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Introduction: The dust cycle includes both atmos-

pheric and surface branches.  The atmospheric branch 
has been observed with infrared and visible channel 
observations, and modeled using General Circulation 
Models.  The surface branch has been somewhat trick-
ier to get at.  However, the surface reservoir of dust 
may be the key to interannual and longer term variabil-
ity of the Martian dust cycle. 

In principal, dust can be observed through its 
brightening of the surface.  Christensen [1988] used 
this to assess the behavior of the surface reservoir with 
the Viking Infrared Thermal Mapper (IRTM) data set.  
However, coverage issues limited how specific the 
interpretation of the IRTM data could be.  The Mars 
Global Surveyor (MGS) Thermal Emission Spectrome-
ter (TES) offered a much better platform for systematic 
mapping of surface brightness changes. 

But is albedo a measure of dust cover?  Ruff and 
Christensen [2002] addressed this by the derivation of 
a (thermal) spectral measure of dust cover from TES.  
Their Dust Cover Index (DCI) took advantage of a 
small particle transparency effect associated with sili-
cates at short thermal wavelengths.  Their analysis of 
DCI compared with albedo (and repeated slightly by 
Szwast et al., 2006) show that albedo and DCI provide 
similar assessments of dust cover where there is no ice. 

Here we present some major punch lines from a de-
tailed study of the surface dust cover from TES albedo 
[Szwast et al., 2006]. 

Dust storms dominate changes in dust cover:  
Figure 1 shows maps of albedo collected from the rela-
tively clear northern spring period.  The reference map 
is from the third MGS mapping year.  The lower two 
panels show interannual changes (year 2-3 and year 3-
4).  Major changes in dust cover can be seen between 
years 2 and 3 – significant brightening across the 
southern mid-latitudes and in several locations in the 
tropics.  One major area of darkening is apparent.   

To spoil the punch line, these changes are all asso-
ciated with the 2001 global dust storm.  How do we 
know?  The huge advantage of TES over prior systems 
for attributing these changes is the high sampling rates 
and systematic coverage.  The boxes on the upper 
panel of Figure 1 are defined study regions that can be 
used to assess the evolution of albedo.   

Study region 2 in Figure 1 (top) is located in the 
region of net loss (blue) between year 2 and 3.  Figure 
2 shows the albedo trend in this region.  Notice the 
large drop in albedo following the 2001 storm.  There 

is little change thereafter.  This is a region of net dust 
stripping due to the 2001 storm.  It is a known location 
of a secondary dust lifting center for the 2001 storm 
[Strausberg et al., 2005].   

Hellas was seen to be the origin location of the 
2001 storm, yet it appears red.  The time trend of al-
bedo in Hellas is shown in Figure 3.  Sure enough, the 
net effect of the storm at Hellas was deposition.  That 
this is not an artifact can be confirmed by looking at 
MOC WA images  - Hellas really did get coated in 
dust by the storm [Szwast et al., 2006].  Thus, while 
Hellas was the starting location, it became a net sink 
for dust.  This is somewhat consistent with the obser-
vation that the Hellas lifting center shut off while the 

 
Figure 1.  Top: TES albedo map from the northern 
spring of the third MGS mapping year.  Middle: Dif-
ference between northern spring data from years 2 
and 3 (the 2001 storm occurred later in year 2).  Bot-
tom: Difference between northern spring year 3 and 
4.  In the lower tow panels, red represents brighten-
ing (dust cover gain), while blue represents darkening 
(dust cover loss). 
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Daedalia center was still active [Strausberg et al., 
2005]. 

Recovery from the storm:  Places that were 
brightened by the 2001 storm didn’t stay bright for 
long.  The last panel of Figure 1 shows the changes in 
the year after the storm.  It is almost a photo negative 
of the changes due to the storm.  The large swath of 
the southern mid latitudes brightened by dust storm 
fall-out returned to their original brightness. In the 
region just south of Tharsis where there is a “dipole” 
of darkening/brightening, the trend is reversed the 
following year.   

The mechanisms of clearing can be studied with 
the high-temporal resolution yielded by TES and 
MOC.  The darkening of Hellas in the year after the 
storm can be seen in Figure 3.  The storm fall out 
brightness persists through the roughly 100 degree of 
Ls that follows the storm termination.  The brightening 
near Ls=90 in each of the years is due to the invation 
of the seasonal cap partially into the study region.  Af-
ter that seasonal cap brightening in year 3, the albedo 
is seen to return to pre-storm values.  MOC images 
confirm that this is due to dust removal [Szwast et al., 
2006].  What seems to be going on here is that the dust 
fall out is stable on the surface in Hellas until the sea-
sonal CO2 cap extends to maximum size.  As the cap 
retreats, winds associated with the cap edge build and 
remove dust.  Ultimately, essentially all of the storm 
fall out is removed. 

In Syrtis (not shown), the clearing event appears to 
be associated with the build up of seasonal trade 
winds.  At some point, significantly after the storm 
end, steady winds blow that remove the dust cover in 
the course of a few weeks [Szwast et al., 2006]. 

Interestingly, though we search locations of known 
dust devil activity, we saw no evidence for ongoing, 
steady removal of dust from any location over the 3+ 
complete MGS mapping years considered.  We thus 
conclude that dust devils are much less important for 
large scale clearing than large scale wind stresses. 

Interannual variability:  It has been claimed that 
Mars darkened greatly between Viking and MGS [Fen-
ton et al., 2007].  This assessment was based on two 
relatively limited snapshots of both Viking and MGS 
data, and hinges primarily on brightness differences in 
the southern mid-latitudes.  Szwast et al. [2006] under-
take a careful assessment of the IRTM and TES data 
from before and after the 1977a and b storms and the 
2001 storm.  They show that there is a significant 
brightening of the southern mid-latitudes as a result of 
both the 1977a and b storms, and that depending on 
when you compare (IRTM before or after the 1977a 
and b storms, TES before or after the 2001 storm), 

Mars as observed by IRTM can be brighter and darker 
than Mars observed by TES.   

Data from the year after the 1977b are very limited, 
to the point where the recovery of Mars’ albedo after 
the combined events of 1977a and b cannot be as-
sessed.  In that light, we would tend to apply occams’ 
razor to suggest that Mars behaved in 1978 as it did in 
2002 – that the southern high latitudes were rapidly 
cleared of dust by seasonal ice cap winds and that there 
is no evidence for a large shift in albedo between Vi-
king and MGS. 

Stability of dark areas on Mars:  The MGS data 
suggest that historically dark areas on Mars are dark 
because they are locations where surface dust is unsta-
ble with respect to winds that occur with some consis-
tency each year.  These winds may be associated with 
large scale flow (such as the winds in Syrtis) or with 
the seasonal cap (such as across much of the souther 
mid-latitudes) or other systems. 

Memory: The surface does provide some interan-
nual memory.  This appears to be in storm source re-
gions rather than in the sinks.  For example, note that 
in Figure 2, the important 2001 source region in 
Daedalia did not recharge with dust during the several 
years following the 2001 storm.  More work (and es-
pecially) and extended set of albedo measurements will 
be needed to assess how storm source locations re-
charge and on what timescales.  Such study is possibly 
equivalent to the study of sea surface temperature be-
havior in the El Nino cycle of the Pacific Ocean. 

The strong restoring mechanism for dust fall out 
and the somewhat slower restoring mechanism for 
source regions suggests a model for dust storm vari-
ability as insolation changes with obliquity.  We will 
discuss this mechanism in more detail, but one sug-
gested outcome is that Martian mean dustiness and the 
frequency of large storms may not change significantly 

 
Figure 3. Evolution of albedo (top) and dust opacity 
(bottom) for Hellas (region 4 from Fig. 1). X-axis is Ls, 
running from 0-360. Data are shown for mapping year 
1 (red circles), year 2 (green crosses), year 3 (blue 
stars), and year 4 (black crosses) 
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with either obliquity, orbital parameters, or mean sur-
face pressure – for a significant range of any of these 
factors. 
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Figure 2. Evolution of albedo (top) and dust opac-
ity (bottom) at study region 2 from Fig. 1.  The x-
axis is Ls, running from 0-360.  Data are shown 
for mapping year 1 (red circles), year 2 (green 
crosses), year 3 (blue stars), and year 4 (black 
crosses) 
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