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SSuunn		iiss		vvaarriiaabbllee		oonn		aallll		ttiimmee		ssccaalleess

• Minutes – days:	oscillation,	granulation
• Days		– month:	evolution	of	magnetic	

features,	rotation
• Decades – Millenia:	solar	activity	
• Mega– Gigayears:	stellar	evolution



SSoollaarr		aanndd		sstteellllaarr		vvaarriiaabbiilliittyy		oonn		
rroottaattiioonnaall		ttiimmeessccaallee

• Sun:	on	rotational	
timescales	spots	are	
dominant
• Rotation	period	not	
detectable!
• Kepler:	observe	stars	with	
different	inclinations	and	
rotation	periods
• Stars	might	be	spot	or	
faculae	dominated	
(inclination,	metallicity,	
temperature,…)

Shapiro	et	al.,	2017

ObservationsFacula
Spot

Total
Data:	1996-2015

Model

27	days

Total

11	years



OOuurr		aaiimmss

Shapiro	et	al.	2014

Studies	on	cycle
timescale		à activity	bands
BUT:	we	want	to	study	
day-to-day	variations

Need	information	on	
day-to-day	basis	
For	inclination	
studies:	distribution	
on	the	far	side	



HHooww??		–– SSuurrffaaccee		FFlluuxx		TTrraannssppoorrtt		MMooddeell		
(Cameron	et	al.	2010)

𝜕𝜕𝐵𝐵
𝜕𝜕𝑡𝑡 𝜆𝜆, 𝜙𝜙, 𝑅𝑅, 𝑣𝑣 𝜆𝜆 , Ω 𝜆𝜆 , 𝜂𝜂+, 𝐷𝐷 𝜂𝜂- , 𝐵𝐵± 𝜆𝜆, 𝜙𝜙, 𝑡𝑡 	
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𝑣𝑣 𝜆𝜆 = 111 3 sin 2.4 3 𝜆𝜆 						𝜆𝜆 ≤ 75°
0																									𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

m/s

Ω 𝜆𝜆 = 13.37	 − 2.3 3 sin 𝜆𝜆 G − 1.6 3 sin 𝜆𝜆 I degree/day
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DDeeffiinniinngg		ssppoott		ffiilllliinngg		ffaaccttoorrss

𝜆𝜆,	𝜙𝜙,	
area	on	
day	of	
emerge
nce

Spot	moves	
due	to	

differential	
rotation	and	

meridional	flow

Spot	
decays

Spot	
position	
on	the	
surface

Projected	
filling	factors	
depending

on	position	of	
observer

SFTM	output	is	on	a	non-rotating	surface	à add	solar	rotation!



CCoommppaarriissoonnss		wwiitthh		oobbsseerrvvaattiioonnss
365-day	smoothed	data 81-day	smoothed	data

Average:	
Balmeceda:	0.00159

SFTM:	0.00156

RMS:	
Balmeceda:	1.33e-08

SFTM:	1.64e-08



CChhaannggiinngg		tthhee		iinncclliinnaattiioonn

Butterfly	diagram 365- day	smoothed	data Ratio	of	equatorial	
and	polar	view

Peak	of	cycle	shifts	with	lower	inclinations	towards	the	beginning	
to	the	cycle	due	to	the	shape	of	the	butterfly	diagram



TTSSII		vvaarriiaabbiilliittyy		dduuee		ttoo		ssppoottss		II



TTSSII		vvaarriiaabbiilliittyy		dduuee		ttoo		ssppoottss		IIII



CCoonncclluussiioonn		aanndd		OOuuttllooookk

• Solar-stellar	comparison:	need	to	understand	how	the	
Sun	would	be	observed	from	arbitrary	locations
• SFTM	statistically	reproduces	observed	spot	filling	
factors
• We	calculated	spot	component	of	TSI	variability	from	
arbitrary	vantage	point

• Future	plans:
• Include	facular	component
• SFTM:	faster	rotators	à higher	activity	(Emre Isik)	

Thank	you	for	your	
attention!


