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Introduction and background: On Mars, the spe-

cific thermal behavior of a surface is mainly dominated 

by its thermal inertia (TI) and albedo. Solar albedo 

represents the amount of energy available for the heat-

ing, while TI controls the kinetic of the subsurface 

heating by conduction in response to the heating of the 

surface by the Sun’s energy. A low TI material will 

heat faster than an high TI material, regardless of its 

albedo. 

The TI of a given material is a bulk parameter de-

fined as the square root of the product of heat capacity, 

thermal conductivity and density, expressed in J.m-2.K-

1.s-1/2 (1 J.m-2.K-1.s-1/2 = 1 tiu, as proposed by [1]). TI is 

one of the key parameters of the surface properties 

since it gives an insight to degree of induration, parti-

cle size, abundance and presence of rocks of the sur-

face and thus to the geological processes that have 

affected this material [2].  

It is possible to infer TI of the Martian surface 

from a single temperature measurement at a given time 

by using global climate models (GCMs) that reproduce 

the evolution of the surface temperature. Such TI is 

obviously model-dependent. GCMs commonly assume 

the surface simulated to be homogeneous on both ver-

tical and horizontal scales. This assumption is an ap-

proximation of the real Martian surface where the sub-

components of a surface contribute differently as func-

tion of local time and season to the temperature ob-

served from orbit. Thus, TI derived from a single tem-

perature measurement is usually referred to apparent 

TI. Apparent TI variations with local time and season 

were reported in [3], [4] and [1] and are considered to 

be a signature of the surface heterogeneities. While 

this time-changing apparent TI may look like a com-

plication, it also enables to assess the heterogeneities 

of the Martian surface using several surface tempera-

ture data. 

Martian surface temperatures have been measured 

from orbit with several instruments and TI has been 

derived from them: the Viking IRTM [5], TES 

onboard MGS [2] and THEMIS onboard Mars Odys-

sey [6]. MGS’ and Mars Odyssey’s orbits around Mars 

are heliosynchronous, causing a given point on Mars 

to be always observed at the same local times (14:00 

and 02:00 for TES, 15:45 and 3:45 for THEMIS). 

Therefore, theses instruments observe little diurnal 

variation of apparent TI and their local time consisten-

cy is well suited for describing the seasonal variation 

of apparent TI [4]. In addition to these previous meas-

urements, the OMEGA instrument provides a new 

sampling of the surface temperature diurnal cycle due 

to the elliptical near-polar orbit of Mars Express.  

The purpose of this study is to retrieve apparent TI 

from OMEGA-derived surface temperatures to con-

strain the heterogeneities and the TI of the Martian 

surface 

OMEGA-derived temperatures:  OMEGA is an 

imaging spectrometer observing the Martian surface 

and atmosphere with 352 contiguous spectral elements 

(spectels) between 0.36µm and 5.1µm [7]. The radi-

ance data is corrected from atmospheric absorptions 

and from aerosol contribution (using lookup tables 

constructed by a Monte-Carlo model, see [9]). The 

surface temperature retrieval method is based on a 

similar approach than [8] and is summarized here: a 

brightness temperature of the surface is derived from 

the four last spectels (5.0-5.1µm) of each OMEGA 

spectrum with emissivities are estimated using meas-

ured reflectance at 2.5 µm with a scaled composite 

spectrum. OMEGA can monitor surface temperatures 

larger than about 190K. 

We restrict our study to 4860 OMEGA datacubes 

selected out of the 10000+ ones composing the entire 

dataset (that spans 4 Martian years) and the availability 

of the new L-channel instrumental transfer functions 

(up to orbit 9123, see [10]). Data selection is based on 

various criteria such as incidence angle < 80° (restrict-

ing this study to daytime data), L-channel detector 

sufficiently cooled (T° < 193°C), low corresponding 

visible dust opacity measured by the MERs (τ < 1.2), 

latitudes < 60° (to avoid CO2 frost). 

Model:  We use the GCM developped at the LMD 

and presented in [11] to infer apparent TI from 

OMEGA temperatures. An accurate albedo is essential 

to put strong constraints on TI. We derive a solar albe-

do using OMEGA reflectance data (see [12], this con-

ference, for further details).  

Results:  We have constructed TI maps of several 

Figure 1. Map of 

averaged apparent 

TI for the Meridiani 

region. Geological 

units are indicated. 

Apparent TI of 45 

OMEGA datacubes 

were used to con-

struct this map. 
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regions of Mars at various spatial resolutions: Tharsis 

(at 20ppd), Syrtis Major (at 20ppd), Nili Patera (at 

32ppd), Meridiani (at 20ppd) and Gale crater (at 

32ppd). Our study reveals diurnal and spatial varia-

tions of apparent TI for some of the studied Martian 

regions, which can be well correlated to geological 

units and morphology (the Etched “E” unit in Meridi-

ani, see Figure 1, and the sand dunes in Nili Patera are 

two nice illustrations). Conversely, others exhibit re-

markably homogeneous and small diurnal variation of 

apparent TI (if not any).  

 
Figure 2. Apparent TI as a function of local time of 

acquisition for a region of Tharsis bewteen 4°N, 9°N, 

130°W and 135°W. The variations presented here are 

representative of the whole area. In dotted lines, simu-

lated apparent TI variation for a surface of dust mod-

eled as 40% of flat terrains and 60% of slopes (15°) 

oriented to East. The two curves were obtained for two 

different Ls (50° and 300°) when most of the data dis-

played here was acquired. 

Figure 2 presents the apparent TI retrieval for the 

Tharsis map that is rather uniform. An increasing trend 

of apparent TI with local time is observed for most of 

the map. Different surface heterogeneities can produce 

such an effect. As an exemple, the apparent TI diurnal 

variation of a mixture of flat and sloped material is 

shown in dotted lines, nicely reproducing the data. 

This demonstrates that simple models of heterogenei-

ties can reproduce the daytime thermal variations. 

In addition to these local studies, a global map (be-

tween 45°N and 45°S) of multiple apparent TI for var-

ious Ls and local times was constructed at a resolution 

of 4ppd (~15km x 15km at the equator) with the 4860 

OMEGA datacubes considered. The averaged map of 

all apparent TI measurements (Figure 2) shows excel-

lent agreement with the published TES median 

nighttime map [4]. ~40% of our map between 45°S 

and 45°N have at least one apparent TI measurement 

in the morning and one in the afternoon, which allows 

us to study and discriminate the heterogeneities of the 

Martian surface on a global scale.  

A higher resolution (20ppd) global map of appar-

ent TIs is under construction. Moreover, nightime ob-

servations  that were not used in this study are under 

investigation (see study of Gale crater [13], this con-

ference). Similarly, data recorded after orbit 9123 will 

be integrated in future studies (OMEGA L channel is 

still in operation).  

 

Conclusions: It is possible to measure surface 

temperature with OMEGA data and to infer apparent 

TI from it. 

Locals maps and a global map of apparent TI aver-

age level and diurnal variations are presented. 

OMEGA provides a new sampling of the diurnal 

thermal cycle and thus reveals to be a useful tool for 

qualitatively and quantitatively assessing the heteroge-

neities of the Martian surface.  
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Figure 3. Global map of 

average TI derived from 

OMEGA at a 4ppd resolu-

tion. While OMEGA data 

can reveal surface heteroge-

neities signatures, our aver-

aged TI map presented here 

highlights the principal units 

of the Martian surface.  
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