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Introduction:  In ecology, habitat suitability index 

(HSI) models are quantitative ways of representing the 
potential for an environment to support a selected spe-
cies or model organism. These indices apply known 
environment-species relationships, such as temperature 
tolerances, to predict survival, reproduction, and de-
velopment, as well as the environment's potential for 
species recruitment. Additionally, HSIs allow for a 
consistent way of comparing environments and to ex-
amine their suitability over time. Recently, [1] sug-
gested applying such ecological models to planetary 
science in order to resolve the habitability of extrater-
restrial environments. Because the question of habita-
bility does not fundamentally have a binary answer but 
is rather a spectrum, habitat suitability indices provide 
an excellent resource to compare extraterrestrial envi-
ronments and understand their potential to support life. 

Given the level of environmental data available 
from both orbiters, landers, and general circulation 
models, HSIs can now be used to assess the present-
day habitability of the Martian surface. Furthermore, 
the Martian surface may presently support (meta)stable 
liquids, specifically brines [2,3]. Such brines may pro-
vide the liquid water environment necessary for life, as 
well as shielding from the martian radiation environ-
ment [4]. To date, the Special Regions requirement 
(water activity aw ³ 0.6 and temperature T ³ 255 K) 
has been adopted to assess the habitability of martian 
environments [5,6]. Given the surface conditions, 
though, recent work has shown that expected brine 
environments would not support terrestrial-like life 
because the maximum temperature a (meta)stable brine 
could achieve is 225 K [2].  

The environmental conditions required by the Spe-
cial Regions definition, though, are based on life as we 
have known it. Indeed, the boundary conditions for life 
have over time been pushed into more extreme condi-
tions. Since the publication of these requirements, mi-
croorganisms have been found living in a hypersaline 
deep-sea brine that can reach aw ~ 0.4 and T ~290 K 
[7], though not in Don Juan Pond in Antarctica where 
aw ~ 0.45 and T ~237 K [8]. 

To assess and compare martian environmental hab-
itability, here we develop an HSI model based on the 
species-environment relationships used in the Special 
Regions definition (i.e., water activity and tempera-
ture). The developed quantitative metrics are aimed at 
finding where and when Mars would be, relatively 

speaking, the most habitable. Because liquid water is 
important for life as we know it, the models are partic-
ularly applied to potential brine environments, but we 
also apply them outside of these conditions to gain a 
general understanding of Martian habitability.  

HSI Model:  Typically, an HSI varies between ze-
ro, for a fully unsuitable environment, to one, for a 
fully suitable environment [1]; however, given the low 
temperature and hyperarid conditions experienced on 
Mars, which are typically below known microbial tol-
erances [8], our developed suitability index ranges 
between +1 and -1. The positive HSI boundary is de-
fined by the maximum possible temperature and brine 
water activity while the negative boundary is defined 
by the minimum possible temperature and brine water 
activity. The zero boundary represents the mortality 
conditions in temperature and water activity. For the 
purposes of this work, we set this to the Special Re-
gions values, but note that the HSI is developed to al-
low this boundary to be easily changed.  

While temperature is readily obtained for Mars ei-
ther from in situ or orbital measurements and as model 
outputs given thermal inertia and albedo, brine water 
activity is not. Brine water activity, though, is related 
to the local relative humidity with respect to liquid 
(RHl) at equilibrium by aw = (RHl/100) because at this 
point the brine is stable against evaporation. This now 
allows for HSI calculation following two environmen-
tal parameters, T and RHl. Within this space, we devel-
op our HSI as a measure of the shortest distance to the 
mortality boundary. In Figure 1, we plot the developed 
HSI model over the range of Mars-relevant tempera-
tures and relative humidity. 

 

 
Figure 1: The proposed habitat suitability index model based 
on the temperature and relative humidity mortality point used 
to define Special Regions on Mars.  
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To conduct global HSI calculations, we used the 
modeled surface temperature and water mixing ratio, 
which we then translated to RHl, from the MarsWRF 
general circulation model [9]. We also used in situ 
measurements from the Phoenix (PHX) lander and the 
Mars Science Laboratory (MSL) rover. For environ-
mental context, in Figure 2, we plot PHX and MSL 
data bounded by the maximum and minimum combi-
nation of temperature and relative humidity that is pre-
dicted by MarsWRF to occur on the surface of Mars. 
Additionally, we include data from weather research 
stations, assimilated observational and model data, 
from the Atacama Desert and the Antarctic Dry Val-
leys, which are often used as Mars analogs on Earth 
because of their arid environments.  

 

 
Figure 2:  Temperature and relative humidity measurements 
from PHX (magenta) and MSL (purple) compared with the 
Atacama Desert (lavender) and the Antarctic Dry Valleys 
(light blue). For context, the possible combinations of condi-
tions as predicted by MarsWRF is shown by the cyan space 
bounded in blue by the maximum and minimum combina-
tion. The light gray lines are of constant water vapor pressure 
and the solid black line is the ice line (RHice = 100%). 
 

Results:  In Figure 3, we show the hourly calculat-
ed HSI using data from PHX and MSL, as well as the 
Atacama Desert and Antarctic Dry Valley for one year. 
As can be seen in Figure 2, due to the hyperarid condi-
tions on Mars, relative humidity is strongly correlated 
with temperature such that low temperatures are asso-
ciated with high humidity at night and high tempera-
tures are associated with low humidity during the day. 
The latter association manifests in Figure 3 as a clus-
tering around a value of -0.7. The terrestrial sites are 
free of this clustering, even at the drier site of Antarcti-
ca. Furthermore, both Earth sites exhibit seasons where 
HSI > 1 (i.e., habitable), while the highest value for 
Mars is only -0.32. Such values occur only briefly dur-
ing a single day rather than a season.  

At the conference, we shall present global results 
and discuss implications for relative habitability across 
the Martian surface, as well as temporal dependencies.  

 
Figure 3:  Calculated HSI using in-situ PHX and MSL 
measurements for Mars, as well as data representative of the 
Atacama Desert and Antarctic Dry Valley as a function of 
time (Ls, heliocentric longitude). Colors follow from Fig. 2. 
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