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Discussions of habitability often involve 

specifications of conditions within a range of 
parameters, such as a temperature range suitable for 
liquid water [1, 2] the presence of organics, water and 
suitable fluxes of energy, and the absence of threatening 
environmental factors such as excess ionizing radiation, 
toxic substances or extreme temperature range. This 
framing, focusing on conditions and materials necessary 
to support organisms in a localized environment, allows 
for the presence of inhabited microenvironments on a 
planet which is otherwise largely devoid of the 
requirements for, or presence of, life. A commonly 
discussed example is the possible subsurface liquid 
water oases on Mars.  

 
An alternative view of the definition, needs and 

possible signatures of life comes from the area of Living 
Systems Theory. Several attempts have been made to 
define life in ways that are less focused on the properties 
and needs of individual organisms and more concerned 
with life as inherently a property of larger systems 
consisting of multiple organisms along with aspects of 
their environments. These include the idea of 
“nonfractionability” which defines the properties of life 
as necessarily containing multiple discrete components 
which exist in a nested hierarchy of functional 
organization [3,4].  Also, in this category is the more 
specific notion that life is a fundamentally a property of 
ecosystems rather than individuals [5,6]. Finally, 
several scholars have extended the idea of living 
systems to a planetary scale, arguing that life may be 
inherently a global scale phenomenon. The 
contemporary articulation of global scale living systems 
theory is closely associated with the “Gaia Hypothesis” 
[7] which suggests that the entire Earth, or at least the 
outer layer, is in some sense “alive”, if not itself an 
actual living organism, being possessed with a quality 
of life which can only be understood when considered 
on this global scale. In the Gaian view, life is a 
globalized system which depends for its robustness and 
longevity on its deep integration into planetary 
functioning, and without the global fluxes of energy and 
elements that characterize life on Earth, any pocket of 
life would be at best transient. If this view is correct, it 
could imply that life cannot exist in isolated locales on 
an otherwise “dead” planet.  A planet cannot be a “little 
bit alive” for billions of years, any more than an animal 
can be “barely alive” for very long, once the metabolism 
that maintains internal homeostasis has failed. 

 

Smith and Morowitz [8] have proposed that the 
origin of life be modeled as a series of planetary phase 
transitions in which complexity increased in a stepwise 
fashion. They suggest that the origin of life preceded the 
origin of cells, and - of interest to the topic at hand - they 
state that “The origin of life was a planetary process, in 
which a departure from non-living states led to a new 
kind of order for matter and energy on this planet.” 
Thus, in considering the origin of life from a viewpoint 
that incorporates insights from nonequilibrium physics, 
geochemistry and ecology, they are led to a perspective 
in which life from its very beginnings on Earth was 
inherently a planetary-scale phenomenon. 

 
Strictly speaking, Gaia is an idea about life on Earth, 

but it is also a statement about the nature of life and how 
it interacts with a planet. An astrobiological 
generalization of Gaia beyond Earth, in which it is 
proposed that the likelihood of finding life anywhere 
may be more dependent on planetary properties than 
localized conditions, has been called the “Living 
Worlds Hypothesis” [9,10]. This viewpoint focuses 
attention on global properties, such as rate of exchange 
of matter and energy between interior and surface, 
surface energy gradients, available sources of free 
energy, magnitude of energy gradients, or atmospheric 
disequilibrium properties, that may be required for life 
to persist for geological timescales.  

  
One potential value of this outlook on planetary life 

is that it gives an alternative set of criteria for examining 
potential habitability of planets. If we think beyond the 
specifics of a particular chemical system required to 
build complexity and heredity, we can ask what general 
properties an inhabited planet must possess. While 
traditional habitability studies focus on finding planets 
with environmental conditions which overlap those of 
Earth, a Living Worlds view focuses more on 
continuous vigorous geological activity persisting over 
billions of years, an atmosphere with signs of flagrant 
chemical disequilibrium and active, internally driven 
cycling of volatile elements between the surface, 
atmosphere and interior, as being key to habitability. 

Seen through this lens, the case for a possible 
habitable cloud environment on Venus depends not only 
on the potentially stable, benign and fertile conditions in 
the clouds today, which may be explored through 
characterizing particle compositions and lifetimes and 
the radiative fluxes, stability and  composition of the 
cloud level atmosphere [10]), but also on the history and 
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level of volcanic and tectonic activity, the history of 
cloud deck structure and composition, the equilibrium 
state of the surface and lower atmosphere and the nature 
and vigor of volatile element cycling between the 
interior, surface, atmosphere and clouds.  

 
I will discuss how the observations made by the 

upcoming missions DAVINCI, VERITAS and 
EnVision (and others) may contribute to the assessment 
of Venus as a potentially living world. 
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