 
properties. Global map shows dust index (Ruff2002) 
overlaid on a shaded relief background; redder values 
indicate higher dust index. 

 
Discussion:  Evidence for change in dust coverage 

is expected as a secular, interannual shift in derived 

albedo and/or derived thermal inertia. The derived prop-
erties discussed here, although exhibiting significant in-
tra-annual variation, show little evidence for change that 
would be interpreted as change in dust coverage. As-
pects of the data will be discussed in more detail below. 

Intra-annual Trends:  The intra-annaul, cyclical be-
havior in derived values is suggestive of seasonal pro-
cesses having influence on measured temperatures that 
is not entirely accounted for in our thermal model (e.g., 
water-ice clouds, subsurface layering). The largest fluc-
tuations are observed in our mid-to-high latitude exam-
ples (i.e., Chryse Planitia and Hellas Basin), consistent 
with influence from subsurface ice and/or seasonal ices 
at the surface and aerosols in the atmosphere. Derived 
albedo values are systematically higher (~0.1) than 
those measured by TES (Thermal Emission Spectrome-
ter; [12]). Values of derived thermal inertia, and their 
seasonal variation, are consistent with published values 
[13]. 

Meridiani Planum:  Derived properties in Meridiani 
do not exhibit as clear a seasonal pattern as other re-
gions. In Mars Years 29–31, there is evidence for a sec-
ular increase in derived albedo for LS=0–30° and 
LS=90–120°. This coincides with increased thermal in-
ertia and so contradicts an increase in dust coverage. 

Mars Year 34:  Derived properties in Mars Year 34, 
at LS=180–210°, show extreme variability compared to 
data from other Mars Years for most regions. This is ex-
plained by the onset of the planet-encircling dust event 
that began and grew to a global event during this 
timeframe [14], thus affecting the accuracy of MCS sur-
face retrievals. Data from LS=270–300° support a return 
to pre-storm behavior seen in prior years. 
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