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Introduction: During the past two decades, NASA 

has lead three successful orbiter missions to Mars. But 
only two of these missions carried global imaging ex-
periments: the Mars Orbiter Camera (MOC) onboard 
the Mars Global Surveyor (MGS) spacecraft and the 
Mars Color Imager (MARCI) onboard the Mars Re-
connaissance Orbiter (MRO) spacecraft. These imag-
ing experiments together have provided continuous 
monitoring of Mars over portions of 10 consecutive 
Mars years (MY), spanning MY 23-32.  

The MGS spacecraft reached Mars on 12 Septem-
ber 1997. But it did not enter its designated polar circu-
lar orbit with an average altitude of 378 km, 117-
minute period, and ~1400 LMST dayside equator 
crossing (south-to-north), until after more than a year 
of aerobraking maneuvering and periods of science 
observations. For portions of 5 consecutive Mars years, 
spanning from 9 March 1999 through 17 October 2006 
(MY 24-28), the MOC continuously monitored the 
dayside of the planet. MOC consisted of three cameras: 
a narrow-angle (NA) camera that took 3 km wide 
snapshots 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 be-
tween WA images taken on consecutive orbits. The 
WA cameras were used to continuously map the day-
side of Mars at a ground sampling resolution of either 
3750 m/pixel or 7500 m/pixel, providing complete 
global coverage of the planet in both filters in only 12 
to 13 orbital passes or about once per a sol. The vast 
majority of these mapping images were taken at the 
lower ground sampling resolution, to stay within 
downlink allocations. 

The MRO spacecraft arrived at Mars on 10 March 
2006. It entered its 250x315 km near polar orbit with a 
112-minute period and ~ 1500 LMST dayside equator 
crossing (south-to-north) after 6-months of aerobrak-
ing. Fortunately, 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 30 km wide snapshots of the 
surface at a resolution of 6-12 m/pixel. The MARCI 
consists of 5 visible filters (centered at 437 nm, 546 
nm, 604 nm, 653 nm, and 718 nm) and 2 ultraviolet 
filters (centered at 258 nm and 320 nm), with separate 

input optics for the visible and ultraviolet [1]. The na-
dir ground sampling resolution is ~ 1000 m/pixel (un-
summed) in the visible and ~ 8000 m/pixel (summed) 
in the ultraviolet. The 180° FOV of MARCI provides 
limb-to-limb views of the planet, but the lower orbit of 
MRO and the regular occurring spacecraft roll maneu-
vers don’t allow for complete overlapping coverage 
between consecutive orbits, producing gaps in the dai-
ly global mapping. 

The multi-spectral visible wavelengths of the 
MGS-MOC and MRO-MARCI experiments, allow for 
the differentiation between condensates and dust phe-
nomena (Fig. 1). And are complimentary in providing 
an unique and continuous opportunity to study Martian 
weather phenomena on time scales ranging from diur-
nally to interannually.  

 

 
Figure 1. MARCI color composite image showing the dis-
tinction between condensate “ice” clouds and dust storms on 
the plains of Utopia Planitia, during northern spring. 

 
Results:  Presented here is a brief summary of 

some of the dust storm findings from the two experi-
ments to date. 

Local Dust Storms. 1. Dust storms occur in all sea-
sons in both hemispheres of Mars (Fig.2). In fact, a 
local dust storm (area < 1.6x106 km2, and persisting for 
≤ 3 sols) occurs somewhere on Mars almost every sol. 
The global-scale seasonal trend in the onset of local 
storm activity follows the subsolar point/terminators 
and the polar cap edge recessions, indicating that local 
storms are primarily thermally driven. At small-scales, 
significant year-to-year variability in storm activity 
was observed, suggesting that the depletion and filling 
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of dust sources/sinks areas plays a major role in storm 
formation. 

 

 
Figure 2. Latitudinal distributions of the onset of dust 
storms, consisting of 26,945 local storms (dark gray 
circles), 220 regional storms (black boxes), and 2 plan-
et-encircling dust events whose spatial and temporal 
extent are denoted by (gray rectangular boxes). Termi-
nator denoted by light gray areas at the top and bottom 
and the subsolar point by the (black line) in the middle. 

 
Regional Dust Storms. Regional dust storms (area 

> 1.6x106 km2, and persisting for ≥ 3 sols) are far less 
frequent than local storms, with 18 to 50 occurring 
annually. Their season spans from Ls = 134°-91°, with 
the more diffuse storms, those more akin to large per-
sisting diffuse dust hazes, occurring between Ls = 78°-
91° and the more vigorous more opaque dust storms 
occurring between Ls = 134°-49°. Significant year-to-
year variability was observed in spatial and temporal 
extent of the regional storms. With parts of nine Mars 
years of statistics we are beginning to develop a clima-
tology of the large storms, which shows that 42.7% 
developed along the north polar cap edge, 21.4% with-
in or along the north polar hood boundary, 12.3% 
along the south polar cap edge, with the remainder 
forming in the tropical/subtropical latitudes of both 
hemispheres. Of the total number of regional storms, 
24.1% were cross equatorial storms (21.8% propagat-
ing north-to-south, 2.3% propagating south-to-north) 
with the vast majority coming south along the Acidalia 
storm-track. And nearly half (48.2%) of the regional 
storms developed from the merger of two or more 
smaller local storms consistent with an earlier MOC 
storm survey [2]. 

Planet-encircling Dust Events. MOC and MARCI 
were able to monitor the evolution of two planet-
encircling dust events (PEDE), 2001 (MY 25) and 
2007 (MY 28), from near onset through the decay 
phase. The onset of these events occurred at different 

seasons and locations, Ls = 184.7° in Hellas (MY 25) 
[3] and Ls = 261.8° in Xanthe-Margaritifer Terra (MY 
28) [4,5]. As was observed with the earlier PEDE, the 
latest event consisted of a number of discrete major 
dust-lifting centers, regional storms (Fig. 3) that were 
responsible for generating the dust cloud that encircled 
the planet within a two-week period. These regional 
storms had significant spatial and temporal differences 
compared to the MY 25 PEDE (Fig. 3). These varia-
tions are most likely the result of the seasonal differ-
ences in: the location of the south polar cap edge, inso-
lation, general circulation patterns, and available dust 
source regions. Also with the lack of a PEDE this past 
Mars year (MY 31) that was predicted based on the 
historical 3-year cycle [6], suggests that each PEDE 
may be a unique event and at this time not forecastable 
more than a few weeks out in any given Mars year. 

 

 
Figure 3. Major dust-lifting regions associated with the 
PEDEs in MY 25 at Ls = 190° (top) and MY 28 at Ls = 
269 and 272° (bottom) 4. Regional storms can acceler-
ate the receding of the seasonal polar cap. 
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