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Climate Studies Depend on Solar Variability

e Coupled Model Intercomparison Project (CMIP6) TSI inputs show a
large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions
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Climate Studies Depend on Solar Variability

e Coupled Model Intercomparison Project (CMIP6) TSI inputs show a
large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions
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Climate Studies Depend on Solar Variability

e Coupled Model Intercomparison Project (CMIP6) TSI inputs show a
large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions
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SORCE/TIM TSI Record

SORCE/TIM Irroduonce (Version 17

2 months
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SORCE/TIM TSI Record — 2 Months

SORCE/TIM V.17 Irrodionce
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SORCE/TIM TSI Record — 2 Weeks

SORCE/TIM V.17 Irrodionce
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SORCE/TIM TSI Record — 1 Day

SORCE/TIM V.17 Irrodionce
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SORCE/TIM TSI Record — 2 Orbits

SORCE/TIM V.17 Irrodionce

i

| |

Irradionce [W/m?]
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Timescales of TSI Variability

e Minutes 0.01%

e Days <0.3%

* Solar Cycle 0.1%

e Century 77
 Evolutionary (MS) 1010 /yr

Bern, CH, 21 Feb. 2017 «&@_ Solar Variability Based on TSI Record
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Current TSI-Measurement Record

Total Solar Irradionce Doto Record
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Degradation Corrections Critical for Stability

SORCE/TIM Cone B Degradation — Exponential (Exposure Based)
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Degradation Corrections Critical for Stability

* Larger intrinsic degradation likely also has larger correction-
uncertainties

— Level 1 VIRGO data demonstrate level of variations of individual channels

Level 1 Data (all 4 channels) Level 2 Data (VIRGO)
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Degradation Corrections Critical for Stability
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wa & - The “early increase™: - -
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PREMOS degradation fitted by |
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| >4000 ppm correctlon applled

r=livn= FR=E20E 2 il

ACRIMSAT/ACRIM3 Degradation History
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Degradation Corrections Critical for Stability
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Current TSI-Measurement Record

Total Solar Irradionce Dotao Record
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An “early increase”?

Monthly Sunspot Number
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“Early Increase” Corrections Applied

NIMBUS7/ERB TSI
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Diffraction & Scatter Erroneously Increase Signal

All instruments except the TIM put primary aperture close to the cavity

TIM geometry

SORCE/TIM Cone B Degradation — Exponential (Exposure Based)
50
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Comparisons to Sunspots Indicate Differences

FMOD Composite TSI 48, Sunspat Numbes NIMBUS? TSI w8, Sunspoal Numbes
Note larger vertical scale

and shorter timespan
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Data Should Likely Be Corrected for Early Increase

TSI Doto ond Composites

SORCE /TIM Dato

RMIB Ceomposite

y
Wm WJ“W h \*k

1990 1995 2000 2005 2010 2015 2020
Yeaqr G. Kopp, 16 Jon, 2017

 How stable are composites?

— Depends on the data upon which they are based
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ACRIM Annual Signal of ~200 ppm

TIM Offset Relative to ACRIM

[ l ] 1 ] T ¥ L !

ACRIM = TIM QOliset
ossible]Solar Djstorlmce Effect

o
N

Offset [W/m7]

>
o
Offset Relolive to Finol Averoge Volue [ppm]

=
=
—
-
o
-
b—
-
o
—
—
-

L 1 A A i A | 't L | A i i )| A A 2 r | A 2 A

Oec 2003 Moy 2005 Sep 2006 Feb 2008 Jun 2009

G. Kopp.

Bern. CH. 21 Feb. 2017 Mﬂa Solar Variability Based on TSI Record



Instrument Data Comparisons Can Indicate Artifacts

TSI Doto for Comparisons
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Instrument Data Comparisons Can Indicate Artifacts

TSI Doto for Comparisons
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VIRGO Stability

~10 ppm/yr claimed
VIRGO V6.2 to V6.1 Differences
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Recent VIRGO Data Indicate Stability Uncertainties

VIRGO TSI (81-Day Smoothed)
A e

I

Ve 2015 Oct.
V6 2015 Dec.
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Issues with Existing Composites

NIMBUS7/ERB TSI

Binary (and biased) selection of
instrument data used

— Discontinuities at boundaries

Uncertain corrections applied to
data records

Normalizations incorrect
Lack uncertainties

TSI Doto ond Composites

SORCE /TIM Dalo

RMIB Composite

Hq’\

1990 1995 2000 2005 2010 2015 2020
Yeor G. Kopp, 16 Jon, 2017
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Comparisons of Models and Composites

* Long-term solar trends differ

— Differences have significant effects for climate researchers and resulting
sensitivities to solar vs. anthropogenic forcing

— Solar-irradiance community needs to specify and validate stability-
uncertainties in measurements and models

TSI Doto ond Composites

SORCE /TIM Dato

RMIB Ceomposite

y
Wm WJ“W h \*k

1990 1995 2000 2005 2010 2015 2020
Yeaqr G. Kopp, 16 Jon, 2017
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Comparisons of Models and Composites

* Long-term solar trends differ

— Differences have significant effects for climate researchers and resulting
sensitivities to solar vs. anthropogenic forcing

— Solar-irradiance community needs to specify and validate stability-
uncertainties in measurements and models

TSI Model Reconstructions

OMIPE Reconstruclio
RLTSIZ Maodel

SORCE /TIM Dato
All Dala J9o1—-doy Smoothed

1980 1995 2000 2005 2010 2015 2020
Yeaqr G. Kopp, 16 Jon, 2017
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Comparisons of Models and Composites

* Long-term solar trends differ

— Differences have significant effects for climate researchers and resulting
sensitivities to solar vs. anthropogenic forcing

— Solar-irradiance community needs to specify and validate stability-
uncertainties in measurements and models

TSI Model Reconstructions

IP6 Reconstruclion
NRLTSIZ Madel
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S td———————
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New TSI Composite Being Created

Uses all available instrument data

— Scale-wise weightings Methodology Lo create a new Tolal Solar Irradiance record:

Uses an unbiased statistical Making a composile out of multiple data records

approach y ’ 20 o ‘ el S
Fhierry Dudok de Wit' | Greg Kopp= |, Claus I'rahlich”, and Micha Schall'~

Normalized to most accurate o

instruments e e R

‘DinlzavaMarasce 30, Davos Wollgang, Swice1ad
"Pos albeh Mxzamniogisehes Dbasrvarcs wm Lavcs and WodZ Redizgon Uiz, Divos Coit, Swiceriand

Has time-dependent uncertainties
TSI Composite
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Needed TSI Composite Refinements

e Agree on amount of “early increase” correction (if any) to apply
e Estimate initial uncertainties
* Update regularly

TSI Composite

1362

1360 '“
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w
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o

1
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. ‘ I ’I . Uncertointy 0.5
1356 0.0
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Measurement Differences Show 1/f Power Scaling

Dispersion is not indicative of linear trends or of white noise

TIM, VIRGO, and ACRIM3

Dudok de Wit et al., GRL, 2017
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TIM Comparisons

Comperisons to TIM Comperisons to TIM
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CMIP6

e Coupled Model Intercomparison Project (CMIP6) TSI inputs
supposedly follow mean of NRLTSI2 and SATIRE TSI

e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions
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from CMIP6 website V.3.2
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G, Xopp, 18 Feb, 2017
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CMIP6

e Coupled Model Intercomparison Project (CMIP6) TSI inputs
supposedly follow mean of NRLTSI2 and SATIRE TSI

e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions (Smoothed)

CMIPE
NRLTSI

Model Averoge

from CMIP6 website V.3.2

All dato 11=year smoothed

1950 2000
Yeor

Bern, CH, 21 Feb. 2017 Solar Variability Based on TSI Record



CMIP6

e Coupled Model Intercomparison Project (CMIP6) TSI inputs
supposedly follow mean of NRLTSI2 and SATIRE TSI

e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing
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CMIP6

e Coupled Model Intercomparison Project (CMIP6) TSI inputs
supposedly follow mean of NRLTSI2 and SATIRE TSI

e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

Difference Between CMIPE6 and Mean of NRLTSIZ & SATIRE Reconstructions
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CMIP6

e Coupled Model Intercomparison Project (CMIP6) TSI inputs
supposedly follow mean of NRLTSI2 and SATIRE TSI

e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

TSI Reconstructions

1362.01 cwmips

NRLTSI2 [}
1.
|
,l

I [
1361.0|— . n N ||
IR . |
. AR
1360.5
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CMIP6
e Coupled Model Intercomparison Project (CMIP6) TSI inputs

supposedly follow mean of NRLTSI2 and SATIRE TSI
e Shows a large modern-era downward trend compared to CMIP5

— May affect global-climate-model sensitivity to solar forcing

CMIPS (NRLTS1) - 5 Wm*
1362 | w—CMIPE

NRLTSE2 |

SATIRE-TS |

PMOD composite

1360.5

frém Matthes et al., Geosci. Model Dev. Discuss., doi:10.5194/
gmd-2016-91, 2016
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Concerns with Models

* The last few decades...
— ...when we should have been doing the best!

Bern, CH, 21 Feb. 2017

més)

SORCE /TIN
NRLTSI2

2004 2006

SORCE /TIN
SATIRE=S

SORCE/TIM vs. NRLISIZ

AN NRLTSI under-
J\w\'ﬂﬂ# estimates solar
I j cycle

(minor concern
for climate)

2008 2010 2012 2014 2015
SCRCE/TIM vs. SATIRE

SATIRE has large
downward trend
(more major

2014 2015 Concern)

G Nopp, 14 Jenn. 2017
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Concerns with Models

 The last few decades...

— ...when we should have been doing the best!
S()R(ZF/IIM vs. NRIISIZ
1562.Cf

TSI Composite

Composite
[ 351-Doy Smooth

SATIRE-ST (smoothed)
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. ) X . (more major
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Yecr G. Nopp, 14 Jea. 3017 Concern)
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Concerns with Models

 The last few decades...

— ...when we should have been doing the best!
SORCE/TIM vs. NRLISIZ
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Concerns with Models

 The last few decades...

— ...when we should have been doing the best!
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New Sunspot-Number Reconstruction(s)

 Community reanalysis of sunspot-number records lead to new
series

— Clette & Lefevre, “The New Sunspot Number: Assembling All Corrections,”
Solar Physics, 291, 2016

SILSO Sunspot Number
Cletie et al., Space Science Reviews 186:35~-'03, 2015
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New Sunspot-Number Reconstruction(s)

 Community reanalysis of sunspot-number records lead to new
series

— Clette & Lefevre, “The New Sunspot Number: Assembling All Corrections,”
Solar Physics, 291, 2016

SILSO V2 / V1 SN Ratio

AN JJJ . LM—TW

Rotio V.2 / VA
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New Sunspot-Group-Number Reconstruction(s)

 Community reanalysis of sunspot-number records lead to new

series

— Svalgaard & Schatten, “Reconstruction of the Sunspot Group Number: The
Backbone Method,” Solar Physics, 291, 2016
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Hoyt & Schaiten Group Sunsnot Number
Hoyt & Schotten, Solar Physics 181:491-512, 1998
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New Sunspot-Group-Number Reconstruction(s)

 Community reanalysis of sunspot-number records lead to new
series

— Svalgaard & Schatten, “Reconstruction of the Sunspot Group Number: The
Backbone Method,” Solar Physics, 291, 2016

Groun—Sunspot Number Reconstructinons
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Sensitivity of TSI Models to Sunspot Record(s)

e Kopp, G., Krivova, N., Lean, J., and Wu, C.J., “The Impact of the
Revised Sunspot Record on Solar Irradiance Reconstructions,” Solar
Physics, 2016, doi: 10.1007/s11207-016-0853-x

TATNIRC —bases TSI Reconsiruclions
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Improvements. And What Needs Improving

Have improved TSI-record accuracy and understanding of artifacts

— Older TSI instrument-data are not as good as assumed by users; newer better

TSI composite improved with reduced biases and better
instrument-transition overlaps

— Methodology demonstrated, but final composite needs refining

Models are getting more sophisticated

— But large downward trend of SATIRE relative to measurements and NRLTSI in
recent decades is concerning

CMIP6 clarity on models used and arithmetic mean

* The sunspot-number reconstruction may make this all irrelevant...

TSI Model Reconstructions

NRLTSIZ Model
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