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PREDICTING FUTURE  CLIMATE ON EARTH 
IPCC, 2018: Summary for Policymakers 
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Trenberth diagram

Credit: Kevin Trenberth, 
John Fasullo and Jeff Kiehl



Starlight



Credit: Based on Wolf, Shields et al. 2017a



Ice-albedo Feedback
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Surface Albedo Ice Fraction
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Difference in Specific Humidity
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Take –away points
• Host star SED heavily influences the energy budget of an 

orbiting planet. 
• An M-dwarf planet requires less instellation than a G-dwarf 

planet to exhibit similar climate, while an F-dwarf planet 
requires more 

• Water ice, atmospheric gases causes this difference
• Synchronously rotating M-dwarf planets have lower min/max 

dayside surface temperatures compared to global mean on 
rapidly rotating M-dwarf planets
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Rising Stargirls



Land planets orbiting M-dwarf stars
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Conservation of momentum

Mass continuity

Conservation of energy
(1st law of thermo)

Equation of state for the atmosphere



Based on Rushby, Shields, and Joshi, The Astrophysical Journal, in press
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Temporal habitability and water loss 
on eccentric planets

Recipe for a Habitable World



Palubski, Shields, and Deitrick, 
The Astrophysical Journal, in review

Planets orbiting cooler stars are thawed for 
larger fractions of the year

` Recipe for a Habitable World
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