How Does the Sun’s Spectrum Vary?

Rotational to Multi-Decadal

Solar Irradiance Variations
Judith Lean, Karl Battams

Space Science Division, Naval Research Laboratory, Washington DC

Odele Coddington, Gary Rottman, Peter Pilewskie
LASP, University of Colorado, Boulder CO

® Solar Rotation — days to months, multiple "realizations”
- Marchenko, DelLand & Lean, Space Weather & Climate, 2017
- issues-remain resolved about spectral dependencies — UV vs IR
(Lean et al. Earth & Space Science, draft manuscript)

# Solar Cycle — years to decades

- challenged by instrument sensitivity drifts;, SIST COMPOSITES
- disagreement quantified/evaluated among observations and models

® Long Term — multiple decades

- speculative; depends on constraining & understanding solar cycle variations
- new reconstructions since 850 CE differ from PMIP4 recommendations

(Lean, Earth & Space Science, 2018)
Funded by NASA . SIST Meeting, Greenbelt, MD, 8-9 May 2018




New Models of Contemporary Solar
Irradiance Variability
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Relationship of Irradiance Faculae & Mg Index
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NRLTSI3
reproduces
TIM TSI
observations
better than
NRLTSI2

(NOAA CDR)
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Quantitative Determination of Statistical
Significance using the F-test

Statistical Analysis in Climate Research
(von Storch and Zwiers, 1999) TSI model constructed

from TIM observations:
SSRMadj—SSRM
SSR . = 830
F repl= d f ( Mad)

SSRy, = 820
SSEpqaj = 60, df = 1130

SSRsooN—SSRpEB
Freo= Af ( (SSR yag— SSRy,) = 10

SSEsoon
SSR= sum of squares of regression
= 2 (Ymod(t) “Yobs)? Use of Adjusted of Mg(t)
SSE= sum of square errors F,.,~=188
=2 (Yobs(H)-Ymoa(t))? Replacement of SOON with
df = degrees of freedom Debrecen spots Frep=148

SST=SSR+SSE, r’=SSR/SST F(1,60) of 7 is 99% significant

SSE yad 60




CompOS|te o) Total Solor Irradionce
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Uncertainties in TSI Composite Preclude
Differentiation Among Models

Annual Total Solar Irradiance

adding even a
: : modest

1361.5| i nonlinear Mg

: 1  component

= 1361.0} SOLID j alters annual

1362.0}

: NRLSSI2 : values ...affects
1360.5 SATIRE ; historical
[ ] reconstructions

NOTE: NRLTSI3 and SATIRE agree better at cycle maximum than at
minimum.... is this a result of SATIRE's use of magnetograms at solar
minimum, when active region features are minimal?
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Composite
Lyman a
(LASP)
record lacks
repeatabillity to
quantify
NRLSSI3
Improvements
over NRLSSI2

a) Lymon a Irradionce
NRLSSI2

SIST composile

model, r=0.975

1980 1990 2000 2010

c) Residuols Histogrom

e m e T
L FWHM=0,331

0 M P P | 1

-0.6 -04 -0.2 -0.0 0.2 04 06 -0.6 -0.4 -0.2 -0.0 0.2 04 0.6

Residuol (mW m™?)

d) Lymon a Irradionce
NRLSSI3

SIST composite

W}»\

1980 1990 2000 2010

f) Residuols Histogrom
T

T
L FWHM=0

0

Residuol (mW m™?)




o) Irradionce 270.5 nm — OMI — EMPIRE — SATIRE

OMI
observations
provide
independent
validation of
spectral
Irradiance

variability
models on
rotational time
scales
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OMI observations provide independent validation
of spectral irradiance variability models

o) Absolute Deviation from 81-doy mean: 2012 to 2015
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Origin of spectral

iIrradiance variability
differences between
NRLSSI3 & SATIRE:

wavelength-dependence of

facular and sunspot
contrasts differ

NRLSSI3: inferred from
SORCE observations

SATIRE: specified with
theoretical stellar
atmosphere model
facular contrast too high in
Fraunhofer lines and blends, and
also too broad

Sunspot contrast systematically
not dark enough
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Solar Cycle
Irradiance Variations

= NRLSSI3 changes are
slightly larger than NRSSI2
because NRLTSI3 has
slightly larger solar cycle
change than NRLTSI2 (due
to additional facular term)

NRL3SSI and SATIRE
changes agree better in
NUV continuum than lines

SATIRE changes larger than
NRLSSI3 in NUV spectral
features

SATIRE (& EMPIRE) changes
smaller than NRLSSI3 in
visible spectrum
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TSIS observations are expected to have
0) Solor Spectral Irradiance 650.5 nm improved repeatabily to better clarify
1,603 ' relationship of TSI and SSI
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New Estimates of Solar Irradiance Variability
In the Pre-Industrial Millennium

o) Total Solar Irradiance

NRLTSI2
r=0.96

Estimating Solar
Irradiance Since 850 CE
J. Lean, Earth & Space
Science, 2018

Solar irradiance
reconstructions in the
space era are the
foundation for historical
reconstructions:
significant differences
exist among different
reconstructions
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Solar Irradiance
In Medieval
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How Does the Sun’s Spectrum Vary?

SUMMARY, Year 3
® Solar Rotation

- OMI validates NRLSSI3 rotational modulation

- SATIRE overestimates NUV rotation in lines and blends because facular contrasts in
these features are too high in theoretical stellar atmosphere models

- EMPIRE overestimates NUV rotational variability across the entire NUV spectrum —
likely misuse of ODR? \

Solar Cycle

- demonstrated mutual consist ORCE TIM TSI and SOLSTICE Lyman a SSI
observations over the 11-yea

- existing TSI & Lyman a compc

- awaiting new TSI, Lyman a and» Mg composites from SIST

- overestimation of SATIRE and EMPIRE NUV variability, and underestimation of visible
variability during solar rotation, likely extends to solar cycle & multi-decadal

Multi Decadal

- new irradiance recbnstruction from 850-1610 CE, consistent with NOAA CDR
1610-present — notable differences from PMIP4 recommendations




How Does the Sun’s Spectrum Vary?

Publications and Products

New NRLTSI3 (total) and NRLSSI3 (spectral) irradiance variability models (and uncertainties),

formulated and implemented using improved facular and sunspot indices
- 1978-2017 files available
- Earth & Space Science papers (2) underway for SIST special edition

Reanalysis of SME observations pre wdes new database for extending extant observations,
and model validation .
- multiple talks at meetings (AGU, EU ORC »._,.'c;:“cle‘r‘\nparing models and observations (Odele)

New estimates of historical TSI & SS : "3’0 sindustrial millennium, consistent with
NOAA CDR irradiance in past four cent - differ "-om PMIP4 recommendations
- 850-2017 files available —

- Earth & Space Science paper publ/shed 2018

In collaboration with othéer SIST members:.

- Incorporate new composites of total solar irradiance, Lyman a irradiance and Mg index
composite to additionally constrain solar cycle changes




