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The Sun’s luminosity



CaCO3 + SiO2 ! CO2 +CaSiO3

CO2 +CaSiO3 ! CaCO3 + SiO2

weathering

W (T )

CaCO3

CO2

The geological C cycle stabilizes the surface temperature

CO2
ice



Effect of Ocean massEffect of Ocean mass

High pressure ice



Effect of Ocean massNecessary condition for habitable planet

1- the surface temperature and pressure are ‘nice’

2- there is a CO2 cycle

the pressure at the bottom of the (global) ocean cannot 
be too high



Effect of Ocean massA maximum radius for habitable planets

Large radius implies

large water fraction

large gas fraction

no CO2 cycle

surface T,P outside of the ‘nice’ zone

large-R planets are NOT habitable

small-R planets: we don’t know



Effect of Ocean massSimplified planetary structure

Sotin et al.  2007
5 layers

Adiabatic T profile

hydrostatic 	


equilibrium mass conservation energy transport



Effect of Ocean massTest of the model: the Earth



Effect of Ocean massThe gaseous part

convective-isothermal model

convective-radiative model

� = V/th

includes greenhouse effect

log P Tskin

adiabat

Tsurf log T

isoT

perfect gas with different composition

Tskin = Tsurf/2
1/4

Guillot 2010



Effect of Ocean massTransit radius

opacity in the visible

transit radius for    

⌧ch = 2/3

Guillot 2010
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Effect of Ocean massOcean mass and water fraction



Effect of Ocean massUsing different gas models

convective-isothermal

radiative-convective

with irradiation

convective-isothermal

radiative-convective

with irradiation

H2

H/He

CO2

convective-isothermal



Effect of Ocean mass

Thank you!


