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Possible HZ Worlds 
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Even if orbital parameters 
are precisely known… 
Which they probably won’t 
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Time-Averaged Colors 
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ΔA ≈ 0.1 (due to clouds) 

Need to know planetary radius 
to put albedo on absolute scale 
⇒ Requires 2nd large mission  
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Snowball vs Temperate Earth 

1.  Time-Averaged Colors are Different 
2.  Color Variability Spectra are Different 
3.  Bolometric (Bond) Albedos are Different 

If Rp is known, can 
place albedo on  
absolute scale  
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Toy Model of Snowball Earth EPOXI Observations of Earth 
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Possible HZ Worlds 

AB, A(λ,t)  A(λ) 

Snowball 
Earth 

Polar Earth 

Equatorial 
Earth 

Can also make longitudinal  
maps as function of orbital phase 
to directly constrain obliquity  
(Cowan et al. 2009  
+ Kawahara & Fujii 2010) 
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Day-Side 
(Superior Conjunction) 

Night-Side 
(Inferior Conjunction) 

Periastron 

Apastron 

Winter Solstice 

Summer Solstice 

Diurnal Cycle 
(Edge-On Orbits Best) 

Eccentricity Seasons 
(Any Viewing Geometry) 

Obliquity Seasons 
(Pole-On Rotation Best) 

Gaidos & Williams (2004) 
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1) Eccentricity and Obliquity Affect Climate 
2) Climate Affects Response to Eccentricity,  
    Obliquity and Diurnal Forcing 

Use State-of-the-Art GCMs to compare 
thermal phase variations from: 
- Temperate Planet (Large Thermal Inertia) 
- Snowball Planet (Small Thermal Inertia) 

Work in Progress with Dorian Abbot & Aiko Voigt 
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Continent More Reflective 
Than Ocean   

Neo-Proterozoic Continental Configuration 

continent 

ocean 
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Continent Less Reflective 
Than Ocean   

Less Cloudy than Temperate Climate 

continent 

ice 
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Snowball Climate has Higher Albedo  
& Lower Emitting Temperature (!) 

Liquid Water Moderates  
Eccentricity Effects 

Planet-Averaged Quantities 
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Edge-On Orbit: Diurnal Effects 
•  Max flux occurs before superior conjunction 
  (seeing afternoon solar times) 

Pole-On Obliquity: Seasonal Effects 
•  Max flux occurs after summer solstice 

Snowball Climate Exhibits 
3x larger seasonal variations 
in effective temperature 

Snowball Climate Exhibits 
Comparable diurnal variations 
in effective temperature 

Disk-Averaged Quantities 
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Thermal Light Conclusions 
•  Obliquity, Diurnal Heating and Eccentricity 

Affect Orbital Thermal Lightcurves 
–  Obliquity Effects most pronounced for pole-on 

viewing geometries 
–  Diurnal Effects most pronounced for Edge-on 

Orbits 
–  Eccentricity Effects equally important for any 

viewing geometry 
•  Short-Period Planets (today) 

–  Obliquity is zero because of tidal effects 
–  Orbital Inclination and Eccentricity well-known 

•  Directly Imaged Planets (tomorrow) 
–  A priori unknown obliquity 
–  Poorly measured inclination and eccentricity 
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Optical Photometry 
1.  Time-Averaged Colors 

to Distinguish 
Snowball and 
Temperate Climates 

2.  Rotational Color 
Variations to Estimate 
Obliquity 

3.  Can’t constrain AB or 
Rp w/o second mission 

Infrared Photometry 
1.  Phase Variations are 

Rich (complicated and 
hard to interpret) 

2.  Work in Progress… 
3.  Extract Teff (and Rp) 

from thermal SED 
(see poster by 
Meadows & Robinson) 
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