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Introduction:  Global dust storms are probably the 

most fascinating events in the martian atmosphere. On 

average, they occur roughly every three Mars years. All 

major Mars orbiters to date have contributed observa-

tions of these events. In particular infrared spectrome-

ters and radiometers have probed both the dust opacity 

and structure [1-4] as well as the resulting atmospheric 

temperature structure [2, 3, 5]. 

The last global dust storm on Mars occurred in 

2007. It was observed by the Mars Climate Sounder 

(MCS) on Mars Reconnaissance Orbiter. However, due 

to the high dust opacities, retrievals of atmospheric 

parameters from these measurements have been chal-

lenging. We will present results using an improved 

algorithm that show the development of the dust storm 

over time, as well as the vertical structure of atmos-

pheric temperature and dust. 

MCS measurements:  MCS is a mid- and far-

infrared thermal emission radiometer [6] on board the 

Mars Reconnaissance Orbiter. It nominally measures 

radiances in limb and nadir/on-planet geometry from 

which vertical profiles of atmospheric temperature, 

water vapor, dust and condensates can be retrieved in 

an altitude range from 0 to 80 km and with a vertical 

resolution of ~5 km [7, 8]. 

MCS has been taking measurements of the martian 

atmosphere since September 2006. During the occur-

rence of the global dust storm between June and Octo-

ber 2007, MCS performed only measurements in limb 

geometry due to operational constraints.  

Retrieval in duststorm conditions:  Due to the 

limb geometry used as MCS‘s primary observation 

mode, retrievals in conditions with high aerosol 

loading are challenging because limb views with low 

tangent altitudes tend to be opaque [7]. We have 

developed several modifications to the MCS retrieval 

algorithm that facilitate profile retrievals in high-dust 

conditions. These modifications are particularly 

important as MCS did not perform on-planet 

measurements during the 2007 dust storm. The 

following key modifications have been developed and 

implemented into the operational retrieval algorithm: 

• A retrieval option that uses surface pressure 

derived from the Viking Lander climatology if 

pressure retrieval is not possible in high dust 

conditions. 

• The altitude range of aerosol retrieval has 

been extended to higher altitudes. 

• A correction to the surface temperature 

climatology has been developed. The surface 

temperature climatology for MCS is based on 

non-duststorm conditions. In conditions of a 

global dust storm, surface temperatures tend 

to be lower. Taking this into account using an 

adaptive value based on atmospheric opacity 

leads to improved fits to the radiances 

measured by MCS and improves the retrieval 

success rate. 

Results:  The global dust storm in 2007 started in 

the second half of June 2007. Dust was lifted to 35-40 

km altitude by June 25 (Ls~265°). During the following 

days the dust loading increased throughout the atmos-

phere. Temperatures rose from near-normal (~180 K) 

for the season to above 220 K in southern high lati-

tudes within a few days. 

By mid-July 2007 (Ls~275°) the dust storm was 

global in extent. Dust extinctions measured by MCS at 

463 cm-1 exceeded 0.002 km-1 around 35-40 km alti-

tude (with more opaque values implied below this alti-

tude). Temperatures had risen to ~240 K at high lati-

tudes, with the temperatures in the northern high lati-

tudes typically exceeding the ones in the south. 

Fig. 1 shows a transect of retrievals of temperature 

and dust extinction along one orbit on July 12, 2007. 

Retrievals in high-dust conditions are possible between 

altitudes of 30-40 km and ~80 km (top oft the MCS 

detector array). Below this range the atmosphere is 

nearly opaque in the limb. High dust opacities are 

found from the south pole to the northern mid-latitdues. 

Only beyond ~50°N the dust opacity decreases signifi-

cantly. 

Fig. 2 shows examples of profiles retrieved along 

this orbit. In the southern high latitudes dust is nearly 

homogeneously mixed throughout the altitude range in 

which retrievals can be performed. Even at 80 km the 

retrieved dust extinction is still 10-4 km-1, and no fall-

off of the dust profile below homogeneously mixed is 

discernible. Temperatures in these conditions range 

from about 220 K at 40 km to 180 K at 80 km. The 

maximum altitudes at which significant dust opacities 

are observed seem to exceed the maximum altitudes at 

which TES limb observations detected dust in the 

global dust storm of 2001 [4].  
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Around the north pole the observed dust opacity is 

significantly lower than elsewhere on the planet. At 

240 K, this is the region where the highest 

temperatures in the middle atmosphere are observed. 

The absence of high dust opacities suggests that the 

temperatures in this region do not result from direct 

solar heating of dust.  Instead, the high temperatures 

are due to adiabatic heating in the downwelling part of 

the overturning meridional circulation, which is 

strongly enhanced in global dust storm conditions. 

 

 

Fig. 2: Individual temperature (left) and dust (right) 

profiles representative for southern high latitudes 

(blue) and northern high latitudes (brown) on July 12, 

2007. 

 

By August (Ls~285°) dust amounts at 35-40 km al-

titude had started to decrease, marking the onset of the 

decay phase of the dust storm. Temperatures at high 

latitudes had also started to decrease compared to July 

levels. 

 

Fig. 1: Temperature (top 

panel) and dust opacity 

(bottom panel) vs. pressure 

as measured by MCS on 

the dayside part of one 

orbit on July 12, 2007. 

Dashed lines give the loca-

tions of individual meas-

urements. 

 

 

 

 

 

 

 

 

 

 

By early October 2007 (Ls~320°) temperatures and 

dust levels had reached values close to normal for non-

duststorm conditions. 

Conclusions:  The global dust storm of 2007 was 

the strongest dust storm observed by Mars Reconnais-

sance Orbiter to date. An improved retrieval algorithm 

for Mars Climate Sounder limb measurements allows 

nearly continuous retrievals of temperature and aerosol 

profiles in global dust storm conditions at altitudes 

where the atmosphere is not opaque in the limb. This 

allows the characterization of the 2007 dust storm. 

Maximum atmospheric temperatures around 240 K are 

measured during the peak of the storm, and dust reach-

es at least altitudes of 80 km. Temperatures measured 

in the winter polar region enable the determination of 

the strengthening of the overturning meridional circula-

tion. Further details on the evolution of the 2007 global 

dust storm will be presented. 
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