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Introduction: The Mars Global Surveyor (MGS) space-
craft reached Mars on 12 September 1997. Following more 
than a year of aerobraking maneuvering and periods of sci-
ence observations, the spacecraft entered its designated polar 
circular orbit with an average altitude of 378 km, 117-minute 
period, and the dayside equator crossing (south-to-north) 
occurring at ~1400 LMST. For portions of 5 consecutive 
Mars years, spanning from 9 March 1999 through 17 October 
2006, the Mars Orbiter Camera (MOC) onboard MGS con-
tinuously monitored the dayside of the planet. MOC con-
sisted of three cameras: a narrow-angle (NA) camera that 
took snapshots 3 km wide of the surface at a resolution of 3-
40 m/pixel and two wide-angle (WA) cameras (blue-filter: 
425 nm, red-filter: 600 nm) with a resolution of 230-7500 
m/pixel and a 140° FOV that allowed for limb-to-limb views 
of the planet that provided some overlap between WA im-
ages taken on consecutive orbits. The WA cameras were 
used to continuously map the dayside of Mars at a constant 
resolution of 7500 m/pixel, providing complete global cover-
age of the planet in both filters in only 12 to 13 orbital passes 
or about once per a sol. 
 
The Mars Reconnaissance Orbiter (MRO) spacecraft arrived 
at Mars in March 2006. Following 6-months of aerobraking, 
the spacecraft reached its 250x315 km near polar orbit with 
the dayside equator crossing (south-to-north) occurring at 
~1500 LMST on the ascending node. Fortunately, the Mars 
Color imager (MARCI) and Context Camera (CTX) onboard 
MRO began their continuous monitoring of the dayside of 
Mars on 24 September 2006, providing about 3 weeks of 
complimentary overlapping coverage with MOC before the 
MGS spacecraft was lost. The Context camera provides 
snapshots 30 km wide of the surface at a resolution of 6-12 
m/pixel. The Mars Color Imager (MARCI) consists of 5 
visible filters (centered at 420 nm, 550 nm, 600 nm, 650 nm, 
and 720 nm) and 2 ultraviolet filters (centered at 260 nm and 
320 nm), with separate input optics for the visible and ultra-
violet. The nadir resolution in the visible is ~1000 m/pixel 
(unsummed) and in the ultraviolet ~8000 m/pixel (summed). 
The 180° FOV of MARCI provides limb-to-limb views of 
the planet, but the lower orbit of MRO does not allow for 
complete overlapping coverage between consecutive orbits, 
producing gaps in the daily global mapping. 
 
The MGS-MOC and MRO-MARCI experiments are com-
plimentary in providing an unique and continuous opportu-
nity to study Martian weather phenomena, ranging from dust 
devils and dust storms to condensate clouds to the seasonal 
behavior of the Martian polar caps, all on time scales ranging 
from diurnally to interannually. Presented here is a brief 
summary of the major atmospheric findings from the two 
experiments to date. 
 
Results: 
1. Martian dust-lifting events (dust-gusts, dust-devils, 

plumes, and dust storms) span a range of sizes from a 

few meters across to planet-encircling and have been 
observed at all elevations [1, 2], from the depths of Hel-
las basin to the summit of Olympus Mons; see Fig 1. 

 

 
 
Figure 1.  Dust-lifting at different scales and over a range of 
elevations. 
 
2. There is no “classical martian dust storm season”. Fig-

ure 2, shows that storms occur somewhere on Mars al-
most every sol [1, 3]. There are some locations such as 
central Arabia Terra that are void of any afternoon ac-
tivity in the present climate, while other areas at low-to-
mid latitudes are seasonally active. The majority of dust 
storms are local events (persisting < 3 sols) that develop 
near the seasonal cap edge in both hemispheres. These 
storms develop as a result of the strong surface winds 
generated by the large thermal gradients between the 
“frost-covered terrain” and adjacent “bare-terrain”.  

 

 
 
Figure 2. Latitudinal distribution of dust storms.  
 

3. The term planet-encircling dust storm is a misnomer. 
Such events are not individual storm as some believe 
but are composed of a number of causally-linked re-
gional and local storms that loft surface-dust into the 
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atmosphere where the finer-grain particles are circulated 
across the planet, encircling one or both hemispheres at 
mid-to-high altitudes, obscuring the planet’s surface for 
months at a time [3]. The dust-lifting/fallout from such 
events can alter regional surface albedo patterns for pe-
riods ranging from a few weeks to more than a single 
Mars year [3].  

 
4. Regional dust storms and planet-encircling dust events 

are initiated between Ls=130-340, by one or more local 
storms [3]. These large-scale storms and events are re-
sponsible for the development of the planet-encircling 
dust hazes/clouds, which correspond to the periods of 
high atmospheric dust-opacity (“dusty-season”) ob-
served each Mars year [3]. The majority of these planet-
encircling dust hazes/clouds were generated by cross-
equatorial regional storms that develop along the Acida-
lia and Utopia storm-tracks during two seasonal periods, 
Ls=204-235 and Ls=305-330 [1, 3, 4]. 
 

5. The large regional dust storms and planet-encircling 
dust events play a role in the replenishment and redistri-
bution of local and regional surface dust  “sources” and 
“sinks”, which in turn is responsible for some of the 
year-to-year variability observed in dust storm activity 
[3]. 
 

6. Some distinct weather phenomena (Figs. 3 and 4) ap-
pear to repeat year-to-year within a period spanning 
several Mars weeks [2], suggesting that they are driven 
by insolation and are topographically controlled. There 
is some indication that the solar cycle may be important 
in the year-to-year variability in the onset time of some 
of these phenomena. 

 

 
 
Figure 3. Spiral dust storm over the caldera of Arsia Mons. 
 

 
 
Figure 4. Extratropical annular water-ice cloud. 
 
7. Dust Devils and their tracks have been observed from 

80N-80S. They are seasonal in nature with peak activity 
occurring during the respective summer season in each 
hemisphere [5, 6]; see Fig. 5. The largest dust devils 
form in northern Amazonis, with plumes reaching 
heights in excess of 6.5 km. Dust devils have been ob-
served in front of the leading edge of a few local dust 
storms, but the vast majority of observations indicate 
that dust devils play no role in the formation of dust 
storms. Dust devils play a small-to-moderate role in 
maintaining the low-level global background dust opac-
ity [5]. 

 
 

 
 

Figure 5. Latitudinal distribution of dust devils 
 

The results above and more will be forthcoming in a large 
manuscript in the near future. 
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