
ESPM-16, 6-10 September 2021

Modeling Solar Ca II H & K  emission variations

Sowmya Krishnamurthy
Max Planck Institute for Solar System Research

Göttingen, Germany

krishnamurthy@mps.mpg.de

In collaboration with:
Alexander I. Shapiro
Veronika Witzke
Nina Nèmec
Theodosis Chatzistergos
Kok Leng Yeo
Natalie A. Krivova
Sami K. Solanki

Marie-Curie Grant No. 797715 (IMagE) Sowmya et al. (2021), ApJ, 914, p21

mailto:krishnamurthy@mps.mpg.de


Motivation

Many aspects of the complex relation between stellar magnetism and S - index 
remain largely unexplored (e.g. dependence on the inclination, stellar metallicity)

Baliunas et al. (1998)
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❖ Emission in the near UV Ca II H & K lines is 
modulated by the magnetic activity of a star

❖

❖ N - flux, t - time,  - calibration constant

❖ S - index is one of the main proxies of solar and 
stellar magnetic activity

S(t) = αc
NH(t) + NK(t)
NR(t) + NV(t)

αc

Vaughan et al. (1978)
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The Sun in Ca II K



Objectives
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Develop a model capable of calculating the stellar S - index variations

Validate the model against available observations of the solar S - index

Use the model to investigate the effect of inclination (i) on the S - index variability
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Our model (based on SATIRE*)

*Spectral And Total Irradiance REconstruction (Fligge et al. 2000; Krivova et al. 2003)
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Radiative transfer code RH 
(Uitenbroek 2001)

computed from the observed intensity images and 
magnetograms  (Yeo et al. 2014)

for the inclination effect: obtained using the magnetograms synthesised 
from surface flux transport model (Isik et al. 2018; Nèmec et al. 2020)

1D semi-empirical model atmospheres 
(Fontenla et al. 1999)

Neglect the contribution 
from spots

FTS atlas RH
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Courtesy: Nina Nèmec



S - index time series

Year
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Model computations agree very 
well with the observations

Daily values

81 day smoothed

S - index values obtained by an 
ecliptic bound observer ( ) 
are different from those obtained 

by an out of ecliptic observer

i = 90∘

Our approach allows computing S - index variations 
over the past 300 years, and at all inclinations
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Is the Sun anomalous in its chromospheric activity? 
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Activity

Radick et al. (2018)

Solar Ca II H & K emission variation is absolutely normal in comparison to 
stars with near-solar magnetic activity
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Summary

❖ S - index not only depends on the stellar intrinsic properties such as metallicity, surface 
gravity etc. but also on the stellar inclination

❖ We developed a model capable of calculating S - index variations and used it to study the 
effect of inclination on the S - index

❖ With decreasing inclination, the amplitude of S - index variations decreases

❖ We find that the Sun has a completely normal level of S - index variability

❖ Our model facilitates a better understanding of the connection between the stellar 
inclination and the S - index

Thank you!
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