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2 parts to habitability

1)  suitable for the origin of life
planet or moon, surface or hydrothermal vent, chemical disequilibrium, 
redox reactions, auto-catalytic cycles, hydration/dehydration, UV photons, 
large impacts, lipids, amino acids, liquid solvent (H2O, CO2, CH4)

2) suitable to support life
continuous source of free energy, water, starlight, 

no giant impacts, no nearby supernova 



Stanley Miller  1953
Watson & Crick DNA 1953

amino acids
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water
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Are there specific places and times 
on Earth or in our Solar System, 
on planets orbiting other stars, 
in our galaxy or other galaxies 
or even in other universes 
where we are more likely to find life? 
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high escape velocity

low insolation

low escape velocity

high insolation

Zahnle & Catling 2017
Lineweaver et al 2019

Cosmic Shoreline
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Finding other Earths and potentially other life forms is a 
major, increasingly reasonable scientific goal. 

Our search for habitable planets and inhabited planets is 
now in high gear.  
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extraterrestrial environments 
known to exist

few decades ago today

terrestrial environments 
known to harbor life

habitable 
planets

terrestrial environments 
known to harbor life

extraterrestrial environments 
known to exist

hot/cold, acid/base, high/low salinity, dry/wet,  
water activity, radiation dosage, pressure, 

no photons, no oxygen etc, 

Lineweaver & Chopra 2012



Terrestrial Habitable Zones

Lineweaver & Chopra 2012



Terrestrial Habitable Zones
Life is not evenly distributed over the surface of the Earth
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Life is not evenly distributed radially



The biosphere of the Earth 
is a thin shell about 10 km thick
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The biosphere of the Earth 
is a thin shell about 10 km thick

Life is not evenly distributed radially

If the radius of the Earth were one meter
the thickness of the biosphere would be 1 mm.



biosphere



Vertical profile of life on Earth

Lineweaver & Chopra 2012



Vertical profile of life on Earth

heat desert below

Lineweaver & Chopra 2012



Vertical profile of life on Earth

density desert above

heat desert below

Lineweaver & Chopra 2012



Gaia

virus

 prion

 ecosystem

 gene

 unicellular
organism

 multicellular
organism

Are there size 
boundaries to life ?

too big ?
too small ?

Habitable for whom?
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Dissipative Systems



Diener 1989, 2016

viroids are plausible 
“living fossils” of the 

hypothetical RNA World 

PSTV: Potato Spindle Tuber Viroid

Theodor
 Diener

coliphage T7 DNA
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runaway
greenhouse
too hot
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silicate weathering
negative feedback

37 degrees C
Gaian regulationwidth of HZ = f(strength of negative feedback)

HZ

runaway
greenhouse
too hot

runaway
glaciation
too cold

cars don't stay on the road without a driver
planets don't remain habitable without life
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Jones and Lineweaver 2011
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What is life?

Victor Juhasz

It's hard (maybe even impossible) to talk about 
habitability unless we know what life is



EXOPLANETS
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it possible for life to emerge and survive for 4 billion years?



What does 
"earth-like"

 mean?

What are the relevant features of our Earth that made 
it possible for life to emerge and survive for 4 billion years?

                       wet and rocky
0.5 <  M  < 2 MEarth             gravity, atmosphere

0.5 <   I    < 2  IEarth               temperature, atmosphere

large Moon                      tidal cycling   hydration/dehydration

30% continents                fresh water,  3 phases: solid/liquid/gas

30% cloud cover              albedo control, temperature

high mass star (UV)        emergence of life

0.5 < age < 2 ageEarth             time to evolve



2004



The Galactic Habitable Zone



75%

4 factors:  stars, metallicity, SNe safe, time

Lineweaver et al 2004
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age distribution of Earths
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Our Earth is ~ 2 billion years younger than other Earths
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age distribution of Earths

13.8

Our Earth is ~ 2 billion years younger than other Earths
If life has emerged on other Earths, it has had ~ 2 billion years longer to evolve ! 

Lineweaver 2000

stars

Earths



Evolution of life on Earth



~2 billion years ago 
we were amoeba-like

Evolution of life on Earth



Lineweaver, Icarus, 2001

`If life is common in the universe – as suggested by the rapid appearance of life on Earth--then 
this age distribution gives us an idea of how we compare to other life that may exist in the 

universe.’     Lineweaver and Davis Astrobiology 2002

The age distribution of
terrestrial planets in

 the universe.

There has been plenty of time for 
life to have evolved elsewhere.  

Tmean = 1.8 +/- 0.9 Gyr older than 
Earth.
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There has been plenty of time for 
life to have evolved elsewhere.  
Tmean = 1.8 +/- 0.9 Gyr older than 
Earth.

`If life is common in the universe – as suggested by the rapid appearance of life on 
Earth--then this age distribution gives us an idea of how we compare to other life that 

may exist in the universe.’     Lineweaver and Davis Astrobiology 2002

The age distribution of
terrestrial planets in

 the universe.



Press



Milan Cirkovic
(Serbian Astronomer)

Island Universes



number of spatial
dimensions

D=3
nuclear efficiency

𝜀  = 0.007
N = 1036

number of protons needed to have their gravity
as strong as  the nuclear force
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