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Background:  The Mars Science Laboratory 

(MSL) mission has a performance goal of landing 
within an error circle of diameter 20 km. By contrast, 
the major axes of the projected landing error ellipses 
for the MER rovers were approximately 70 km. 

Problem: An entry vehicle encounters maximum 
dynamic pressure in the Martian middle and lower 
atmosphere (roughly 20 km < z < 50 km).  Here is 
where it loses most of its kinetic energy; where it 
slows from hypersonic speeds to a supersonic speed at 
which it can deploy its parachute and transition to the 
terminal phases of descent and landing.  Consequently, 
density variations in middle and lower atmosphere are 
a principal source of uncertainty in where the vehicle 
will land. 

The MER-A entry vehicle encountered a density 
profile in the middle atmosphere that was systemati-
cally below the worst-case model prediction; the rover 
landed about 25 km down-track from its nominal tar-
get.  This had no negative consequences for MER-A, 
but a comparable miss at some of the proposed MSL 
landing sites could have severe consequences.  Several 
of these sites are constrained by local topography.  
Furthermore, at some of them, the science objectives 
are located outside the projected landing error circle. 
Especially in these cases, MSL must achieve landing 
precision of ±10 km in order to avoid hazardous ter-
rain and/or to minimize transit time from its landing 
site to the location of its science objectives. 

MSL will achieve its landing precision by means of 
active guidance during the hypersonic entry phase.  
The objective of the research reported here is to ad-
dress two questions: 
(1) In the vicinity of any of the proposed landing sites, 
are there temporal and/or spatial density variations in 
the middle atmosphere (e.g. generated by terrain) that 
are too large for the guidance system to accommodate?  
In other words, should some landing sites be avoided 
owing to atmospheric hazards? 
(2) Are there systematic differences between empiri-
cally derived density profiles and density profiles pre-
dicted by current Mars atmosphere models?  If so, can 
they be used to improve model predictions? 

Approach: The collection of temperature profiles 
retrieved from nadir-viewing radiance measurements 
in the 15 μm CO2 band, acquired by the Mars Global 
Surveyor Thermal Emission Spectrometer (MGS-

TES), is a global, multi-year data set for the Martian 
atmosphere [1].  Because all of these temperature pro-
files were retrieved at the same specified set of pres-
sures, it is a simple matter to calculate density profiles 
from them.  Using Viking Lander (VL-1) seasonal 
pressure data [2] and 32 x 32 MOLA topography data, 
we calculated surface pressure at the latitudes and lon-
gitudes of profiles from MGS-TES in the vicinities of 
several proposed landing sites, at the season (Ls) cor-
responding to the projected date of the MSL landing at 
each site.  We then calculated approximate heights, z 
(km), above the MOLA areoid for each of the fixed 
pressure levels, by straightforward application of the 
hydrostatic law, to derive the density vs. altitude pro-
files that are conventionally used for estimating the 
outcomes of planetary entry, descent, and landing. 

Because the highest levels at which temperatures 
were retrieved from MGS-TES data were typically 
below 35 km, we extrapolated temperatures to higher 
altitudes by means of the relationship T = T0(p/p0)x [1], 
where T0 and p0 are the temperature and pressure 
measured at the highest altitude at which temperature 
was retrieved.  In reference [1], the value of x was 
taken to be 0.02.  We found that this value produces a 
noticeable discontinuity in the slopes of the tempera-
ture profiles, while a value of x = 0.06 reduces or 
eliminates this discontinuity.  In any case, our calcu-
lated density profiles at altitudes above 35 km should 
be viewed with a degree of skepticism. 

Finally, we compared the empirical density profiles 
with profiles predicted by the Mars Weather Research 
and Forecasting (“MarsWRF”) [3] model for the ap-
propriate latitude, longitude, and Ls.  In the following 
charts, the density profile predicted by the model is 
normalized to itself (i.e. vertical line) and the empirical 
densities are normalized to the model.  The charts 
therefore display ratios of data to model, as functions 
of altitude. 

Results: Although millions of temperature profiles 
were retrieved from the MGS-TES radiance data, cov-
erage of any particular combination of latitude, longi-
tude, and Ls was often sparse (especially at low lati-
tudes).  The following charts illustrate best efforts at 
investigating interannual, temporal (time-scale ~ 14 
sols) and spatial variations at Eberswalde crater, one of 
the proposed landing sites.  The landing season for this 
site is Ls ≅ 121° (early southern winter). 
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(1) Interannual variations: 
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Derived density profiles normalized to MarsWRF, for 
latitude -24.0, longitude 326.3 E, Ls 121°, at epochs 
1999, 2001, and 2003. 

 
(2) Temporal variations: 
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As above, for epoch 2001, over 13 sols centered at Ls 
121° 
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As above, for epoch 2003, over 14 sols centered ap-
proximately at Ls 121. 
 

(3) Spatial variations: 
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As above, for epoch 1999 and Ls 121°, over a range of  
~ 20 km in latitude. 
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As above, for epoch 2001 and Ls 121°, over a range of 
~ 40 km in longitude,. 
 

Findings: At the time of this writing, we have de-
rived density profiles in the vicinities of two other 
proposed landing sites, Holden and Terby craters, in 
addition to Eberswalde.  Those results are generally 
similar to what is seen in the charts above.  Some intial 
conclusions follow. 
(1) Up to now, none of the density profile variations 
we have found would, by themselves, preclude landing 
at any of the three sites we have investigated. 
(2) All of the normalized profiles systematically share 
the characteristic shapes seen in the charts above, viz., 
they typically drop below the predicted densities be-
tween 5 and 10 km altitude, and they remain about 5 to 
15 percent lower up to altitudes around 35 km.   

It should be noted that the derived density profiles 
are very smooth because the TES temperature retriev-
als were heavily smoothed.  Therefore, the features of 
the normalized density profiles are essentially reflexes 
of atmospheric structures predicted by the model.  In 
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particular, the turnover at ~40 km reflects a predicted 
deep temperature minimum between 35 and 45 km. 

Next Steps: We are expanding this investigation to 
include at least the top-ten priority landing sites pro-
posed for MSL.  Additionally, we look forward to 
gaining access to temperature profiles from Mars Ex-
press SPICAM limb scans.  These should allow us to 
derive density profiles above 35 km without extrapola-
tion.  We also look forward to similar data from the 
MRO Mars Climate Sounder.   

We will compare our empirical results with predic-
tions from other models, especially the widely-used 
MarsGRAM database.  In the longer term, we will 
delve into the causes of the differences we have found 
with the MarsWRF predictions. 
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