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Introduction:  We have begun a long-term study 
to develop habitability assessment metrics for envi-
ronments on other planets by analogs on Earth. A se-
ries of physical and chemical environmental indicators 
has been measured at several sites in Svalbard, the 
arctic. Abundance and diversity of organisms in the 
physical search space has also been measured, in order 
to discover the relationships between the environ-
mental parameters and bioload. In these field assess-
ments, areal extent is randomly defined in two dimen-
sions on the ground, though in future experiments we 
will move to a three-dimensional volume. One objec-
tive of the investigation is to optimize sample size and 
site boundaries to be adequately representative of the 
environment in question. In some sample sites, physi-
cal factors appear to be the major determinant of habi-
tability. In others, chemical factors dominate. In the 
future, this habitability assessment scale will enable 
one to predict which parameters are most essential for 
measurement in a given type of environment so that 
one can optimize resource utilization for habitability 
assessment on other planets. This optimization will be 
important for maximizing the return of Mars Science 
Laboratory (MSL), with its ten capable payload inves-
tigations [1]. During this and other in situ planetary 
missions, the available energy for each sol of opera-
tions is carefully budgeted; hence it is critical to under-
stand the temporal and spatial relationship require-
ments of key measurements for the assessment of habi-
tability.  

Approach:  We have begun standardizing the in-
vestigation in arctic desert sites of Svalbard. Previ-
ously, data were obtained from sandstone microbial 
habitat in an Antarctic desert, Battleship Promontory 
(McMurdo Dry Valleys), and compared with analo-
gous habitat in Svalbard [2]. Desert environments with 
relatively low bioload provide a good starting point 
because the chemical features of the environmental 
materials, e.g., rocks, soils, meteoric water, etc., can be 
more easily distinguished from the contributions of 
organisms without abundant bioload.  

Site Selection At various geographic locations, the 
number of distinct sites for assessment is determined 
by the overall heterogeneity of the environment with 
respect to observable morphology. For example, if 
following the boundary of an alluvial fan, there are at 
least two different gross features: the alluvium on the 
fan and the in-place rock above and beside it. At that 
coarse level, one can easily see a contact between the 
more habitable ground and the less habitable fan. 

  

Fig 1 The arrow marks the green contact between the habitable 
slope and the fan. Devonian red beds at Bockfjord, Svalbard. 

 At a scale explorable by humans or robots in the 
field in a day, a “site” is not quantitatively defined, and 
this definition requires tightening. This is a statistical 
problem, and there is insufficient data to determine if 
the number and size of distinct regions within a loca-
tion can be predicted with classical geochemical statis-
tical tools for assigning the number and size of class 
intervals (e.g., sites and their boundaries), such as 
lognormal transforms, etc. [3]. Once a workspace for 
measurement is defined, we turn away from the site 
and toss a marker over the shoulder to begin measure-
ment at a random spot. This serves as a random coor-
dinate generator to select the starting point for the 
measurements. 

Fig 2 The green trapezoid outlines study area perimeter. Ma-
genta arrow points north. 

Measurements of the candidate habitability pa-
rameters are recorded along with time of day, photos 
and weather data at each site. Samples are collected 
and meant to be representative of rocks, soils, life, etc. 
Those features that do not require immediate meas-
urement are subsequently measured in the lab. Such 
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measurements might include (but are not limited to) 
mineral content, elemental abundance, PCR, etc. 

Habitability Parameters:  The starting assump-
tion for this approach is that the initial data set of envi-
ronmental parameters must include physical, chemical 
and biological parameters. The physical parameters, a 
mix of intensive and extensive environmental proper-
ties, lay a foundation for the chemical potential of the 
environment, which, in turn, can enable or inhibit me-
tabolism. This affects not only diversity but abundance 
and viability of organisms as well.  

As our data sets grow and a greater variety of envi-
ronments are sampled, multivariate analyses will be 
employed to determine which parameters are not re-
quired. However, statistical analyses cannot tell us 
what untried measurements should be added.  

Physical Measurements presently include both 
quantitative features such as global positioning coordi-
nates, altitude, surface temp, air temp, humidity, solar 
radiation (wavelength and intensity UV-IR), sun angle 
relative to surface normal, surface slope, presence (di-
rection and magnitude) of local magnetic fields and 
qualitative measures such as geomorphologic descrip-
tion and relative proportion of rocks to soil, or cluster-
ing of rock size populations. Within these “squishy” 
characterizations there are some quantitative measures, 
such as strike and dip of an outcrop, but this is not al-
ways the case. Other physical measurements such as 
wind speed and direction are highly variable over short 
time scales. 

Chemical Measurements include identification and 
modal distribution of minerals, water content and 
phase, elemental abundances, stable isotopic ratios of 
carbon and oxygen, ammonium or other N-containing 
compounds, presence (and concentration) of trace 
gases in the air proximal to the ground surface, and 
inventory of organic molecules. As our data sets grow, 
trends of specific molecules will be measured, e.g., 
humics, biomolecules, etc. 
Biological Measurements include both in situ and labo-
ratory analysis of representative samples. In a qualita-
tive way, we estimate the presence and ratio of lichens, 
mosses and higher plants by modal percent. We swab 
surfaces and the shallow sub-surface at 10 cm depth 
and measure microbial abundance and diversity by 
PCR; viability by Limulus Aemebocyte Lysate (LAL) 
assay and ATP analysis.  

Results and Discussion:  There are some obvious 
correlations between environmental features and life in 
Earth environments—photosynthetic life and sunlight, 
for example. But there are some less obvious correla-
tions as well. For example, at the Sverefjell volcano 
site, DNA extractions revealed that there is a correla-
tion between granodiorite rock and archea and lichens, 

and there is an anti-correlation between these organ-
isms and basaltic xenoliths.  

Another example: At the Devonian red bed site 
from Fig 1, we have observed higher plants and 
mosses growing in considerably higher abundance 
under rocks where there is far lower light than in the 
more sparsely populated areas beside the same rocks. 
This is probably due to better thermal management and 
ability to trap water. In this case, surface temp of the 
area under the rock was several degrees warmer than 
the surrounding ground of the same material.  Also the 
protected surface was moister, which was assisted by 
the moss itself.  

Summary:  The study is in its infancy but we al-
ready know that the primary determinants for some 
environments are different than for others. We are fa-
miliar with the concept of nutrient limitation, but now 
we are also talking about habitat in terms of physics 
limitation. Assessment of habitability potential is a 
more difficult evaluation than assessment of habitation, 
and by measuring the correlation of environmental 
parameters to the presence of life, we can move to pre-
diction of potential in its absence. 
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