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Reconstructions of past irradiance variations rely mostly on sunspot data

Dewitte et al. 2022
Schrijver et al. 2011

→ large uncertainty in long term trend
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3

Reconstructions of past irradiance variations rely mostly on sunspot data
Improving relation between plage/sunspots can reduce uncertainty in long term trend of TSI

Dewitte et al. 2022
Schrijver et al. 2011

→ large uncertainty in long term trend



4

Published Ca II K plage areas and sunspot 

number series

Clette et al. 2023Chatzistergos et al. 2023
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Ca II K observations

1) Varying accuracy of processing techniques

2) Lack of photometric calibration

3) Use of different dataset or inaccurate cross-

calibration
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Depends on:

• Plate’s emulsion

• Observation 

conditions

• Development

• Storage

• Digitization

Chatzistergos et al., 2018 A&A 609

Photographic plates ≠ linear detectors
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Annual coverage

CCD

Chatzistergos et al., 2020b A&A 639



Differences between archives
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Automatic process to:

• Photometrically calibrate images

• Compensate for instrumental and physical effects

Image processing
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(instrumental + 
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CLV
(physical effects)

Calibrated image
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Automatic process to:

• Photometrically calibrate images

• Compensate for instrumental and physical effects

Evaluated method’s accuracy with synthetic data

• Performs better than all other methods in the literature

Image processing

Calibration curve Calibrated image

OursBertello et al. 2020
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Automatic process to:
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Evaluated method’s accuracy with synthetic data

• Performs better than all other methods in the literature

• Works consistently with quite diverse data
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Automatic process to:

• Photometrically calibrate images

• Compensate for instrumental and physical effects

• Segment images to isolate plage regions

Evaluated method’s accuracy with synthetic data

• Performs better than all other methods in the literature

• Works consistently with quite diverse data

Image processing

Calibration curveArcetri Ca II K 
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Relation between plage and sunspot data

𝑎𝑝 = 𝑐1𝑎𝑠
𝑐2 + 𝑐3
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Dependence of relation on bandwidth

Cycle 23

Chatzistergos et al., 2022, A&A

○ relatively accurate bandwidth
△ uncertain bandwidth

Fit to:
- All
- Only accurate bandwidth values

𝑎𝑝 = 𝑐1𝑎𝑠
𝑐2 + 𝑐3
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Dependence of relation on bandwidth

Cycle 23

Chatzistergos et al., 2022, A&A
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Plage area composite

Plage fractional areas

Sunspot fractional areas

The plage area composite is available at https://www2.mps.mpg.de/projects/sun-climate/data.html

Mandal et al. 2020

Chatzistergos et al., 2020b, A&A 639

Annual coverage

CCD

Mandal et al. 2020 sunspot area
Chatzistergos et al. 2017 GSN
Svalgaard & Schatten 2016 GSN
Clette et al. 2016 ISNv2

Chatzistergos et al., 2022, A&A
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Dependence of relation on cycle strength
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Reconstructing plage areas from sunspots



Thank You
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Summary

 Ca II K observations are an extremely valuable, but largely unexplored, resource for irradiance 

studies

 We performed a comprehensive analysis of Ca II K observations 

 Produced the first plage area composite from 38 archives

 Scrutinised the relationship between plage and sunspot areas

 Depends on bandwidth of observations

 Hints for dependence on activity level


