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Introduction. While we develop the observation 

tools that will, someday, characterize planets possibly 
suitable for life, the concepts of habitability and habit-
able zone remain challenged. We will review the con-
cept of habitable zone, why it is useful, and how we 
can agree to define it and characterize it. 

Habitable = liquid water available. It is not easy 
to define life and to specify what is needed for its 
emergence and evolution. We usually postulate that 
"habitable=liquid water available" because liquid water 
seems required for life as we know it, as we can imag-
ine it, and above all, as we think we can recognize it.  

Different classes of habitability. Worlds with liq-
uid water can be seen as more or less habitable, de-
pending on 1) the available molecules and energy 
sources (notably light), 2) the time available for life to 
emerge and evolve. The exploration  of the solar sys-
tem combined with theoretical studies have revealed 
that the ice-rich worlds formed beyond the "snow line" 
should, in a majority of cases, harbor subsurface 
oceans within their icy mantles. As suggested  by 
Lammer et al. (AAR, 2009) and Forget (IJB, 2013), 4 clas-
ses of habitability can be defined, ranging, from worlds 
with liquid water enclosed between thick ice layers in the 
deep interior, to Earth-like cases with liquid water on 
the surface, enabling possible photosynthesis.  

Looking for life on exoplanets using the concept 
of "habitable zone". The consensus is now to define 
the "Habitable zone" as the range of orbits on which a 
planet can sustain liquid water on its surface. That does 
not mean that worlds in the habitable zone are habita-
ble (the Moon is not), and that planet outside the Hab-
itable zone are not (they can have subsurface liquid 
water). Originally the habitable zone was naturally 
defined to represent the conditions that Earth enjoy, at 
a time when the concept of subsurface oceans was not 
obvious. Nowadays, focusing on planets with surface 
liquid water is justified by the idea that astronomers are 
looking for worlds where photosynthetic life could 
have affected the environment enough to be detectable 
remotely. In other words the Habitable zone ("HZ") 
could be nicknamed the "Hunting Zone" because its 
primary objective is to help astronomers prepare future 
observations. This has interesting consequences. 

Only one habitable zone per star? Within that 
context, we could agree to define the "Habitable zone" 
as the region outside which it is impossible for a rocky 
planet to maintain liquid water on its surface. One 
should refrain to use the concept for a specific body 
(i.e. stating that the Moon is not in the habitable zone 

because it has no atmosphere). Nevertheless, around a 
given star, we may use different criterions to define the 
edges of the habitable zone for different categories of 
planets (e.g. for CO2-H2O atmosphere, for H2 atmos-
phere, for tidally-locked planet, etc.). Interestingly, we 
can show that the inner edge of the HZ is not very sen-
sitive to the composition of the atmosphere (but to 
planetary rotation and cloud modeling), while the outer 
edge does not very strongly vary with the assumed 
cocktail of greenhouse gases (the uncertainties related 
to cloud are almost higher) except for the particular 
cases of Hydrogen -rich atmospheres. 

The reference work of Kasting et al. (1993) rightly 
put forward the concept of planetary thermostat (e.g. 
due to the carbonate-silicate cycle) in the theory of 
surface habitability, showing that it would be necessary 
for the Earth to remain habitable if it was moved away 
from the Sun. This is crucial, but it should not be in-
volved in the definition of the habitable zone. If the 
Earth had kept its atmosphere of ~3 to 4 Ga (with suf-
ficient greenhouse gases to compensate the faint young 
Sun), it would have remained habitable throughout its 
history. Any planet with a thick greenhouse atmosphere 
(e.g. with a few bars of CO2) would maintain surface 
conditions suitable for liquid water over a wide range 
of orbits throughout the habitable zone. Based on what 
we know about other stellar systems and their diversity, 
it is likely that many terrestrial planets orbiting in the 
habitable zone of their star may be volatile-rich. The 
concept of habitable zone must be generalized to vola-
tile-rich planet and ocean planets.  

Characterizing the habitable zone with realistic 
3D climate models. Around a given star, and assuming 
a specific type of atmosphere and volatile/water inven-
tory, the possible climates can now be explored using 
3D global climate models analogous to the ones de-
signed to simulate the Earth as well as the other terres-
trial atmospheres in the solar system. Our experience 
with Earth, Mars, Titan and Venus suggests that realis-
tic climate simulators can be used, allowing to simulate 
clouds, 3D transport, cold traps, and ultimately all the 
key processes controlling planetary climates. Within 
that context, the key questions are: what atmospheres 
can we expect? Which processes control their evolu-
tion? Our solar system experience is too limited. Ob-
servations are needed. Much can be learned by charac-
terizing atmospheres, even outside the habitable zones. 

References: So many good recent and not so recent 
studies should be listed in this 1 page abstract! They 
will be reviewed and detailed at the conference. 
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