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Introduction:  The Rover Environmental Monitor-
ing Station (REMS) on the Mars Science Laboratory 
(MSL) Curiosity rover consists of a suite of meteoro-
logical instruments that measure pressure,  temperature 
(air and ground), wind (speed and direction),  relative 
humidity, and the UV flux. A description of the instru-
ments, their operation, performance,  and calibration 
tests are described in [1]. Here we focus on interpret-
ing data from the ground temperature sensor (GTS). 
Companion papers discussing other aspects of the 
REMS data can be found in [2-5].  

REMS Observation Strategy: All REMS instru-
ments acquired data at 1 Hz during a given sampling 
interval.  In “background” mode, REMS data were ac-
quired for 5 minutes at the beginning of every hour. In 
“extended” mode, additional data were acquired, typi-
cally in one-hour blocks. The number of extended 
blocks varied from sol to sol depending on plan com-
plexity, data volume, and power availability. On some 
sols only a few extended blocks were possible, but on 
others as many as eight were uplinked. Thus, the 
REMS daily downlink varied from ~2 to ~9 hours of 1 
Hz data per sol.  Here we show only the average meas-
ured GTS brightness temperature for the first ~5 min-
utes of each hour for which data are available. The 
GTS field of view (FOV) encompasses an approxi-
mately elliptical area of 100m2 centered at an azimuth 
of ~120° relative to the rover.

KRC Thermal Model: A full description of the 
KRC model,  its history, and comparison with other 
thermal models is provided by [6]. In the single-point 
mode used here, this model allows the user to supply 
the appropriate latitude,  longitude, hour, season, eleva-
tion,  slope, opacity, albedo, estimated thermal inertia, 
etc., and retrieve the predicted top-of-atmosphere bo-
lometric temperature (Tb) and the surface kinetic tem-
perature (Tk).  These may then be compared to orbital 
or in situ observations of brightness temperature. Here 
we compare MSL GTS-measured brightness tempera-
tures to values of Tk derived from the KRC model.  We 
note that surface brightness temperatures from GTS 
typically will be slightly lower than kinetic tempera-
ture as a result of surface emissivity and the instrument 
filter response. Emissivities are quite high in the floor 
of Gale crater due to the presence of optically thick 

surface dust, and should only lower the brightness 
temperature by ~1 – 2 K, including the the filter re-
sponse [7]. We derived our inputs for albedo from 
CRISM and TES orbital observations and opacity from 
the THEMIS image acquired on MSL sol 100.

Results: Curiosity spent ~40 sols at the Rocknest 
location and provides a large quantity of data to ana-
lyze. Here we consider the diurnal temperature curve 
from the Rocknest location on sol 100.  We choose this 
sol for demonstration because Mars Odyssey flew over 
the MSL landing site region the same afternoon and 
THEMIS acquired a thermal IR image to which we can 
compare the surface data. Figure 1 shows  a portion of 
the GTS FOV, and Figure 2 shows the GTS-measured 
brightness temperatures. 

Figure 1.  A portion of the GTS field of view on sol 100 
with the Rocknest sand shadow and rocks >10 cm in 
size.  NRA_402736799EDR_F0050104NCAM00449M. 

The minimum and maximum temperatures at 
Rocknest on sol 100 are 192±7 K and 283±1 K at 
05:00 and 13:00, respectively. Also shown for refer-
ence in Figure 2 are modeled Tk curves for surfaces 
having thermal inertias of 250 and 550 J·m-2·K-1·s-1/2 
(units are implicit hereafter) for the same conditions.

The diurnal temperature curve measured by the 
GTS at Rocknest on sol 100 is not well matched by 
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that of a material having a single thermal inertia. There 
also appears to be a decrease in cooling rate from 
~17:00 – 19:00 relative to the modeled curves. 

Figure 2. GTS-measured temperatures on sol 100 
compared to the values measured by THEMIS and pre-
dicted for surfaces having TI values of 250 and 550. 

On sol 100, a THEMIS IR image was acquired of 
the region around the MSL site at 16:06 LMST. The 
band 9 (12.58 µm) THEMIS Tb at the MSL rover loca-
tion is ~250 K.  Band 9 has the least contribution from 
the atmosphere and the surface, and can be considered 
to be a relatively good approximation of the surface Tk, 
albeit somewhat of an underestimate. At this LMST, 
the GTS brightness temperature was 257±2 K.

Discussion: Diurnal Tk profiles are dominated by 
the thermal inertia (TI) of the upper several cm of the 
surface. High TI surfaces are rockier or indurated, ex-
hibit smaller diurnal temperature swings, and are 
slower to warm up and cool down than low TI surfaces 
(which are generally finer-grained, exhibit greater di-
urnal temperature variations, and warm up and cool 
down relatively quickly).  Thermal inertia is not a 
unique parameter and a homogenous mixture of high- 
and low inertia surfaces within the FOV can have the 
same apparent TI as an intermediate TI material. 

No model temperature curve we generated  
matched the GTS-measured temperature curve. Figure 
2 shows that curves for surfaces having inertias of 250 
and 550 match either the nighttime temperatures or the 
daytime temperatures, but not both. Although diurnal 
temperatures are largely controlled by TI,  they can be 
affected by environmental factors. Sources of uncer-
tainty in this analysis include our inferences about the 
atmospheric conditions (there was regional dust storm 
activity during this period as well as observations of 

variable winds and atmospheric pressure on the diurnal 
scale), albedo, surface slopes, and the degree of lateral 
and vertical homogeneity of the surface materials [e.g., 
8]. The decrease in the evening cooling rate is not pre-
dicted by any model. Although slight changes in cool-
ing rate are observed on other sols,  all are of lesser 
magnitude and typically occur later in the evening. We 
are continuing to investigate the origin of this feature 
in the sol 100 data.

Temperatures measured in situ can be compared to 
those measured from orbit [e.g.,  9, 10].   To  first order, 
the THEMIS- and GTS-derived temperatures for 
~16:00 hr are in good agreement, considering the in-
struments’ differing spatial resolutions; THEMIS has 
100m/pixel (10,000 m2) resolution, so represents a 
considerably larger area than the GTS measurement 
(100 m2). Additional direct comparisons between 
REMS GTS data and ODY THEMIS data like the one 
above are constrained by the fact that there are limited 
historical THEMIS data for the MSL landing site dur-
ing the period of the first 100 sols of the MSL mission 
(Ls = 150 – 208°). An effort is now underway to ac-
quire extended blocks of REMS data during all 
THEMIS daytime and nighttime passes for the dura-
tion of the MSL mission. Over the course of the MSL 
traverse, we will use such comparisons to validate 
models of thermal inertia derived from orbital data. 

Future Work: Our preliminary analysis has ne-
glected the effects of several factors that affect GTS 
temperatures and models of the diurnal curve. In the 
future, we will integrate the impacts of downwelling 
radiance, surface emissivity and heterogeneity, winds, 
and local slopes on the GTS temperatures [e.g., 7], as 
well as heat from the rover’s radioisotope thermoelec-
tric generator (RTG), which increases temperatures by 
several K over an area that intersects a portion of the 
GTS FOV. Mastcam images targeted within the FOV 
of the GTS have been acquired at most locations to-
date and will be acquired along the traverse to charac-
terize particle size variations. Extended REMS blocks 
will be coordinated with THEMIS observations.  Local 
images and orbital data will aid in long-term and long-
distance surface thermophysical characterization along 
the rover’s traverse within Gale crater.
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