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Introduction: Habitat Suitability Models (HSM) 
provide a formal framework for habitability studies [1]. 
The surface of Mars is the next best object beyond Earth 
to test HSM. Past and future missions are delivering 
more information about the martian environments. For 
example, surface brines may support transient liquids 
environments suitable for life [2,3]. Here we evaluate 
the surface habitability of martian brines in equilibrium 
with the atmosphere as a function of near-surface 
temperature and relative humidity. We are using data 
derived from the MarsWRF global circulation model 
[4], and in situ measurements from the Phoenix (PHX) 
lander and the Mars Science Laboratory (MSL) rover. 
For context, we compare our results with two martian 
analogs, the Atacama Desert in Chile and the Antarctic 
Dry Valleys, and El Yunque Rain Forest in Puerto Rico. 

Development of the HSM: There are six basic steps to 
construct an HSM: (1) select the space and time of 
interest, (2) select variables of interest, (3) select the 
species or communities of interest, (4) identify one or 
more standards of comparison, (5) parametrize the 
habitability model, and (6) validate and correct the 
model. A critical step is a model parametrization with a 
quantity proportional to the biological carrying capacity 
of the system. Here we use a general mass-energy model 
where habitability is defined as H = qME, where M and 
E are the mass and energy available for life, 
respectively, and q is the quality factor or fraction usable 
by life. 

Temperature, T, and relative humidity, RH, are two 
well-known factors controlling the viability and growth 
of microbial populations. Relative humidity is a proxy 
for the available water (water activity) and temperature 
for the available energy. After parametrization, we 
derived an expression for the thermal-humidity, or 
thermowet, habitability H(T, RH) as 

 

where pe is the water vapor saturation concentration 
over liquid water. Our reference environment is the 
special region point (i.e., 255 K, 0.6 water activity) 
[5,6]. For simplicity, the quality factors of the 
environment of interest and the reference are assumed 
equal, and they cancel out. This model assumes that 
relative humidity is nearly in equilibrium with surface 

brines and is a good proxy for the water activity of the 
potential habitat. 

 

Figure 1. Thermowet habitability phase space (contour 
legend). The plot includes data for the Atacama Desert 
(blue dots), MSL lander (red dots), PHX lander (green 
dots), and the MarsWRF model (yellow dots). The black 
circles correspond to time-average conditions for each 
colored location. 

Conclusion: Our results show that the habitability of 
the martian surface, relative to temperature and 
humidity, is two to four orders of magnitude less 
habitable than the know limits for life on Earth (Figure 
1). A caveat of this analysis are microenvironments 
where brines may be out of equilibrium with the local 
atmosphere. It will be necessary for further observations 
of the Martian surface at improved spatial and temporal 
resolution, as well as experimental work on the 
thermodynamics and kinetics of brines under Mars-
relevant conditions to better characterize the habitability 
of Mars at the scale of microbial life. 
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