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The 400-year sunspot record

Only direct record of the evolution of the solar cycle over
multiple centuries

* Longest scientific experiment still ongoing
(B.Owens, Nature, March 2013)
 Multiple applications:
— Solar dynamo modelling
— Long-term irradiance reconstructions
— Calibration of the cosmogenic isotopes (**C, 1°Be)
— Earth climate change &R

A
— Infrastructure maintenance (pipelines, electrical power grid)

> 100 scientific publications / year

Part of public culture and astronomy education
— > 150 000 Google hits on “sunspot number”:
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A necessary revision

No critical revision of the Sunspot Number series ok i :
since its creation by R. Wolf in 1849 R _Z K (10Ngi 3 Nsi)

* Only alternate series: the Group Number

(Hoyt & Schatten 1998) 12 08 Z k:Ng.

* Large discrepancies between the series (up to 40%)
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A new impulse: Sunspot Number Workshops

e Community effort started in Sept. 2011:
— 4 Sunspot Number Workshops: Sac. Peak, Brussels, Tucson, Locarno
— 50 participants

R

Synthesis in: —

Clette, F., Svalgaard, L., Vaquero, J.M., Cliver, E\W.: 2014,
evisiting the Sunspot Number. A 400-Year Perspective on the Solar Cycle.
ce Science Reviews, 186, p. 35-103
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Sunspot Number corrections: overview
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e 1947: new counting method: large
spots counted as >1 (2 to 5)
according to penumbral size

* Inflation factor range: 1.15 to 1.25

[
w
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Sunspot Number
o
o
o

al.2014), but improper data:
— Original series SN and GN contammg

Ratlo SN/GN
[}
o

other uncorrected biases 0o

(before 1915 and after 1980)
=> Corrected jump: 1.171

Most robust determination: double
counts, weighted and standard,
done at the Locarno station:

— Mean ratio in cycle 24:
1.165 +/- 0.035

=> Existence of a maximum asymptotic
mean value: 1.177 +/- 0.005
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Waldmeier’s weighted number (1947 1980)
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l— Ratloorlglnal SN/GN ~ Ratio newSN/GN] +1(y

* Onelow value: 1.126 (Lockwood et 15
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The Schwabe- Wolf transition (1849-1863)

P 1849: 20% downward jump 123, ,,,,,, ! ,,,,,,,,,,,,, I | — _YT= Sunspot I\Fumber [— A= NewTGroup Numfberl_
in the SN relative to the gluop | ' f ? % =

original Schwabe numbers
(Leussu et al. 2013)

e By comparison with the
Group Number over a wider
time interval:

— Schwabe upward trend
L 2oty S A0 M | s O T WS
3

— 14% upward jump in 1864 1530 1840 b5 ise0 1870 1860 1860

Time (years)
e Combination of two causes: .
— Wolf initially mixed the raw Schwabe numbers with his own observations
* Distinct markers only appear in published tables by 1863 (Wolf 1863)

— Wolf mostly used a small portable travel telescope:

* New assistant using the standard 80mm Ziirich refractor in July 1864
(Opening of the Ziirich Observatory, Wolf 1865)

Equal scale before 1826 and after 1863
ime-limited correction: SN increased by 1.14 (+/- 0.02) over 1849
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Group Number correction: overview
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- Revision of early GN and --L_ “Backbone” reconstruction (1749-2015) ekl :
- the Maunder Minimum = Svalgaard & Schatten 2015 :
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The 1880-1915 « Greenwich » trend (GN)

e Ratio of the RGO group count

relative to parallel visual
observers (Svalgaard 2012, Vaquero

——RGO
—=—Moncalieri
=s=Tacchini

——Spoerer

—=—Wolf
—e—Madrid

2013, Cliver & Ling 2015)

=> Ratio increases by ~40% over
1880 — 1915

Sunspot Groups

- O — N w S (6] o ~ @ ©
L L L L L ! L L

* Indications of changes in the
early.RGO data set (Willis et al,
2013):

874
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— Photographic plate type 25

+ RGO/Moncalieri
m RGO/Tacchini
A RGO/Spoerer

©® RGO/Madrid

— Measuring method

Ratio

=> The new GN reconstruction
only uses multiple visual
observers, also over the entire

20" century (Svalgaard & oo
chatten 2015, Cliver & Ling 2015)
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Revisiting the Maunder Minimum

Elimination of many interpolated null GNs in meridian
transit observations (Vaquero & Gallego 2014, Clette et al. 2014,
Vaquero et al. 2015 in press):

* Reduction of the actual coverage from ~100% down to ~60%
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Revisiting the Maunder Minimum

— Recent revisions by several alternate approaches like the “active days”
method (Vaquero et al. 2015, Usoskin et al. 2015)

14

— New Group I(Iumber 5V15 | O O Group Nun';ber MS V15 x 1.42I Original Group Number
12F e oo gl,gd:ar:fr?t;leﬁ %T;er x 142wV Group Number MO VIS x 142 SV15: « Backbone », Svalgaard 2015
: ; | 5 ; Sol.Phys.
0L e T b ,_ ZP15: Zolotova & Ponyavin 2015
4 . V15: Vaquero et al. 2015 A&Ap
: ' : : : MS « Strict » model;
MO: « Optimum » model

Group Number
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* High values proposed by Zolotova & Ponyavin (2015) are excluded (see poster
S4.11 Usoskin et al.)

Slight increase in the sunspot numbers during the MM:
— Short 9-year solar cycles
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Original
series:
SN /0.6

GN x 19.
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Close
agreement
over the entire
interval 1826-
2015

Still significant
differences
before 1826:
more work is

needed !

Sunspot Number

Ratio Y/X

ombining all corrections: matching SN and G
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— Y= New Group Number x 19 — X= New Sunspot Number

1800 1850 1900 1950

CSPM 2015, Coimbra

Time (years)



ombining all corrections: matching SN and G

Close . . ‘ —
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The improved agreement gives a strong confirmation
of the validity of the corrections
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niform peak cycle amplitudes over last 3 centuries

e Original series: strong upward secular trend from the end of the Maunder
Minimum to the mid 20" century (“Modern maximum”, Solanki et al. 2004,
Usoskin 2013):

— GN: +40% / century (red) SN :+ 15% / century (green)

 New SN and GN= similar very weak upward trend < 5 %/century
(blue, purple)

= Soon after the Maunder Minimum, solar activity returned to high levels
equivalent to recent cycles of the 20" century
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Comparison with indirect indices of solar activity

» Cosmogenic isotopes (°Be, 4C):

e e s L L D e
— contradictory results between 1000 [T NM .
i —%— SN(U02)
different samples and models 1| —+ 10Be-A(UO3) )
(modulation potential ¢): _ {[=o—10Be-A(MC04)

* Upward trend (Usoskin et al. 2002, 2 500 ]

Solanki et al. 2004) = - X
* No trend (Muscheler 2007, Usoskin ] )
etal. 2015) { %<

— Limitations: complex 1500 1600 1800 1900 20
deposition processes, Years Usoskin 2013
evolution of Earth magnetic
field

* Time integration of ¢ B

(20 to 40 years) ‘ |

Jis, LOW-paSS f||ter|ng of SN series . 150 e ——
(22 years):

— Upward trend but weaker

The longer sequence of strong
cycles in the 20t century gives a
higher solar signal without
tronger solar cycles

00

Sunspot Index

Time (years)
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Comparison with indirect indices of solar activity

* Geomagnetic indices: reconstructed open magnetic flux over
the last 180 years (Lockwood et al, 2013)

— Recent reconstructions show identical cycle amplitudes
between the mid-19t century and the 20t century

) v1 9:15 .' 19|50
Lockwood 2013

i
2000
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Better agreement with modern solar indices

Original SN too low versus NEIRATR B,
the F,,, radio flux after 2000 =t [\ . L

(Svalgaard & Hudson 2010,

Lukianova & Mursula 2011, Clette o

& Lefevre 2012)

Using the reconstructed SN
and the “backbone” GN over

1945-2015

— no more anomaly after
2000

— F,, is too high by 10% after

1983 !

50 -
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* New SILSO Web site (since early 2014)

* Operational transition to the new SN:
July 1st, 2015
— Adaptation of entire software for all SILSO

products: hemispheric numbers, daily
estimated SN (EISN), 12-month predictions

* Unchanged base method for the total SN but:

— Pilot station: Specola, Locarno un-weighted
counts (original Wolf formula)

[ [ X) [ 3 ’
— New scale convention: Ziirich factor 0:6 set to 1.0 _ ne2015Juy 2015

H— BNRi e e Nbstations |

* New reference: A. Wolfer (1893-1926) B TLILLLL e o
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SILSO graphics (http:/fsidc.be/silso) Royal Observatory of Belgium, 2015 July 18
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New version management

Objective: structured scheme for future
additions and improvements to the SN
series

For each version:

— Filenames with a 2-digit version number: Vn.i
* n: for each major change to the SN values

 i: for minor changes (e.g. isolated typos) or
side modifications (e.g. error estimates, file
format).

— Incremental documentation
* New version =V2.0
— New symbol: S (and G, )

» /

e “Archive” section: « -

— Past versions remain available
Supervision:
— Data distribution: World data System (ICSU)

— Scientific: creation of an advisory committee
(IAU, Division E and B)
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The future

* Development of a new operational method

— Implementation of a multi-station reference
= Full re-calculation of the SN since 1981
* Routine production of the Group Number

200 ——————

NyY

* Application of more

advanced statistical 1
methods: "
— sparse data with gaps and ’ 5°
null values (ARMA, 15
Bayesian regressions, : 33
multiscale decomposition, 03}

PCA)

38

Revisiting Wolf's work on & o — =040 LA
historical data 1700- 1849 = . . 7" o

Time (years)
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Conclusions

* The new SN and GN now largely agree
* From a static heritage to a living data series
* Multiple implications:
— Same levels of solar activity from Maunder Minimum to 215t century
— Elimination of past discrepancies with modern solar indices

=> Opening new research paths

 Renewed interest for the long-term sunspot record:
— Recent wave of new publications

— Topical issue of Solar Physics (> 30 papers)
e Base for a new Sunspot Number production:

— open to future additions and improvements
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For the latest information, please visit ...

WDC = SILSO Sunmspot Index
and Long-term Solar Observations

http://sidc.belsils

Home Data FAQ Observers Contact

Menu
= Home Sunspot number series: latest update Latest Sunspot Bulletin
» Data International surepot number It st 13 years and forecasts
» FAQ f Daily estimated sunspot
" » Observers | 120 Forecast: Standard Curves method 120 Forecast: Combined Method
T T T T T T T T T
» Contact [ | — Monthly = SC Prediction — Monthly = CM Prediction
% M[ — Monthly smoothed — Monthly smoothed
H 100 - SR e R 100 F - e R
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=S 1 News H 103 E
=
g ] Véelcome to the new central Web site for the International Sunspot Number !
@
5 ; Latest USET observations
a ] We designed those new Web pages to offer you an easler access to the exsting  mos, Brussels) 04/11/2013 1 1
2> sunspot data and to the associated Information. This new communication
3 : platform is destined to grow over the coming months and years, with new data ; ; ; ; ; ; ; ; ; ;
E 1 and graphical products and new sections providing extra Information about the B0 =011 01z 2013 2014 2015 2016 Mo 2011 201z 013 2014 2015 2016
g Werld Data Center and Its worldwide observing network. Time (years) ) Time (years)
5 1 This Initsal version already features new tems... more SILSO graphics (http://sicic.be) Royal Observatory of Belgium 01/03/2014
w
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Day of month

SILSO graphics (http://side.be) Royal Observatory of Belgium Latest USET drawing

o r 1
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unspot Workshops  hittp://ssnworkshop.wikia.com/wiki/Home
orical Archive of Sunspot Observations http://haSO.uneX.eSI
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