
INTERANNUAL BEHAVIOR OF LARGE REGIONAL DUST STORMS.  D. M. Kass1, A. Kleinböhl1, D. J. 
McCleese1, J. T. Schofield1, M. D. Smith2, 1Jet Propulsion Laboratory/California Institute of Technology, Pasadena, 
California, USA (David.M.Kass@jpl.nasa.gov), 2NASA Goddard Space Flight Center, Greenbelt, Maryland, USA.  

 
 
Introduction:  We investigate the occurrence of 

large regional dust storms during the martian dusty 
season—southern spring and summer (Ls 180° to 
360°).  While there is extensive variability in the oc-
currence of dust storms [1], there is a striking similari-
ty in the overall behavior of the atmosphere, at least in 
years without a global dust event.  

In this work, we focus on dust storms that perturb 
the temperature structure throughout the atmosphere.  
These are storms that loft dust well above the convec-
tive boundary layer into the lower atmosphere (be-
tween ~10 km and ~50 km). 

We use data from the Mars Climate Sounder (MCS 
on MRO) and the Thermal Emission Spectrometer 
(TES on MGS) and focus on the five years without a 
global dust storm covered by the two instruments 
(TES: MY24, MY26; MCS: MY29, MY30, MY31).  

Analysis Approach:  Large regional storms are de-
fined as those that noticeably impact the zonal mean 
retrieved temperatures at 50 Pa (~25 km altitude).  50 
Pa was selected to require the storm to affect more 
than just the boundary layer. These storms have a re-
gional or global impact on the atmospheric structure. 

A zonal mean in 2° Ls temporal bins (~4 sols) es-
sentially filters out local and small regional storms [2] 
by averaging any weak signature they might have. In 
particular, the averaging should filter out the "Rocket 
Dust Storms” [3] seen in models that may allow local 
storms to loft dust to ~25 km.  The binning criteria 
were also selected to resolve and analyze the progress 
of the atmospheric impact of the storm. 

Data Sets: While both instruments are measuring 
atmospheric temperature they are using different tech-
niques (nadir versus limb sounding) and are on differ-
ent platforms. For purposes of this work, any subtle 
differences between the two datasets are not a concern.  

Mars Climate Sounder. MCS is an infrared 9 chan-
nel limb viewing radiometer [4].  The retrieval algo-
rithm [5, 6] produces vertical profiles of temperature, 
dust and water ice extinction versus pressure. MCS 
detectors have a 5 km vertical resolution on the limb, 
providing a half scale height resolution.  The retrieved 
profiles extend from the surface to ~80 km altitude.  
MCS, on MRO, is in a near polar sun-synchronous 
orbit with a local mean solar time of 3 AM/3 PM at the 
equator [7].  The MCS observations start at Ls = 110° 
in MY 28 and continue to the present. 

Thermal Emission Spectrometer. TES is primarily a 
nadir sounding infrared spectrometer with 6 cm-1 or 12 
cm-1 resolution [8].  For this work we have only used 
the nadir geometry TES observations. The retrieval 

algorithm produces vertical profiles of temperature and 
column integrated dust, water ice and water vapor 
opacities [9, 10]. The profiles have a one scale height 
vertical resolution and coverage from the surface to 
~40 km.  TES, on MGS, is in a near polar sun-
synchronous orbit with a local mean solar time of 2 
AM/2 PM at the equator.  The TES observations start 
at the beginning of the mission, Ls = 102° in MY 24.  
They continue through to Ls = 82° in MY 27. 

Storm Identification and Characterization: To 
quantitatively define regional dust storms, we used a 
200 K contour of the daytime temperature (Figure 1). 
It is a clear increase from the pre-storm unperturbed 
background conditions. In the case of two particularly 
weak seasonally late storms (MY 24 and MY 30), we 
instead used a daytime 197 K contour.  In both cases, 
this produced a better match for the disturbed region 
due to the colder environment at the time of the storm. 

 
Figure 1. Daytime zonal mean temperatures versus 

season from TES at 50 Pa, Ls 180° to 360°, for MY 26. 
The red contour at 200 K defines the storms.  

For most storms, the temperature increase at the 
onset of the storm is rapid. The end of some of the 
storms is not as well defined.  This is due to the rela-
tively long decay time as the dust settles and the per-
turbed atmosphere returns to a non-storm seasonal 
state.  In many cases, the atmosphere remains above 
~185 K for extended periods. For simplicity, we gen-
erally used 200 K for defining the "end" of the storm 
since it represents a transition from significantly per-
turbed to modestly elevated temperatures. 

In some cases, a second dust event starts while the 
first one is still decaying and the temperature never 
falls below 200 K.  There is usually a temperature min-
imum, which we use to separate the two. While the 
second event could be treated as a second phase of the 
first one, a finer examination of the data reveals that 
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the two events usually have significantly different 
characteristics, especially in terms of the impact on the 
global atmospheric structure.  

Dust Storm Behavior:  In the years without a 
global dust storm, there appear to be three large re-
gional dust storms each year.  The events are labeled 
A, B and C in chronological order (Figure 2).  Key 
parameters for each of the storms have been assembled 
from the five years of available data (Table 1).  Given 
the small sample and the dynamical nature of the at-
mosphere, it is likely that some individual storms can 
exceed these parameters. 

 
Figure 2. Daytime zonal mean temperatures versus 

season from MCS at 50 Pa, Ls 180° to 360°, for MY 
31. The arrows represent the contour values used to 
define the extent of each storm. 

The A storm is usually a fairly classic regional or 
planet encircling southern hemisphere dust event. The 
actual instability that initiates the storm is likely to be a 
small storm that develops along the northern baroclinc 
zone and then follows one of the storm tracks down 
and across the equator [11].  In the southern hemi-
sphere it then triggers the significant dust lifting lead-
ing to the regional activity.   

Table 1. Generalized Regional Storm Parameters 
(rounded). 

 
The A storm will warm the atmosphere at all lati-

tudes although the tropical warming is significantly 
less than in either polar region. All of the A storms 
trigger dynamical heating in the northern hemisphere. 
The northern signature often lasts longer than the main 
dust heating in the southern hemisphere. While there 
may be small amounts of dust transported to the north-
ern hemisphere (as very high altitude thin hazes), most 
of the northern warming appears to be dynamical. The 

end of the A storm is often poorly defined.  It merges 
with the start of the B storm.  

The B dust storm is a southern polar event.  It gen-
erally starts to manifest itself in the zonal mean tem-
peratures at or near the South Pole.  It is probably the 
signature of a large seasonal cap edge storm, but it may 
be the combined effect of multiple dust storms or pos-
sibly sustained by subsequent cap edge storms. 

The B storm appears to start just after perihelion 
(Ls = 251°) in most years. The initiation near periheli-
on may be more a coincidence than an actual driving 
factor. The timing of the B storm could be driven by 
the location of the seasonal cap edge and the associated 
circulation. The B events have a relatively long rise 
time and reach their peak right around the southern 
summer solstice.  Unlike the first event of the year, the 
response to the B events is confined poleward of the 
southern mid-latitudes.  B events do not seem to trig-
ger a northern dynamical response, however there is 
still noticeable northern warming from the A event that 
continues to decay throughout the B event. 

The C storm is quite similar to the A storm in that 
it is usually a fairly classic regional or planet encircling 
southern hemisphere dust event.  It is, however, the 
most variable of the three storms, ranging from almost 
non-existent in MY 24 to the strongest storm for the 
year (MY 26).  It starts well after the end of the B 
storm every year.   

The C events are short and have short rise times 
once they initiate. This may be a reflection of the late 
season when they occur, with reduced sunlight due to 
being further from perihelion.  Most of the C storms 
produce a dynamical response in the northern hemi-
sphere.  In many cases the response is quite weak (at 
least in a zonal mean sense) and it is non-existent in 
MY 24 (when the primary storm was very weak). 
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