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DRIVER OF THE VARIABILITY

@® Over 96% of the measured variability is reproduced by models
assuming surface magnetism is the driver
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PROXY MODELS

Combine
sunspot darkening, e.g. ,

with facular/plage/network brightening,
Facular Proxy (e.g. Mg index, Ca ll, F10.7)

via linear or multiple regressions
INGEL? (t)+k, AFP(t)

@ > 2 free param. at each wavel.

PROXY MODELS

Combine
sunspot darkening, e.g. ,

with facular/plage/network brightening,
Facular Proxy (e.g. Mg index, Ca ll, F10.7)

via linear or multiple regressions
AS(t)=k, (t)+k, AFP(t)

@ > 2 free param. at each wavel.

SEMI-EMPIRICAL
MODELS

Combine

surface area coverage and ideally
positions — change with time, ¢

brightness of each component (depend on
wavelength and disc position)

calculated from semi-empirical model
atmospheres (e.g., Kurucz models, Fontenla et al.
1999, 2009, 2011; Unruh et al. 1999; Shapiro et al. 2010)
using spectral synthesis codes (e.g., SRPM,
ATLAS9 or NESSY [#])

AS(H)= Aa.(t) | (MN+ Da () [(A)

The variability always comes from the change
in the surface distribution, i.e. from proxies of
surface magnetism with a single exception -

SATIRE-S based on direct MF measurements

® > 1free param.
(TSI & SSl in a single run)




SECULAR CHANGE IN MEASUREMENTS:

@ Decadal and longer-term changes — uncertain /
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SECULAR CHANGE IN MEASUREMENTS:

@ Decadal and longer-term changes — uncertain /

@ Linear extrapolations into the past — yet more uncertain
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Spectral And Total Irradiance Reconstruction

P/512, KP/SPM, SoHO/MDI, SDO/HMI

for the Satellite era (SATIRE-S

Intensity spectra, /_;(A) - from semi-
empirical model atmospheres;
time-independent

[.(A)+ A A

he fractional disc coverage is directly
elated to the magnetic field

The conversion factor MF=> area
coverage is the only free
parameter;

It only scales the amplitude of the
variations (by roughly the same
factor on all times scales — days,
weeks, solar cycle, decades!)

Yeo et al. 2014




G-TERM TREND IN SATIRE-S

ACRIM

PMOD

1360
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Original signal: Magnetic flux

is actually rather insensitive to what exactly
TSI record is used (has to fit the variability on
all time scales, while rotational to solar cycle
changes agree among the individual records)

the free parameter can affect the magnitude
of the trend but not its direction;
the presence of the secular trend is

independent of the TSI data used;
Converted to solar irradiance

LONG-TERM TREND IN SATIRE-S

® TSI has been declining from minimum to minimum

@ The exact magnitude of the secular change even over
the last decades is uncertain
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LONG-TERM TREND

® Over space era - the two models agree well within the observational unc-ty

© Before space era - the two models agree even better !

MODELS
ACRIM
IRMB
PMOD

Spot Areas + Mg Il, NRLTSI [dashed]
Magnetic field, SATIRE-S [solid]

LONG-TERM TREND

/

@ PLEASE, do not be misled by the plot in CMIP6 GMDD paper

CMIP5 (NRLTS1) - 5 W/m?
| =——CMIP6
NRLTSI2
——SATIRE-TS
PMOD composite + 1o

TSI [W/m?]




Solar Spectral
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MEASUREMENTS OF UV IRRADIANCE

@ Solar cycle variability above 250-300 nm < uncertainty, for all instruments

® UARS/SUSIM is just around the limit

solar cycle variability

SME

UARS /SOLSTICE

Uncertainty [%]

\/
"~ SORCE/ ]
SIM ]

NOAA—9/SBUV2 (Cross)

UARS /SUSIM_|

150 200 250 300 350 400
Yeo et al. 2014 Wavelength [nm]

107" \ \ \ .




SSI VARIABILITY 2003-2009

Egorova et al., in prep.
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CAN WE PREDICT SOLAR ACTIVITY?

Active regions emerge in pairs
with opposite polarities;

The leading polarity is reversed
in the two hemispheres;

CAN WE PREDICT SOLAR ACTIVITY?

- Active regions emerge in pairs
with opposite polarities;

The leading polarity is reversed
in the two hemispheres;

The leading polarities cancel
out when crossing the equator;

The following polarities form
the polar field, which
determines the strength of the
next cycle




CAN WE PREDICT SOLAR ACTIVITY?

Jiang et al. (2014) .

/

In cycle 23, a few large active regions
with wrong polarities emerged close to
the equator;

The leading wrong polarity went to the
pole and cancelled the flux there;

"

CAN WE PREDICT SOLAR ACTIVITY?

Jiang et al. (2014) .
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In cycle 23, a few large active regions
with wrong polarities emerged close to
the equator;

The leading wrong polarity went to the
pole and cancelled the flux there;

The MF accumulated at poles was low;

Next solar cycle - C24 - turned to be
low

@ Randomness makes
predictions impossible
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CAN WE PREDICT SOLAR ACTIVITY?
@ ... also statistically

Solanki & Krivova (2011, Sci.)
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TIME BETWEEN GRAND MAX AND START OF NEXT GRAND MIN

Based on reconstructed solar activity by Usoskin et al. (2007)
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® TSI has been declining from minimum to minimum

® The exact magnitude of the secular change even over
the last decades is uncertain

® Above 250 nm: semi-empirical models agree well with
SUSIM, the only instrument with the stability sufficient to
detect the solar cycle variability

@® Attenuation bias is responsible for weaker variability in
empirical models; when taken into account — the variability
is similar to that in semi-empirical models and SUSIM

@ Randomness makes predictions impossible




