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Total solar irradiance and

Total solar irradiance (TSI) in an important g

input to climate models.
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Before 1978, TSI can only be retrieved "l CEERTERCEITEEN: 0
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through reconstructions from proxies. P s courtesy o e VIRGO e (o Htpa .o
Magnetic features drive the solar variability.

The longest direct proxies of the surface
magnetism are sunspot number records.
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From: https://ttt.astro.su.se/news/20060913en.html



Ephemeral regions & .

ERs are short lived bipolar magnetic regions

(BMRs) too small to feature sunspots. O
O
* They are important for secular TSI variation,
Magnetogram Continuum Intensity
but are missed by SN records! Adapted from: Harvey, K. L., 2001
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Emergence

The emergence of all BMRs is described by a

single powerlaw size distribution. (rivova et al. 2021)

Flux emergence (exponent my,) varies with

the sunspot number (SN).

Mean emergence latitude and tilt
angles of ARs from the empirical
relationships by Jiang et al. 2011.
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Tilt and latit
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We estimate tilt and latitude scatter of ERs from Harvey 1993.
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The tilt scatter of large ARs is taken from ]
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SFTM sourc

* The shape of BMRs in the SFTM

depends on the angular separation (A 3)

* A determines the lifetime of a BMR.
We estimate the expected lifetimes from
Thornthon&Parnell 2011 and Parnell 2009.

* We derive a relationship between A

and the initial magnetic flux @gyz:
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Total mag

* Two populations of BMRs are tested in the SFTM.
- LAR: Large active regions forming sunspots ( >3x10°' Mx).

- SAR: Includes small active regions ( >2x10* Mx ) with lifetimes > 1 day.

Absolute total mognetlc flux Absolute total mognetuc flux

1.2 I O A 2 24 L ]
= | ——— Observation Avg. (WSO, KP NSO, MWO) = L gER 04 ASgSE(WSO KP NSO, MWO) 4
L . * L -+ . * i
= 1ToH —— ééFé ngg ,838521) (0DE) LAR = 0H SSE (1d16 — 2e20) (ODE) SAR |
< N SAR_sim <t T L SAR_sim _
g Ll — LAR_sim (}I L i _
B 8 L i
=, 0.8 = 0.8~ 1
x = x| = —
= = 2 = -
0.6+ = 0.6 —
RS r 9 r b
5 C G ]
& 0.4 o 0.4 .
o = g = Syl -
£ B g C /) ‘ ]
S 0.2 g 0.24: —
S -'

— oy [

0.0L L Lo Loy Lo 5 0.0 ..
1970 1980 1990 2000
year




Summary & Cc

The emergence of all BMRs regions is described by a single powerlaw
distribution following Krivova et al. 2021.

We model the tilt and latitude emergence patterns for BMR of all sizes.

A relationship between angular separation of magnetic polarities and the

region size is derived in agreement diffusion lifetimes.

The observed total magnetic flux is well reproduced by the simulations.

We aim to improve magnetic flux reconstructions and reconstruct the TSI.
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