
CLIMATE AND HABITABILITY ON TERRESTRIAL PLANETS.  David H. Grinspoon1, 1Department of 
Space Sciences, Denver Museum of Nature & Science, 2001 Colorado Blvd. Denver, CO 80205. 

 
 

What kinds of planets can support life? A widely 
held belief is that to support life, a planet should have 
stable bodies of liquid surface water.  This assumption 
has in turn led to the conventional notion of a habitable 
zone (HZ) as a range of distances from a star where 
water can exist on the surface of a solid planet for bio-
logically relevant timescales.   

As our understanding of terrestrial planet evolution 
has increased, the importance of water abundance as a 
substance controlling many evolutionary factors has 
become increasingly clear.  This is true of biological 
evolution, as the presence of liquid water is widely 
regarded as the key to the possibility of finding “life as 
we know it” on other worlds.   It is also true of geolog-
ical and climatic evolution.  Water is among the most 
important climatically active atmospheric gasses on the 
terrestrial planets.  It is also a controlling variable for 
tectonic style and geologic processes, as well as a me-
diator of surface-atmosphere chemical reactions.   

Of the three local terrestrial planets, two have lost 
their oceans either to a subsurface cryosphere or to 
space, and one has had liquid oceans for most of its 
history.  It is likely that planetary desiccation in one 
form or another is common among extrasolar terrestrial 
planets near the edges of their habitable zones.   Thus, 
understanding the sources and sinks for surface water 
and characterizing the longevity of oceans and the 
magnitude of loss mechanisms on terrestrial planets of 
differing size, composition and proximity to stars of 
various stellar types, as well as the range of physical 
parameters which facilitates plate tectonics, is key to 
defining stellar habitable zones. 

The global biosphere of Earth has greatly altered 
many physical properties of the planet, and it is unclear 
to what extent the long-term habitability of Earth is the 
result of its inhabitation.  Only comparative planetolo-
gy, eventually including comparison with other inhab-
ited planets, will answer this question. 

If extrasolar planet discovery thus far is any guide, 
then the variety of terrestrial planets is likely to be 
large and surprising.  Making sense of this diversity 
with such a small baseline of  local terrestrial planets 
seems like a daunting task.  However, in the first bil-
lion years of solar system evolution, Venus, Mars and 
Earth were all very different from their current states.  
These differences would be observable at interstellar 
distances.  To the extent that we can understand the 
likely past and future states of local terrestrial planets, 
we can expand our knowledge base to more than the 

three examples provided by the current states of these 
planets.  

Extrasolar terrestrial planets can be expected to sam-
ple a complete suite of evolutionary states representing 
early, mature and late phases of planetary history.  This 
increases the importance of comparative studies of the 
current states and evolutionary histories of Venus, 
Earth and Mars.  To make sense of the expected har-
vest of extrasolar terrestrial planet data over the com-
ing decades it is vital that we have “ground truth” in 
the form of terrestrial planet studies that combine re-
mote sensing with in situ exploration in our own solar 
system.   

When we have built up a sizeable database of ob-
servable characteristics of extrasolar planets around 
stars of different ages, patterns will emerge which will 
help us to constrain our models of planetary evolution.  
Eventually we discern common evolutionary pathways 
for terrestrial planets, and understand the habitability 
of our own planet in a cosmic context. 
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