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Introduction: We have developed a process for 

deriving near-surface (~1m) temperatures for potential 
landing sites, based on observational parameters from 
MGS TES, Odyssey THEMIS, and a boundary layer 
model developed by Murphy for fitting Pathfinder 
meteorological measurements. Minimum nighttime 
temperatures at the MER landing sites can limit power 
available, and thus mission lifetime. Temperatures are 
derived based on thermal inertia, albedo,  and opacity 
estimated for the Hematite site in Sinus Meridiani, 
using predictions of 1-m air temperatures from a one-
dimensional atmospheric model. The Hematite site 
shows 9 % probability of landing at a location with 
nighttime temperatures below the –97 C value consid-
ered to be a practical limit for operations. 

Approach one - using TES albedo/thermal iner-
tia maps: Existing maps of albedo and thermal inertia 
derived from MGS TES data provide a ready means of 
predicting temperatures for any location, season, time 
of day, and dust opacity using a thermal model. Here 
we employ Murphy’s boundary layer model [1,2] to 
generate air temperatures at 1 m for input values of A, 
I, opacity, season, and local time. Although the TES 
data are limited in spatial resolution, that instrument’s 
excellent calibration provides reliable temperatures 
consistent with the body of evidence from Viking or-
biter and lander data, as well as Pathfinder air tempera-
tures. 

Approach two - using THEMIS nighttime ther-
mal imaging: The Odyssey THEMIS instrument, 
though not as well calibrated as TES, has 100 m imag-
ing resolution in bands in the 10-12 µm range, and 
thus offers additional information about the spatial 
distribution of nighttime thermal regimes. We have 
explored the transformation required to infer from raw 
THEMIS brightness temperatures nightly minima at a 
differing local time and season. A more accurate ap-
proach would be to use THEMIS-derived inertias, 
once these become available. 

 
Application:  We model the nightly minima ex-

perienced by a MER rover at the Hematite site, near 
the end of the mission when temperatures are of most 
concern. This site also experiences the lowest tempera-
tures, due to low inertia (dust-covered) regions in the 
landing error ellipse.  

We find using approach one a 9% probability that 
the MER rover would land in a site where the tempera-
tures fall below –97 C at Ls 30. Nightly minima can be 
expressed as contours in the albedo/inertia distribution 
(Fig. 1). For the Isidis candidate landing site, note the 
considerably higher inertia places it well beyond the 
region of concern. The minimum temperature map for 
Hematite (Fig. 2) shows the concentration of problem-
atic low temperatures in the west part of the landing 
probability ellipse.  

The THEMIS images are currently of value primar-
ily for their spatial resolution; they show a variance of 
about 2 K across one strip within the Hematite ellipse.  

Discussion:  We believe this approach will have 
other applications, both scientifically in modeling of 
near-surface environments, and technically to aid in 
future mission designs. Among the physical studies of 
interest are the transfer of water vapor and the devel-
opment of daytime turbulence. 

As mesoscale models [3,4] develop further, we ex-
pect them to take over a greater role in providing this 
kind of information. Winds clearly can affect the local 
thermal environment, mixing thermal domains hori-
zontally and also mixing warmer air down from higher 
altitudes during nightly inversions. The THEMIS data 
will permit derivation of a zero-wind baseline for such 
work. 
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