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Introduction:  The main characteristics of the 

Martian climate system is its unstable nature of the 
atmosphere, which is contrastingly different from that 
of the Earth. The exchange of carbon dioxide between 
the atmosphere and the surface occurs extensively. The 
present major surface reservoir of the atmosphere is 
the polar caps but regolith layer at mid latitudes is also 
considered as a potential site [1]. 

On Mars water, another important component of 
the atmosphere, is considered to exist mostly as ice in 
near-surface region of poleward areas. Although the 
amount of water vapor in the atmosphere is quite mi-
nor, it is believed to be incorporated in the circulation 
cycle among several reservoirs. Recently, Planetary 
Fourier Spectrometer Long Wavelength Channel 
aboard Mars Express reports spatial and temporal 
variations of water vapor in the atmosphere [2]. Ac-
cording to them, two locally distinct high concentra-
tions exist besides large variations in the polar caps. 
They are the regions over Arabia Terra and Tharsis. 
Their maxima are notable at Ls=330-60 and Ls=155-
210. After evaluations of the possibility of horizontal 
transportation of water vapor from polar caps by GCM, 
Fouchet et al. suggest a possibility of local exchange of 
water between the regolith at Arabia Terra and the 
atmosphere. If this exchange is supported by other 
remote sensing data it should be an important clue to 
understand how the amount of water is controlled on 
the surface of Mars. Here we report seasonal variation 
of the surface temperatures at Arabia Terra in relation 
to the vapor concentration by PFS.  

Studied area:  Arabia Terra is located in the north-
ern hemisphere at latitude ranging from equator to 40N. 
This area is famous for having extremely low thermal 
inertia, which indicates extensive cover of dust. The 
depth of dust layer is estimated as large as 20m thick 
[3]. Gamma Ray Spectrometer aboard Mars Odyssey 
reports high concentration of hydrogen in Arabia Terra 
(Fig.1) [4]. Mitrofanov et al. (2004) estimates water 
content at the surface layer as 9wt% to explain epi-
thermal neutron flux [5].  

Analysis:  We estimated seasonal variation of the 
surface temperature and atmospheric pressure at target 
area in Arabia Terra (15N, 30E). The target area was 
selected based on Fouchet’s high concentration area. 
To compare this we also selected a reference area 
which is outside of Fouchet’s high concentration area 
at same latitude (15N, 320E). The surface temperatures 
were obtained from THEMIS IR and TES.  The at-

mospheric pressure at the target area in Arabia Terra 
and the reference area was estimated based on the 
model equation of the surface pressure at Spirit landing 
site proposed by Haberle and Wilson (2003). The sur-
face pressure was corrected for the difference of alti-
tude with the scale height of 12km. Then surface pres-
sure was converted to water vapor partial pressure as-
suming water vapor in the atmosphere of 0.03%.  

Surface properties:  Seasonal variation of the sur-
face temperature at the target area in Arabia Terra and 
the reference area are shown in Fig.2.  Red circle, or-
ange circle and blue circle correspond to LT~14 (de-
rived TES), LT~17 and LT~4 (derived THEMIS IR), 
respectively. The error bars indicate standard deviation.  
    At the target area the daytime temperature at LT~14 
is systematically higher by 5-10K than that at the ref-
erence area and the nighttime temperature at LT~5 is 
lower by 10-20K than that of the reference. This is 
consistent with the contrast of the surface properties 
such as the albedo and the thermal inertia between two 
areas. While the daytime temperatures (LT~14) at both 
areas exhibit two maximums and two minimums in the 
seasonal variation, the early-evening temperatures 
(LT~17) has one maximum and one minimum at the 
target area and almost flat at the reference area. This 
can be interpreted by the difference of the thermal iner-
tia and the effect of orbital eccentricity.  
      The possibility of water exchanges:  Based on 
seasonal variations of the surface temperature at Ara-
bia Terra following scenario can be considered. The 
characteristics of the surface temperatures at Arabia 
Terra is fundamentally attributed to low thermal inertia 
and high albedo. High temperature at around culmina-
tion under high insolation period would promote sub-
limation of ice contained in near-surface region of the 
regolith. Low temperature from early evening to mid-
night would promote deposition in the near-surface 
regolith. Particularly the rapid decrease of temperature 
in this region is expected to promote quick deposition 
in the very near the surface, which works as a kind of 
shutter to prevent further deposition at inner part. In 
this period extensive sublimation results in higher wa-
ter vapor, which is consistent with what PFS has ob-
served. 
     The key factor in this scenario is how the thermal 
inertia responds to the sublimation/deposition of water 
ice. Since ice phase preferentially grows at grain-
contact area during deposition, even minor amount of 
the deposition greatly increases contact area in granu-
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lar mixture. This results in efficient increase in bulk 
thermal conductivity because ice phase has a similar 
value of the conductivity of silicate minerals. Jackson 
& Black, Piqueux & Christensen formulate this effect 
and evaluate resultant increase of the conductivity 
[6,7]. Geminard & Gayvallet, Iwasaki & Kurita meas-
ured thermal conductivity of granular materials with 
wetting second phase and report addition of several 
volume percents wetting phase largely increases bulk 
thermal conductivity [8,9]. All these studies indicate 
the thermal inertia of regolith should increase/decrease 
in association with deposition/sublimation of ice, re-
spectively. Putzig & Mellon discuss the problems in 
determination of thermal inertia from satellite data [10]. 
In their paper they report the surface at Arabia Terra 
cannot be modeled by a simple layered structure to 
retrieve thermal inertia and they present this "unre-
solved thermal inertia" as an apparent function of sea-
son (Fig.3). The characteristic points are, 1) difference 
in thermal inertia in daytime and nighttime; nighttime 
values are always larger than the daytime values, 2) 
lower thermal inertia at periods of higher surface tem-
perature, and 3) the difference in thermal inertia be-
tween nighttime and daytime is larger at the periods of 
higher surface temperature. All these characteristics 
are consistent with the scenario described above if the 
data points represent real value of the thermal inertia. 
    Here we would like to propose a thermal inertia 
feedback as a potential process to control surface tem-
perature and vapor concentration in the Martian sur-
face environment. In the area with higher water con-
centration in the subsurface region, higher insolation 
promotes sublimation of ice near the surface. This re-
sults in lowering of the thermal inertia because of the 
reduced area at grain contacts. Lower thermal inertia 
promotes higher temperature in daytime, which pro-
motes further sublimation. Since this works as a posi-
tive feedback large amount of water can be transported 
from the ground to the atmosphere if high insolation is 
maintained. We consider this is a plausible mechanism 
in the atmosphere-surface interaction of Mars, which 
can be tested by future explorations by landers. 
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Figure 1: Epithermal neutron flux from the Neutron 
Spectrometer. The white boxes indicate target area 
(right) and reference area (left). (modified from [4])  
 

 
Figure 2: Seasonal change of temperature at target area 
in Arabia Terra (top) and reference area (bottom). 
 

 
Figure 3: Seasonal change of apparent thermal inertia 
at target area in Arabia Terra. (modified from [10]) 
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