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● Lecture 1: The Fundamentals of Planetary Habitability

● Lecture 2: Habitability Lessons Learned from our Sister Planet

● Lecture 3: Stars and the Planetary Energy Balance

● Lecture 4: The Habitable Zone and Orbital Dynamics
●
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● Available from IOP Publishing here:

● I have also made it available here: 

● Also recommend “Planetary Sciences, Updated 
Second Edition” by Imke de Pater & Jack Lissauer, 
“Principles of Planetary Climate" by Raymond 
Pierrehumbert, and "Atmospheric Evolution on 
Inhabited and Lifeless Worlds" by David Catling & 
James Kasting.



The Stages of my Planetary ResearchThe Stages of my Planetary Research

1. Discovering planets orbiting other stars

2. Studying planetary orbits and atmospheres

3. Habitable Zones and planetary habitability







Transiting ExoplanetTransiting Exoplanet
Survey Satellite (TESS)Survey Satellite (TESS)

TESS is observing bright stars over the 
whole sky, enabling detailed follow-up.



The occurrence rate of planets increases to smaller sizes.









What is planetary 
habitability?
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● Planetary habitability is fundamentally an assessment of the energy balance at the 
planetary surface.

● What makes a planet habitable? Which factors dominate?

● What measurements do we need to make?

● What can we do with these measurements?

● How can we apply these principles to planets inside and outside of our solar system?

● Anthropic bias and the “anthropic principle”.
●



  



  

Reasons why water is important for life:

1) Water (hydrogen and oxygen) are extremely common.

2) Water is a neutral solvent in which biochemical reactions can take place.

3) Water can be in a liquid state at reasonably high temperatures, enabling 
faster reaction rates.



  

Reasons why water is important for life:

1) Water (hydrogen and oxygen) are extremely common.

2) Water is a neutral solvent in which biochemical reactions can take place.

3) Water can be in a liquid state at reasonably high temperatures, enabling 
faster reaction rates.

Planetary habitability: The ability of a planet to Planetary habitability: The ability of a planet to 
retain surface liquid water.retain surface liquid water.

This creates a framework from which to quantify the energy budget of a 
planet. Importantly, this is applicable to large distances for planets that we 
will (almost certainly) never visit!



  



  



  







C A R B O N  D I O X I D E

SUGGESTS POSSIBLE

 VOLCANIC ACTIVITY

M E T H A N E

INDICATES PRESENCE OF

ANAEROBIC BACTERIA

W A T E R  V A P O R

SUGGESTS HABITABILITY

“ V E G E T A T I O N  J U M P ”

INDICATES PRESENCE OF

LAND PLANTS
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WERE PRODUCED BY 

LIVING ORGANISMS

W A V E L E N G T H

B
R

I
G

H
T

N
E

S
S





Greene et al. 2023, Nature, 618, 39

“The most straightforward interpretation 
is that there is little or no planetary 
atmosphere redistributing radiation from 
the host star and also no detectable 
atmospheric absorption from carbon 
dioxide (CO2) or other species.”



Zieba et al. 2023, Nature, 620, 746



  



  





1 Earth radius = 6371 kms
1 Earth diameter = 12742 kms
Neptune radius = 3.9 Earth radii





The Case of GJ 1214 bThe Case of GJ 1214 b

Radius = 2.74 Earth radii
Mass = 8.17 Earth masses
Density = 1.9 grams/cm3



Rogers & Seager. 2010, ApJ, 716, 1208 

The Case of GJ 1214 bThe Case of GJ 1214 b





Phaeton 



  

The role of giant planets

Is our solar system unusual?

Less than 10% of stars have Jupiter/Saturn analogs.



  

The Moon and Habitability



  



Europa Enceladus



The center is the metallic core. The top shows the thin wafer like a layer of water ice and beneath that, 
up to a thickness of about 150 km, there could be liquid water. The radius of Europa is about 3000 km.

Europa: The Water World?Europa: The Water World?







An Incomplete List of Habitability QuestionsAn Incomplete List of Habitability Questions

● How is water delivered?
● When did Mars have surface water?
● When did Venus have surface water?
● Did Venus and Earth have near identical starting conditions?
● How small can a planet be and remain habitable?
● Are plate tectonics crucial for long-term temperate conditions?
● Why don’t we have a super-Earth?
● What does the atmospheric profile of a super-Earth look like?
● Does having a giant planet in the system matter?
● Can life survive on planets with highly elliptical orbits?
● How do terrestrial atmospheres respond to changing energy?
● Are planets orbiting more than one star habitable?
● How does atmospheric erosion depend on magnetic field?
● Does a substantial moon create a more habitable world?
● Can life survive in a sub-surface ocean (c.f. Europa)?
● How well do we need to understand the star?
● What observations/measurements do we need to make to
test ideas about planetary habitability?
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