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; I j understanding the latitudinally.. .experience. _regular _ global _ snowball _ transitions._ _(Spiegel |

_ ret al. 2009). For the Earth, the obliquity is stabilized by the |

) H—ﬁ 6 ‘% / \/rqu I\ DI ~R—351 A e . Earth’s moon (Laskar et al. 1993; Li & Batygin 2014), without
X —J . o f |Wthh the obliquity variations would likely have been much-

We apply these calculations to four l more extreme (Laskar & Robutel 1993). Additional simulations l

— ~ - known multi-planet systems (GJ 163,
o / \4 7 /r ‘L_ )( [ Ll:la I K2-3, Kepler-186, and Proxima... fur a retrograde-rotating” Venus by Barnes et al. (2016) md‘czﬂe

that obliquity variations may have been as low as +7° over Gyr

o ﬁll 1%6 >( ::ﬁ — j:%l |:|| ~—=1 DALY timescales, implying that massive moons are not necessarily
— — . R required for obliquity stability. In either case, the obliquity of a
We discuss the implications of these . ’ .
simulations on climate models for particular exoplanet is one that must float as a free parameter in
terrestrial planets and outline... the GCMs that predict surface conditions. A direct measure-
ment of obliquity from seasonal variations in directly detected

~—=1 (AL light will be possible from future missions capable of such

. SSAEMERIRIL T X ) BRI
IJH:H £ d\ —L — Fer e B dre b T measurcr-nents. Modeling these data using' current Earth—!aas-cd
\\: stabilized by the Earth’s moon (Laskar observations shows that planetary rotational and obliquity

/ z o 5 - et al. 1993; Li & Batygin 2014),... parameters may be inferred from exoplanet imaging photo-

(%> M3 metry (Kane et al. 2015; Kawahara 2016; Schwartz et al. 2016).
. A planetary parameter that can be presently measured is the
FENMS S orbital eccentricity. This parameter is most often extracted from

the Keplerian orbital solution to RV observations of a bright

Aoz @ - host star and can also be inferred to a lesser extent from the
implying that massive moons are not duration of a planetary transit (Barnes et al. 2008; Burke 2008).
necessarily required for obliquity The eccentricities for most of the Kepler HZ planets are largely
stability. unknown due to the faintness of the host stars (Kane
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