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TESS	will	idenBfy	the	best	and	smallest	exoplanet	targets	for		
characterizaBon	of	atmospheres	

Credit:	George	Ricker	
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New	era,	new	approach	

•  ObservaBonal	data	AND	computer	models		

Koshland	Science	Museum	

+	NASA	
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The	Habitable	Zone	
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Many	factors	can	affect	planetary	habitability	
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Models	§  Spectral	Mapping	Atmospheric	
RadiaBve	Transfer	model	(SMART)		
§  1-D	in	height	
§  Atmospheric	gas	absorpBon	

	

§  1-D	seasonal	Energy	Balance	Model	
(EBM)	
§  1-D	in	laBtude	
	

§  3-D	General	CirculaBon	Model	(GCM)	

§  N-body	Models	

§  Tidal	models		



Stellar	RadiaBon	



Ice-albedo	Feedback	
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Ice	absorbs	where	M-dwarfs	emit	strongly	
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M dwarf planet
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Climate	Stability	

Shorter	jump	in	ice	line	 Higher	jump	in	ice	line	

Beger	for	life?	

M-dwarf	planets	have	
more	stable	climates	
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Wolf,	Shields+	2017	

IdenBfying	MulBple	Possible	Climate	Regimes	
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M-dwarf	Planet	Habitability	



MulBple-planet	systems	

First	place	to	look	for	a	habitable,	Earth-like	planet?	
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Image	credit:	NASA	Ames/JPL-Caltech	
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Kepler-62f	

Image	credit:	NASA	Ames/JPL-Caltech	
	

Needs	CO2	
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Stable	eccentriciBes		

Shields	et	al.	(2016)	

e_fmax	=	0.32	

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

stable	

unstable	
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	Shields	et	al.	(2016)	
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Surface	Temperature	
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Shields	et	al.	(2016)	
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Next	5	years	at	UCI	
•  RadiaBve	Effects	on	climate	of	alternate	
surface	types	on	exoplanets	– (NEW!)	NASA	
Habitable	Worlds	awarded	program	16-
HW16_2-0003)	

•  Detailed	habitability	assessments	of	newly	
discovered	planets	

•  Lots	of	opportuniBes	for	graduate	student	
involvement	
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More	Exoplanet	Research	Coming	to	UCI	

Paul	Robertson	



Hiring	a	postdoc!	

•  Start	date:	Summer/Fall	2018	
•  Desired	background:		
– Climate	modeling	experience	
– Glaciology,	land	surface	geology	and/or	
atmospheric	dynamics	

–  Interdisciplinary	educaBon	and	communicaBon	

•  ApplicaBon	deadline:	December	2017	
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✔	

Exoplanet	Climatology	
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Rising	Stargirls	



www.risingstargirls.org	



Summary	
•  Obs.	Data	+	TheoreBcal	Models	=	Accurate	
habitability	assesments	

– M-dwarf	planets	exhibit	more	stable	climates	

– Kepler-62f	could	be	habitable	

– Deepening	understanding	of	more	complex	climaBc	
processes	

– Target	prioriBzaBon	for	future	mission	follow-up	
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Ice	albedo	effect	magers		

	

Outer	edge?	

(middle	range	of	Habitable	Zone)	
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Synchronous	rotaBon	is	possible	Constant Phase Lag
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Hadley	CirculaBon	

hgp://sparce.evac.ou.edu/q_and_a/air_circulaBon.htm,	SPaRCE	

Transports	heat	from	equator	to	higher	laBtudes	
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Shields	et	al.	(2014)	
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InsolaBon	
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Surface	Temperature	1	bar	CO2		
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Higher	eccentricity	=	More	(ann.	avg.)	stellar	insolaBon	
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