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TopicsTopics
● Lecture 1 – Introduction
● Lecture 2 – Habitability Factors
● Lecture 3 - Stars
● Lecture 4 – Planetary Atmospheres
● Lecture 5 – Planetary Interiors
● Lecture 6 – Planetary Energy Balance
● Lecture 7 – Habitable Zone I
● Lecture 8 – Habitable Zone II
● Lecture 9 – Earth as a Living Planet
● Lecture 10 – Mars
● Lecture 11 – Icy Moons
● Lecture 12 – Venus
● Lecture 13 – Mercury & the Moon
● Lecture 14 – The Role of Giant Planets
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● Lecture 17 – Milankovitch Cycles
● Lecture 18 – Geological Cycles
● Lecture 19 – The Next Steps
● Lecture 20 – Summary/Discussion



The Role of Giant PlanetsThe Role of Giant Planets

● Formation/Migration of giant planets

● Occurrence rates of giant planets

● Jupiter: Friend or foe?



The Nice ModelThe Nice Model

● Originally developed in 2005 and revised in 2009.

● A theory of the outer Solar System evolution can explain 
the clustering of lunar age dates near 3.9 Gya.

● In the Nice model, Saturn starts closer in, and its orbital 
period is less than twice that of Jupiter.



  

The “Grand Tack” model



The Nice Model and Grand Tack ModelThe Nice Model and Grand Tack Model

These models address the formation of terrestrial planets 
via two main considerations:

● The processes whereby giant planets redistribute 
material and angular momentum throughout the system.

● The truncation of the material within the inner 
protoplanetary disk, thus limiting the size of the 
terrestrial planets.



Occurrence rate of giant planetsOccurrence rate of giant planets

● Giant planet formation depends on host star properties 
and stellar environment.

● Giant planets drive major interactions and instabilities in 
a system.

● Observational biases are gradually being overcome.



  

Stellar Metallicity
Fischer & Valenti, 2005, ApJ, 622, 1102



  

Stellar Metallicity
Buchhave et al. 2012, Nature, 486, 375

Rp < 4 R⨁

Rp > 4 R⨁



  

Stellar Metallicity
Brewer et al. 2018, ApJ, 867, L3



  



  



  



  



Jupiter: Friend or Foe?Jupiter: Friend or Foe?

● Giant planets “stir up” the population of asteroids, 
KBOs, and Oort cloud objects.

● Some of these disturbed orbits result in the objects  
colliding with the giant planet or being ejected from the 
system.

● Other objects are placed on new orbits that send them 
towards the inner Solar System.

● Volatile deliver (mass fraction of water) may be highly 
dependent on the presence, or lack, of giant planets.

● Dynamical effects of giant planets may influence climate 
stability of terrestrial planets.
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