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Introduction: A practical definition of habitable 
zones is necessary to understand and identify regions 
with potential for life in our Solar System or 
extrasolar planets. Stellar Habitable Zones (SHZ) 
models are mainly defined on the stability of liquid 
water in planetary surfaces as a function of stellar 
distances [1]. In a wider scale, Galactic Habitable 
Zones (GHZ) are based on the galactic regions with 
stable requirements of life [2]. In a more local scale, 
Planetary Habitable Zones (PHZ) are defined by the 
stability of the physical requirements of life in 
planetary bodies [3]. In general, planetary habitability 
refers to the suitability of planetary bodies for life. It 
is a concept difficult to define or measure because 
there is no quantitative system to measure the 
biological concept of habitability. With the 
continuous discovering of extrasolar planets it will be 
necessary to have a scale to evaluate their biological 
potential as compared to Earth. However, there is no 
planetary classification system based on life 
potential. Therefore, this work proposes a novel 
quantitative definition of habitability that is 
appropriate to evaluate the potential of life of 
planetary bodies from local to global scales. The 
definition is based in the growth rate of primary 
producers (i.e. bacteria) as a function of the 
environment physical state. The habitability can be 
use to define PHZ from local to global scales. This 
work focuses in global scales by using the mean 
surface temperature of a planetary body to evaluate 
its general habitability. The habitability was used to 
propose a preliminary Planetary Habitability 
Classification (PHC). 

 
Habitability Definition: The suitability for life of 

any environment depends on complex environmental 
chemical and physical interactions. As a first 
approximation, environments with high life growth 
rates are considered more habitable than others. 
Therefore, the habitability of an environment can be 
quantified based on life growth rate. The habitability 
of an environment for a particular individual or 
community is defined here as the ratio between its 
specific growth rate, k, and its optimum growth rate, 
kopt (usually measured in vitro). The habitability scale 
extends from zero to one, where zero (H = 0) means 
no growth and one (H = 1) means maximum growth 
rate. In general, the habitability can be constructed 
from an equation of the form 

 

! 

H p1, p2,...( ) =
k p1, p2,...( )
kopt p1, p2,...( )

 

 
where pi are chemical or physical parameters that 
affects the growth rate of an individual or 
community. The habitability can be computed from 
local to global scales for an individual or complex 
communities. 

Prokaryotes (bacteria and archaea) are widely 
distributed and are the energy providers for more 
complex species. Therefore, in this work the 
habitability was computed for the global distribution 
of prokaryotes from their mean growth temperatures. 
It was computed from the empirically determined 
equation 
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where Tmin, Topt, and Tmax, are the minimum, optimum 
and maximum growth temperatures respectively of 
most prokaryotes. The shape exponent, s, is an 
empirically determined parameter that depends on the 
type of individual or community (s = 3/2 was an 
appropriate number). 

The parameters of the habitability equation where 
determined from the physics of water and the 
requirements of life. Prokaryotes need growth 
temperatures above 235 K (-38°C) in supercooled 
water although most need temperatures over the 
freezing point of water, 273 K (0°C). The optimum 
growth temperature of most prokaryotes is 310 K 
(37°C) and the upper growth temperature is closer to 
393 K (120°C). Higher pressures allow higher growth 
temperatures, but for simplicity, only the habitability 
at standard pressure (mean sea-level atmospheric 
pressure) was considered [3].  

The habitability as function of temperature can be 
used to evaluate the potential life-state of a planet as 
compared to Earth (see figure). The mean surface 
temperature of our planet is 288 K (15°C) so its 
corresponding habitability is close to 0.85. The 
surface habitability of the remaining planets in our 
solar system is zero. Only Mars with a mean surface 
temperature of about 215 K (-58°C) gets closer to a 
nonzero habitability [4]. The habitability of a 
terrestrial-size extrasolar planet may be computed 
from its orbital position or from estimated surface 
temperature measurements. 
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Figure: Global habitability of a planetary body based 
on its mean surface temperature. A planet with a 
mean surface temperature closer to 310 K provides a 
better physical state for life. 
 

Planetary Habitability Classification (PHC): 
The proposed habitability model was used to define a 
simple habitability classification scheme for 
planetary bodies. The use of the mean surface 
temperature as a basis for the calculation of 
habitability is a required over simplification. In fact, 
the spatial and temporal variations in temperatures on 
a planetary body provides variable habitabilities at 
local and regional scales. However, the mean surface 
temperature will be a much easier to estimate value 
of any extrasolar planet that will give a general idea 
of the potential habitability as compared to life on 
Earth. 

The classification consists of a letters from A to F 
from higher to lower habitability (see table). Earth 
fits a Class A planet. With a mean surface 
habitability of 0.85 it does not provide the optimum 
condition for the largest biomass in our planet: 
prokaryotes. Past environments made the Earth a 
planet with habitability closer to one where the 
biological productivity was higher and thus 

contributing to a higher evolution rate (i.e. Cambrian 
Explosion). Global warming will increase biological 
productivity, at least for primary producers, but more 
complex life will have to adapt to a super tropical 
planet.  
 
Table: The Planetary Habitability Classification 
(PHC). Earth is a Class A planet with mean surface 
habitability close to 0.85, where the rest of the Solar 
System bodies falls in the Class F (globally 
uninhabitable). 
 

Class Habitability 
A > 0.8 
B > 0.6 
C > 0.4 
D > 0.2 
E > 0.0 
F = 0.0 

 
Conclusion: The suggested Planetary Habitability 

Classification (PHC) system provides a simple 
mechanism to compare the potential habitability of 
terrestrial-size extrasolar planets with Earth and 
themselves. Further measurements of the atmospheric 
chemistry and physics of a planet will provide better 
estimates of its habitability. Only our planet has a 
nonzero mean surface habitability (Class A) in our 
Solar System, at least in a global scale. A planet may 
evolve through different classifications in its life and 
may have temporal habitable oasis. However, only 
the time-stable evolution closer to a Class A planet 
will provide the necessary conditions for rapid 
evolution of life at a global scale as in Earth. 

 
References: [1] Kasting, J. F. (1993) Icarus, 101. 

[2] González, G. (2001) Icarus, 152. [3] Méndez, A. 
(2000) in Astrobiolgy: Origins from the Big-Bang to 
Civilisation, Kluwer Academic Publishers. [4] 
Méndez, A. (2002) LPSC 33. 

 

Lunar and Planetary Science XXXVII (2006) 2396.pdf


