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Introduction: Mars ground temperature depends 

on the interactions between atmospheric, surface, and 
subterranean properties. The Rover Environmental 
Monitoring Station (REMS) on Curiosity carries a 
Ground Temperature Sensor (GTS) capable of captur-
ing the diurnal cycle of ground temperatures. We give 
a brief description of the GTS performance and how 
we use the data to explore how these ground tempera-
tures relate to energy balances with solar radiation 
fluxes, atmospheric thermal emission, wind driven heat 
exchanges, soil properties, subterranean heat dissipa-
tion, and heat fluxes associated to the rover influence 
as well as thermodynamic processes occurring at the 
soil. We show the diurnal ground temperature cycle 
and its evolution during the first 90 Sols of REMS op-
erations. Companion papers discus other aspects of the 
REMS data [1]. 

 
The REMS GTS Sensor: The REMS GTS collects 

data each second for five minutes at the beginning of 
each hour. REMS also acquires several extended ob-
servations of one hour each sol. The extended sessions 
were changed from sol to sol to target specific hours 
where interesting processes were likely to happen such 
as near sunrise or sunset, and where they provided de-
tailed insight onto other transient phenomena.  

  
Fig 1. The REMS ground temperature sensor on boom 1. 

The GTS sensor, developed by the Spanish Centro 
de Astrobiologia (CAB), consists of three thermopiles, 
with three optical filters over the infrared bands 8—
14µm, 16—20 µm, and 14.5—15.5 µm. The field of 
view is 63º on the direction perpendicular to the rover 
mast and the boom 1 axis, 40º on the direction parallel 
to the mast. Only the filter from 8—14µm has a high 
enough signal to noise ratio. At temperatures below 

~210 K the influence of electronic noise is partially 
overcome by eliminating the first 60 seconds of every 
measuring block, and using moving average windows. 
The reachable precission is about 1 degree Kelvin. 

 
Diurnal cycle:  Ground temperature data reveal in-

formation about soil thermodynamic properties, latent 
heat releases associated with processes of active vola-
tiles, changes on solar radiation fluxes, air tempera-
tures and wind driven heat fluxes [1,2].  

Models of increasing complexity can explain the 
observations and extract information about soil param-
eters. Simpler approaches can capture the main fea-
tures of the diurnal variation curve. Deviations from 
those simpler models indicate when are complex pro-
cesses playing a role. On one simple model [3] the 
surface skin temperature follows closely a sinusoidal 
during sunlit hours and after sunset its temperature 
relaxes almost exponentially. Figure 1 shows fits of the 
data on sol 90 to the exponential decay in red and the 
daytime sinusoidal in black. 

        
Fig 2. Evolution of nighttime (red) and daytime (black) ground tem-
perature on Sol 90. 

 
The transient hours right after sunrise show the 

largest deviation from this simplified model. To under-
stand what processes might be responsible for what 
deviation, a second approach is to compare the radia-
tion emited by the ground to the solar insolation cycle, 
IR atmospheric radiation, and heat conduction between 
the soil and the atmosphere. Figure 3 shows the ob-
served diurnal cycle in dark blue, and in red a fit to 
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such a radiative balance with solar radiation as propor-
tional to measured UV fluxes, atmospheric radiation as 
the Planck constant times the air temperature at boom 
1, and heat conduction/ convection proportional to the 
temperature difference between air and ground tem-
perature. Green shows the difference between fit and 
data, turquoise shows the difference if conduc-
tion/convection is not considered (a3=0). This approach 
enables to quantify the hours where each heat ex-
change process has a measurable impact. The largest 
inbalance between radiative heat fluxes and heat con-
duction/convection is observed short before sunrise 
and also at around sunset. Part of it is caused by the 
field of view the UV sensor limit to zenith±30 degrees. 

 
Fig 3. Diurnal cycle of the radiative balance between surface tem-
perature, air temperature, radiation flux, and heat conduc-
tion/convection into the atmosphere for Sol 30. 
 

Long-term variations: Curiosity landed at the end 
of the Southern Hemispheric winter and it has seen the 
transition into spring (Fig 4.). This transition visible in 
the pressure records also has a signature in the surface 
skin temperature which is visible despite the fact that 
the rover has been changing position and the thermal 
soil properties may have changed. 
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Fig 4. Ground temperature minimum, maximum, mean,  from Sol 11 
to 100. It shows a warming trend and rover shadow effects. 
 

The thermal properties of the soil have not changed 
significantly as one can observe from the evolution of 

the exponential decays in the fits to the nighttime tem-
peratures that would follow ∂tT=c(T-T∞) in Figure 5. 
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Fig 5. Decay time, τ, from a fit of nighttime temperatures to Ts =T∞ 
+ T1 exp[(t-tsunset)/ τ]. Color changes reflect changing rover orienta-
tion. 
 

Conclusions: The REMS GTS is providing data to 
unravel the diurnal cycle in ground temperature and its 
relation to other environmental variables. Some filter-
ing is needed before the analysis during (cold) 
nighttime hours. Analysis of other nonenvironmental 
effects such as shadows on temperature sensors, or the 
limited angular coverage of the UV sensor, influences 
analyses when one combines several sensors data. 
These impacts are being studied in parallel but general 
trends appear visible in the preliminary analyses: 

 
1) The observations suggest that the first 100 sols 

have seen a soil with comparable relaxation times. 
These times respond to the surface textures and the 
variation of thermophysical properties with depth. 2) A 
warming trend and an increase in the dynamical range 
of the ground temperature, especially its maxima, has 
been observed. They are consistent with the fact that 
the warmer season is progressing. 3) The diurnal vari-
ability is reasonably well captured by energy balance 
analyses. Temperatures are dominated by radiative 
balance during the morning. At night and in the early 
afternoon (13:00—15:00) heat transfer between the air 
and the surface need to be considered to explain the 
surface temperature. At night heat fluxes between the 
atmosphere and the soil are not enough to balance the 
budget and subterranean properties that control heat 
diffusion and neglected in the models for this work 
may have to be considered. 
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