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Introduction:  The Heat Flow and Physical Prop-

erties Package (HP³) includes an infrared radiometer 

attached to the deck of the InSight lander [1]. The main 

objective of this instrument subsystem is to constrain 

the surface thermal boundary condition for the heat 

flow measurement carried out by the instrumented teth-

er deployed into the subsurface. The heat flow in the 

subsurface can be affected by seasonal and diurnal 

temperature variations, by radiation from the lander, its 

shadow, and the change in surface albedo caused by 

dust removal during landing and later deposition. The 

radiometer is measuring daily average temperature as a 

function of season and recording diurnal temperature 

curves and shorter period temperature fluctuations, 

such as eclipses [2], with a sampling rate of up to ~0.5 

Hz. The radiometer observes the surface to the NNW 

of the lander center (Fig.1) 

 
Figure 1: Arm camera image of the surface observed by the 

radiometer. Green/red lines and labels indicate N/E distance 

from lander center in m. 

Soil properties: The temperature response to 

changes of insolation provides an estimate of the ther-

mal inertia, which is diagnostic of soil parameters such 

as grain size and cementation. The HP3 mole encoun-

tered soil whose topmost layer is unconsolidated, but 

has sufficient strength at depth to support a near-

vertical wall through the vibrations caused by the 

hammering mechanism (Fig. 2). Some cementation of 

the soil at depth is the most likely cause of this unex-

pected strength.  

 
Figure 2: Arm camera image of the hole excavated by the 

HP3 mole. The mole end is ~5 cm above the surface. 

Piqueux et al. [3, this conference] model the diurnal 

temperature response of the soil observed by the radi-

ometer and find a that the observations can be fitted 

well assuming a vertically homogeneous soil. The cor-

responding thermal inertia is 189 ± 10 J m
-2

 K
-1

 s
-1/2

. 

This value is consistent with orbiter observations of the 

landing site and has been interpreted as a fine grained 

sand with an cement volume fraction <<1%. Both grain 

size and cementation increase thermal conductivity of 

soil and thus thermal inertia [4]. A top layer with dif-

ferent thermal properties, which is thin compared to the 

diurnal skin depth of a few centimeters, would not 

strongly affect the diurnal curve, and could therefore 

be present even though the data is explained well with 

a homogeneous model. The objective of this research is 

to find out whether the cementation at depth inferred 

from images is manifested as a variation of thermal 

conductivity with depth using data from solar eclipses 

as an additional constraint.  

Eclipse data fitting: On sol 96, 97 and 99 the ra-

diometer observed the effects of Phobos eclipses, 

which corresponded to a ~30 s long shadow and the 

reduction of solar flux between 3% and 13%, as ob-

served by the camera and solar panel output. The cam-

era and solar panel data cannot fully resolve the time-

line of the insolation reduction and therefore we use a 

model of that includes Phobos ephemeris, shape and 

solar limb darkening to generate the timeline. We fur-

ther use output from the LMD1D model derived from 
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the MCD model [5] as boundary conditions to solve 

the heat conduction in the near surface and to calculate 

model curves of surface temperature. The model ac-

counts for the Mars ephemeris and provides down-

welling solar and infrared fluxes.  Atmospheric dust 

opacity is derived from camera images of the sky as 

used as input for the atmospheric model. At the time of 

the eclipses the insolation is reduced temporarily ac-

cording to the eclipse timeline. The free parameters of 

the model are the thickness of the top layer, the thermal 

conductivities of both layers and the surface albedo. 

The model parameters are varied to find the parameter 

space that provides an acceptable fit to the data, con-

sidering its uncertainty.  

A challenge in this fit is the weighting of the data. 

During the eclipse the sampling frequency was set to 

the maximum of ~0.5 Hz while the diurnal curves are 

typically sampled 23 times in 5 min per solar hour. The 

radiometer measurement error is dominated by calibra-

tion uncertainties, and is expected to be partially a 

function of local time. That means that the measure-

ment error changes little during the eclipse and there-

fore does not interfere much with the fit. This is illus-

trated in Fig. 3. The top panels shows the diurnal curve 

of sol 97 and the bottom panel focusses on the time 

around the eclipse sampled at 2 s, with black error bars 

indicating the total measurement uncertainty. The bot-

tom panel plot indicates that variance relative to the 

diurnal trends is significantly smaller than that. To 

make best use of the data we fit them in two steps. 

First, the diurnal data with the low sampling rate and 

total uncertainty constrain the parameter space. Sec-

ond, the high sampling rate data of the eclipse with a 

smaller uncertainty corresponding to the random noise 

further narrow down the parameter space. This is work 

in progress. Fig. 3 shows two models selected to fit 

within the uncertainty of the data. The blue curve cor-

responds to homogeneous model with a thermal inertia 

of ~190 Jm
-2

K
-1

s
-1/2

, and the red curve corresponds to a 

5 mm thick top layer with an equivalent thermal inertia 

of 120 Jm
-2

K
-1

s
-1/2

 above a half-space with properties 

equivalent to 200 J m
-2

K
-1

s
-1/2

. Both models fit the am-

plitude of the diurnal curve but the layer model fits the 

amplitude of the eclipse response better. The assump-

tion of the total uncertainty underestimates the signifi-

cance of the latter fit. The thickness of the top layer 

was here estimated from the images (Fig. 2). although a 

thinner top layer with a lower thermal inertia equiva-

lent might also fit both diurnal and eclipse response. 

Outlook: The combination of observing the me-

chanical and thermal responses of soil at the Insight 

landing site provides an opportunity to study the Mar-

tian surface in unprecedented detail. This may have an 

impact on the interpretation of orbiter data as well as 

the planning of future mechanical interactions. We 

expected unconsolidated sand at the landing site and 

found a material of sufficient strength to inhibit the 

progress of the HP3 mole via insufficient friction. Pos-

sibly a larger than expected fraction of particles smaller 

than sand (silt) and more cement is to blame. The radi-

ometer data of the diurnal and eclipse indicate some 

form of layering hinting at this situation, a rigorous 

exploration of the parameter space consistent with the 

data is in progress. Laboratory experiments with Mars 

simulants at Mars pressure illuminated by a solar simu-

lator [e.g. 5] observed by a radiometer might provide 

some insight whether heterogeneous particulates re-

spond to external forcing changes indicative of the 

same thermal parameters on both shorter and longer 

timescales. 

 

 
Figure 3: Radiometer data of sol 97. Top: diurnal data, 

Bottom: eclipse observation. Blue: homogeneous model. 

Red: layered model. Models described in the text. 
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