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TESS planets in the Earth-sized regime
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Looking for signs of life
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Which ones do we 
follow up on?



Contact (1997)



New era, new approach
• Observational data AND computer models 

Koshland Science Museum

+NASA
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A Liquid (H2O)
Bioessential Elements  (SPONCH) 
Energy (Stellar or chemical)

Life’s Requirements
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The Habitable Zone

Runaway greenhouse

Maximum CO2 greenhouse
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Snowball Earth

Many factors can affect planetary habitability
Aomawa Shields Exoplanet Climatology

(Kasting et al. 1993, Kopparapu et al. 2013)



Models
§ 1-D line-by-line radiative transfer 

models
§ 1-D in height
§ Atmospheric gas absorption

§ Radiative convective climate models

§ Energy Balance Models (EBMs)
§ 0-D or 1-D (in latitude) usually

§ 3-D General Circulation Models 
(GCMs)
§ Sophisticated treatment of 

atmospheric circulation, ocean-
atmosphere processes



PREDICTING FUTURE  CLIMATE ON EARTH 

IPCC, 2018: Summary for Policymakers 

(Smagorinsky et al. 1965, Manabe et al. 1965, Holloway & Manabe 1971, Manabe & Wetherald 1975)



EFFECT OF SOLAR VARIATIONS ON TEMPERATURE 
AND ICE EXTENT

BUDYKO 1969

SELLERS 1969
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Exploring thaw criteria for 
Snowball Earth

Abbot and Pierrehumbert 2010
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Abbot et al. 2011
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Waterbelt Snowball Earth as refuge for photosynthetic life





Forget and Pierrehumbert 1997

Credit: ESA
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Warming Early Mars
Forget and Pierrehumbert 1997, Colaprete & Toon 2003, 

Forget et al. 2013, Kitzmann 2016, Wordsworth et al. 2017



Constraining zonal wind patterns on Venus
(e.g., Lebonnois et al. 2010)

Credit: NASA Credit: NASA
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Credit: Spitzer 
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Credit: NASA, 
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Team
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The picture can't be displayed.
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Image credit: ESO/L. Calçada

M-dwarf planets
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The Habitable Zone
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Synchronous rotation and surface pressure
(Joshi, Haberle, and Reynolds 1997)

Host 
star
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Credit: Jun Yang

Day side Night sideNight side
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Synchronous rotation can be a benefit 
for climate and habitability (Yang et al. 2013)



Starlight



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



Ice-albedo Feedback



Courtesy of NASA
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Ice absorbs where M-dwarfs emit strongly





M dwarf planet
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Shields et al. (2014)

Climate Stability
No ice!

Snowball!
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Warm start



Albedo Surface Temperature
Shields et al. (2013)

G-dwarf planet 
(100%)

M-dwarf planet 
(90%)
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http://sparce.evac.ou.edu/q_and_a/air_circulation.htm, SPaRCE

Transports heat from equator to higher latitudes
Aomawa Shields Exoplanet Climatology



Shields et al. (2014)
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M dwarf planet
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Climate Stability
No ice!

Snowball!

Better for life?

Shorter jump in ice line Higher jump in ice line

Shields et al. (2014)
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Wolf, Shields+ (2017)

Identifying Multiple Possible Climate Regimes
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Sodium chloride dihydrate (“hydrohalite”)  
NaCl ·2H2O

M-dwarf planets

Image credit: ESO/L. Calçada
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Hydrohalite precipitation in sea ice
T < -23∘ C

Carns et al. 2015



Hydrohalite is highly reflective in the IR
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Hydrohalite parameterization matters in the HZ, 
and climate sensitivity increases as instellation is lowered 

Shields and Carns
2018



Shields and Carns
2018

Stronger climate sensitivity to hydrohalite parameterization on 
synchronously-rotating M-dwarf planets

Aomawa Shields





Rushby et al. in prep

Andrew Rushby-Planets with higher land fractions are cooler
-Lower albedo of ice vs. land on M-dwarf planets makes 
them warmer than other planets with similar land 
fraction

Rushby, Shields, and Joshi, in review
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Igor Palubski

Temporal habitability and water loss 
on eccentric planets

Exoplanet Climatology



Igor Palubski

M-dwarf planets G-dwarf planets

Palubski, Shields, and Deitrick, in prepPlanets orbiting cooler stars are thawed for 
larger fractions of the year

` Exoplanet Climatology



Targeted planet studies
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“Eyeball Earth” 
scenario 
for Gliese 581 g

Pierrehumbert 2011



Habitable 
climates on 
Proxima 
Centauri b

Turbet et al. 2016



Multiple-planet systems
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Image credit: NASA Ames/JPL-Caltech

?
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Image credit: NASA Ames/JPL-Caltech

Kepler-62f
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Needs CO2



Stable eccentricities 

Shields et al. (2016a)

e_fmax = 0.32

Stable ecc for 
Kepler-62f
0.00 ≤ e ≤ 0.32

stable

unstable
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Shields et al. 
2016a
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Surface Temperature
Obliquity = 60° Obliquity = 23°

Shields et al. (2016a)
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Linking theory to observations

Credit: Eric T. Wolf



ApJS, in press



Take away point
Combining observations AND theory  

= 
How we will most accurately assess planetary 

habitability

Aomawa Shields Exoplanet Climatology
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