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Introduction: Mini-TES, a spectrometer instru-

ment onboard the Spirit rover (MER), acquired surface 

and atmospheric data since 2004, along its track in the 

inner plain of Gusev Crater [1]. Here, we contrast this 

information with THEMIS data, the spectrometer on-

board the Mars Odyssey orbiter. After working only 

with orbital data on the distribution of permafrost in 

the ground [2,3], becames necessary to study the relia-

bility of these data.  Most of the data from Mars comes 

from orbital sensors, but only few missions had 

reached the surface of the planet. The importance of 

the Spirit’s sensor, called Mini-TES, is that it provides 

most direct data (more reliable therefore) and allows to 

compare them with orbital ones (such as THEMIS). 

Moreover, these data haven’t been used so much, and it 

would be a very important source of information on 

geologic and physic studies. 

THEMIS and MiniTES BTR data: 

Mini-TES sensor was designed for derive minera-

logical and thermophysical properties of the area sur-

rounding the Mars Exploration Rovers (MER), with a 

spectral range of 5-29 µm (339.50 to 1997.06 cm
-1

) 

[4]. It is installed on the head of the Pancam Mast As-

sembly (PMA), located ~1.5 m above the ground. It 

has 60 degree of azimuth travel and views from 30º 

above the nominal horizon to 50º below. It allows us to 

take a record from soil and another from atmosphere 

on the same place and practically at the same time. 

From MER mission, here we use the Spirit data. This 

vehicle landed into Gusev crater and is still travelling 

in the inner plains.  

THEMIS sensor is onboard of the Mars Odyssey 

spacecraft, and is still acquiring (for more of ten years) 

visible and infrared (IR) multispectral images all over 

the planet, with a mean resolution of 18 and 100 

m/pixel, respectively [5]. Here, we use THEMIS-IR-

derived Brightness Temperature Records (BTR) prod-

uct, what provides surface temperature information. 

Methodology: In order to test the accuracy of sur-

face temperature derived from THEMIS-BTR data, 

here we compare them with the Mini-TES BTR infor-

mation available of the area of Spirit’s track at concor-

dant date, local time and coordinates (Table 1). On the 

case of Mini-TES data we analyzed the information 

acquired at 798.82 cm
-1

 wavelength (generally Band 

81); similar to the 795.54 cm
-1

 from Band 9 of 

THEMIS-IR. For this area, there are 13 THEMIS BTR 

available images, however, one of them is overexposed 

and it has been discarded in our analysis. The cor-

rupted image was taken on the 15
th

 sol of the mission. 

The other 12 THEMIS-BTR images here used were 

acquired from early 2004 to early 2007, on irregular 

intervals of time. So, we have data on three Martian 

years (four Earth’s ones). 

 

Table 1. Date (from start of the Spirit mission, Solm; and 

from Martian year, SolM) and time (in local hour, Hl) where 

was taken each measurement (THEMIS, Ts1; Mini-TES sur-

face, Ts2; and Mini-TES atmospheric temperatures, Ta3) and 

temperature values (K) for each one. 

 

Results:  Temperature surface values derived from 

Mini-TES and THEMIS are similar (Figure 2), as ex-

pected. However here we report some differences be-

tween them, with a mean of 14.3 degree. On all cases 

(except on the measurement number 9, from the left; 

627
th

 sol), Mini-TES temperature is higher than 

THEMIS, probably owing to the effect of the thin Mar-

tian atmosphere (the data have not any correction on 

this way). In some measurements, the elevation of the 

Mini-TES sensor varies between 0.5 and 0.2 degrees 

above the horizon. The inclination of the sensor affects 

to values of temperature; and the lower the angle, the 

higher the temperature value obtained by the sensor. 

Although, this difference is only about one degree.   

Comparative analysis:  Comparing the results ob-

tained, we could found some trends (Figure 1). On the 

first, it could be noted the decrease in the difference 

between both the surface and atmosphere temperature 

and between THEMIS and Mini-TES measurement of 

surface temperature (what we call here “THEMIS er-

ror”). This decrease is produced on the course of the 

Spirit mission, but it would be produced by (1) the 

effect of the change on the surface material (change 

from loose regolith to rocky outcrop), (2) the climatic 

effect produced by the relief (the track goes through a 

hill), (3) some climate process (local or regional), or 

(4) some improvement or technical adjustments on the 

Solm SolM Hl1 Ts1 Hl2 Ts2 Hl3 Ta3 

12 334 16 253.3 10:40 291.4 10:11 165.8 
110 24 17 225.3 16:38 236.8 16:33 156.9 
135 36 17 224.0 16:00 233.0 16:02 151.4 
160 48 17 219.3 16:43 238.5 16:30 158.8 
258 92 17 206.1 17:02 214.3 16:49 147.1 
356 138 17 209.8 17:06 240.0 16:51 160.1 
381 151 18 217.5 17:19 236.2 17:21 166.1 
504 224 17 236.6 17:22 245.8 17:08 214.6 
627 303 16 268.4 16:06 264.0 16:46 203.6 
725 358 16 246.8 16:13 253.0 16:00 203.6 
750 10 16 237.0 16:17 253.7 16:04 208.5 
1071 163 18 218.6 17:50 218.8 17:37 194.2 
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processing of the data by MiniTES team. Even, we 

observed a positive correlation between these two dif-

ferences (Figure 2). It could be only related to the gen-

eral decreases of all the temperatures with the time on 

the area; or it could meant that the lowest the atmos-

pheric and surface temperatures difference, the lowest 

the “THEMIS error”. We also observed a rare distribu-

tion when we compare “THEMIS error” with the Mini-

TES atmospheric data on its absolute values (Figure 3). 

There aren’t any temperatures between 170 and 190 K. 

In addition, there isn’t any correlation between the 

whole data (linear regression with R
2
 lower than 0.15). 

But if we separate data into two cluster, the first seven 

measurements in one of them (blue) and the leftover 

data in another one (red), we found two similar correla-

tion (logarithmic regression with R
2
 ~ 0.7). This sug-

gests that the higher errors on THEMIS data will be 

produced with the higher atmospheric temperatures 

values. 

Conclusions: Indeed the few data, on this prelimi-

nary analysis we found some interesting trends compar-

ing THEMIS with Mini-TES data. For improve this 

analysis and understand better its real implications, is 

needed to obtain more complementary data (as spec-

trometric, CO2 levels, suspension dust, etc.). Our next 

step will be to repeat this analysis with Opportunity 

measurements to observed its trends in other regions of 

Mars. This research could help to understand how im-

portant could be the atmospheric correction of 

THEMIS-BTR data. 
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Figure 1. Upper plot: Temperature values, derived from BTR data, for the same place and time. The surface temperature 

comes from THEMIS (red circles) and Mini-TES (red cross); and the atmospheric ones, comes from Mini-TES, when the sensor 

looks up. Lower plot: Differences of temperature values, between both surface measurements |TEMIS - Mini-TES| (black dots) 

and between both Mini-TES measurements, atmospheric and surficial (grey dots). 

Figure 2. Linear correlation between surface temperature 

difference (THEMIS – Mini-TES) and Mini-TES surface and 

atmospheric temperatures; for the same place and time. 

Figure 3. It is showed “THEMIS error” vs. atmospheric tem-

perature, and also the logarithmic correlation of two separated 

cluster of the data. Each color, red and blue, match with each 

correlation line. 
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