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Introduction:  One of the most important results from 
Phoenix was the measurement of the atmospheric hu-
midity using the Thermal and Electrical Conductivity 
Probe (TECP) [1], which allows studying the water cy-
cle in fine details, especially at the diurnal timescale. 
During the summer, when Phoenix performed its obser-
vations, the humidity profiles exhibits lower values 
(0.005 to 0.28 Pa [2]) and amplitude than described by 
purely atmospheric GCM models (Fig. 1, Ref. [3]). Sev-
eral processes have been suggested, including ice – at-
mosphere exchange through diffusion, adsorption in the 
porous regolith and hydration changes of salts [1]. In-
deed, Phoenix showed the presence of ~1% perchlorate 
in the regolith [4]. These salts could control the humid-
ity through hydration-dehydration cycles [5]. Adsorp-
tion can also control the humidity especially at low tem-
peratures [6,7].  

More recently, the MSL-Rover Environmental Moni-
toring Station also performed high-resolution measure-
ments of temperature and relative humidity, with cover-
age over a full martian year. This provides a unique op-
portunity to study water vapor exchange between the 
regolith and the atmosphere in two extremely different 
environments, i.e. the polar versus equatorial regions. In 
this abstract we present a detailed analysis of the TECP 
humidity and temperature data and compare them to the 
MSL REMS data.  

 
Figure 1. Modeled water vapor pressure as a function of local 
time (blue: diffusion without adsorption; grey: Global Circu-
lation Model) compared to TECP measurements.  

Phoenix TECP data:  Phoenix relative humidity RH 
data was determined from the PDS for sols 0 – 150. The 
pressure of water (PH2O) was found by computing the 
vapor pressure at the frost point temperature. Saturation 
vapor pressure from [8] was calculated using the board 
temperature Tb. The RH was then calculated and plotted 
gainst the board temperature (Fig. 2). As can be seen, 

the data falls on a logarithmic line, i.e. Tb = A×ln(RH) + 
B. A least squares fit approach was used and a slope of 
A = -8.7 ± 0.3 was found. Since the board temperature 
is almost systematically higher than the real temperature 
by a couple of K, we also determined the change of 
slope associated with a board temperature having an er-
ror of ±10 K. 

 
Figure 2. Hourly averaged board temperature versus relative 
humidity as measured by the TECP. The red dashed line cor-
responds to a logarithm fit of the data. The black line corre-
sponds to the sublimation of water ice (eq. 3).  

The slope does not change significantly for a reasona-
ble temperature, i.e. around 0.2 for a 2 K difference. 
This line does not match thermodynamic boundaries of 
any salt possibly present in the regolith; thus hydration 
changes of salts do not seem to be controlling the hu-
midity. In order to explain the observed relationship, a 
theoretical approach was taken starting from the defini-
tion of relative humidity: 

ln RH   ln PH2O   ln Psat  (1) 

where Psat is the saturation vapor pressure for water ice 
Ih and is given by:  
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where Pt and Tt are the pressure and temperature at the 
triple point, and Ht is the sublimation enthalpy at the 
triple point [6], which has been shown to be a weak 
function of temperature [8,9]. After substitution and re-
arranging, eq. 1 becomes: 

T 
Ht

R
ln RH

Pt

PH2O









 

Ht

RTt













1

 

(3) 

Assuming a sublimation enthalpy of 51 kJ mol-1, the 
resulting slope varies from -7.8 to -5.9 with a mean 
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slope of -7.6 (Fig. 1). We find that a best fit to the Phoe-
nix humidity values results for an enthalpy of 35-42 kJ 
mol-1. The resulting value is nearly 1.5 times lower than 
that of water ice sublimation and is in agreement with 
the addition of enthalpy for adsorption of multilayers; 
however, since the triple point pressure and temperature 
for adsorbed water is different than that of water ice, the 
corresponding enthalpy is possibly different. 

 
Figure 3. Hourly averaged temperature vs. relative humidity 
as measured by the REMS and compared to data acquired by 
the Phoenix TECP. The black dashed line is the theoretical 
line for pure water ice sublimation (red dashed line in Fig. 1).   

MSL REMS data: The RH vs T data acquired by Cu-
riosity exhibit interesting differences when compared to 
the TECP measurements. Although the data show the 
same general trend of decreasing humidity with increas-
ing temperature, they appear with a much larger disper-
sion, ranging from a slope similar to the Phoenix data to 
the theoretical line for pure ice sublimation (Fig. 3). 
This suggests that the behavior of water vapor is more 
complex at the MSL landing site, being controlled by 
pure sublimation and various degrees of adsorption; 
however, this may also be due to the larger time span of 
observations. Therefore, the larger dispersion observed 
by Curiosity may reflect seasonal trends not seen by 
Phoenix. If Phoenix represents a “typical” summer, then 
this would suggest that adsorption is more efficient dur-
ing summer and tends to condensation / sublimation 
only during the winter, which would make sense con-
sidering the lower temperatures. Another major source 
of discrepancy is the exploration by MSL of various 
types of terrains, which might result in changes of prop-
erties at local scale, although it is hard to predict how 
the atmosphere would react (e.g local vs. regional).  

Although both datasets exhibit a similar behavior (at 
least partially for MSL REMS data) in the T vs. RH dia-
grams, the situation is different when looking at the va-
por pressure. The TECP data exhibit very low, nearly 
constant values up to 0.28 Pa (Fig. 4A) compared to the 
much larger amplitude for REMS data (Fig. 4B) with a 
typical afternoon peak reaching almost 2 Pa (i.e. a factor 
10 higher) during the same season. The low pressure 

values at high latitude suggest a significant control by 
adsorption, maintaining water vapor within the regolith, 
while equatorial regions show a more traditional water 
diurnal cycle.  

Conclusions:  Although we are only in the prelimi-
nary steps of the analysis, the TECP and now REMS 
data suggests that adsorption is a significant process af-
fecting the water vapor cycle on Mars. Indeed, the lower 
enthalpy than sublimation value for the observed sum-
mer data at the Phoenix landing site suggests control by 
liquefaction through multilayer adsorption. Therefore, 
adsorption might be a very important process in the for-
mation of brines by deliquescence via formation of thin 
multilayer liquid films on the surface of grains. 

 

 
Figure 4. Water vapor pressure versus local time for Phoenix 
(A) and MSL (B) landing sites at the same season (Phoenix Ls 
= 78-148; MSL Ls = 258-328). 
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