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Introduction:  Elevated dust layers have been ob-

served on Mars from the earliest days of spacecraft in 
imagery observations[1] and have been observed in 
more detail by recent observations from the Thermal 
Emission Spectrometer (TES) onboard the Mars 
Global Surveyor[4] and the Mars Climate Sounder 
(MCS) onboard the Mars Reconnaissance Orbiter[5].  
Both instruments show dust is lofted above 40 km dur-
ing dust storms and the dust storm season.  In addition, 
both instruments indicate high-altitude local maxima in 
dust mixing ratios outside of dust storm season (south-
ern spring and summer, Ls ~ 190-270°) with persistent 
layers of elevated dust near 15-30 km and again above 
45 km.  This represents a signficant departure from the 
Conrath-ν dust profile[3] that is typically used in Mars 
general circulation modeling and creates notable 
changes in the simulated general circulation of the at-
mosphere.      

High-Altitude Dust Layers:  High dust concentra-
tions (local or absolute maxima in dust mixing ratio in 
the vertical column with typical values of >10-2 
Δτ/Δmb) in the layers near 15-30 km and 45-60 km 
were persistent throughout the nearly three Mars year 
(MY) observation period of TES (MY 24-26), suggest-
ing the dust in these layers was being consistently re-
plenished by a mechanism not associated with large 
dust storms and/or was smaller than the 1.5 – 2 µm 
particle size observed during dust storms at these 
heights[4].  These layers are distinct from high-altitude 
dust lofting TES observed during dust storms. Large 
variations between day and night mixing ratios suggest 
substantial vertical transport on diurnal timescales, 
likely associated with tides[7].  The upper layer is no-
ticeable in daytime observations throughout the period, 
while it is infrequently present at night.  These high-
altitude dust layers were persistent from 30°S – 30°N 
and extended to higher latitudes in the summer months 
of each hemisphere (Figure 1).  The dust optical depth 
profile observed when the 45-60 km dust layer was 
present was often markedly different from that ob-
served during dust storms (similar to a Conrath-ν) and 
shows layers of near-constant optical depth with height 
below the dust layer, indicating the 45-60 km dust 
layer was detached from lower altitude atmospheric 
dust (Figure 1).   

The presence of a high dust concentration layer at 
15-30 km in MCS data has been previously noted[5], 
however the 45-60 km dust layer, while often present, 

is less frequently detached from lower altitudes on 
MCS data covering parts of MY28-30 compared to 
MY24-26 observed by TES.  As with TES data, MCS 
data indicate this phenomenon occurs most frequently 
at low latitudes (30°S-30°N) .    

 
Figure 1.  Dust mixing ratio (Δτ/Δmb) observed by TES limb 
scans in MY24-26 in the 48-54km altitude bin (top).  Note the 
global dust storm of 2001 near the center of the figure.  Exam-
ples of detached and undetached upper dust layers (bottom).  
Detached upper layer dust mixing ratio (solid line), detached op-
tical depth profile (dashed line), undetached dust mixing ratio 
(dash-dot), undetached optical depth profile (dash-3 dot).   

 
     The variability between the detachment of the 45-
60 km dust layer between TES and MCS observations 
could be due to the relative prevalence of water ice 
clouds during each observation period.  TES limb dust 
and ice mixing ratios are strongly anti-correlated and 
detachment of the 45-60 km layer occurs most fre-
quently in the low latitudes during times where lower 
altitude (30-45 km) regions have high ice mixing ra-
tios, particularly the aphelion cloud belt season.  
Therefore, while the dust mixing ratio in the 30-45 km 
region is low throughout MY24-26 relative to the dus-
ty layers above and below, during cloudy periods ice 
clouds could scavenge the available dust as nuclei, 
leaving the upper layer completely detached from 
lower level dust sources.  Alternatively, the TES pe-
riod could show more dust detachment because the 
TES retrievals are biased in favor of ice over dust, or 
because the MCS retrievals are biased in favor of dust 
over ice, in the 30-45 km layer.     
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Connection with General Circulation:  The TES 
limb dust observations were used to force the 
MarsWRF general circulation model[8] to simulate 
MY24-26 and compare the results to observations as 
well as extend analysis above the TES altitude range.  
Additional simulations were conducted with dust forc-
ing based on the Mars Climate Database (MCD)[6] us-
ing both a Conrath-ν dust profile and a vertical profile 
based on TES observations. 

Results from the simulated MY24-26 suggest that 
the residual mean atmospheric circulation maintains 
the high-altitude dust layers (Figure 2).  The residual 
mean vertical velocity, w* in the Transformed Eulerian 
Mean framework[2], is persistently upward in the con-
vective boundary layer in the low latitudes (30°S-
30°N) and weakly upward in a broad region from ~20-
50 km (Figure 2).  In dust storm seasons, upward verti-
cal motion is intensified (reaching a zonally-averaged 
value of 5-10 mm/sec) above 30 km, providing a plau-
sible mechanism to loft the 1.5-2 µm dust particles to 
altitudes above 60 km during the 2001 global dust 
storm.  Upward motion in this vertical range is weaker 
in simulations with a Conrath-ν dust profile.  This 
strong upward motion is not evenly distributed in lon-
gitude, but is preferentially focused over high terrain, 
particularly Tharsis, implying that localized intense 
updrafts loft dust to altitude, where mean winds 
quickly transport it. 

 
Figure 2.  Dust mixing ratio (Δτ/Δmb) observed by TES limb 
scans in MY24-26 (top) and the residual mean vertical velocity 
(w*, m/s) from the MarsWRF simulation forced with TES dust 
observations (bottom).  Note that the TES dust mixing ratio may 
be biased low near the surface in the dustiest periods.  
 
The simulations with a TES-derived vertical dust 

profile also have an intensified polar warming relative 
to the simulation with a Conrath-ν vertical dust profile.  
Temperatures in the area of polar downwelling are 10-
30 K warmer (seasonally dependent), even when using 
identical surface distributions of dust based on the 

MCD (Figure 3).  Additionally, the polar warming 
occurs at lower and more poleward locations, more 
closely matching the observed polar warming by TES 
and MCS.  Driving this intensified polar warming is a 
deeper and intensified residual mean circulation in 
simulations with a TES-derived vertical dust profile, 
which also produces a colder tropical middle atmos-
phere through adiabatic cooling, a feature also ob-
served with TES and MCS.  Temperatures in this re-
gion in simulations with a Conrath-ν vertical profile 
are 10-20 K warmer than observations. 

 
Figure 3.  Ls = 270° zonal mean temperatures (Kelvins) from 
MarsWRF simulations forced with MCD-based surface distribu-
tions of dust and TES based vertical profile (left) or Conrath-ν 
vertical profile (right).      
 
Conclusions:  High-altitude dust layers at 15-30 

km and 45-60 km have been persistently observed by 
TES and MCS during MY24-26 and MY28-30, respec-
tively, and are most frequent in low latitudes.  Through 
those 6 Mars years, there is variability on diurnal, sea-
sonal and interannual scales of the dust mixing ratio in 
those layers with a typical range of 10-2 – 10-1  Δτ/Δmb.   

Larger dust particles reach these heights in dust 
storm seasons, but the data and model simulations im-
ply these layers are smaller particles that are being 
steadily supplied from the surface in intense updrafts 
associated with topography.   

The presence of high-altitude dust layers strength-
ens the residual mean meridional circulation, even with 
uniform column-integrated dust optical depths, result-
ing in an intensified polar warming that more closely 
matches observations in magnitude and location than 
simulations using a Conrath-ν vertical dust profile.   
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