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The new and improved
Sunspot Number

Laure Leféevre & Frédérig/Clette



-year sunspot record

Only direct record of the evolution of the so\la
cycle over H‘Aﬁﬂple centuries

T N\

Longest scientific experiment still ongoing

(B.Owens, Nature, March.2013)
B

Multiple applications %

> 100 scientific publications / year “%#:

d

Part of public culture and astronomy education

> 150 000 Goggle hits on “sunspot number”
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World Data Center for the production, preservation and dissemination of the

international sunspot number

Major change of data set on July 1st, 2015: key information
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Sunspot number series: latest update
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> Change of scale : 0.6 factor dropped
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) Pilot station is still Locarno, but Locarno

“unweighted” (additional factor B#77)

Error bars
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O New name / new implemer;tation : V2.0 (old series: V1.0) \

/j \
/‘ 0 Filenames with a 2-digit version numlﬁ, VQ 1 \
| O n: for each major change to the SN valud ' |

O i: for minor changes (e.g. isolated typos) or side modifications j
(e.g. error estimates, file format). ]
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Difference
in counting
practice:
weighting of
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No. 238
2011.X 12354
08:30  TU.

Osservatore: S.Cortesi
Immagini: 3-4 (SIDC:3-2 )
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Waldmeler’s weighted ntmber (1947-1980)

Ol robust determination

Locarno Weight Factor as a Function of R Previous determination from L. Svalgaar

’ . lf—*'*ft Review (Clette et al. 2014) : Factor of 1.2
. Mﬁ‘;““ﬂ'—' ” (increase of 20% by the weighting method).
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New determination : Clette 1.0
Monthly W fit Y=B Ri* > 50| |

et al. 2015 (Special Issue
Solar Physics): dashed blue 0-9] Morenly W fit Y6 R
line at 1.177 (asymptotic & 8 montny valies w0

crease of max 18%) o) >0 20 60 80 100 120 140 160
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Waldmeler’s weighted number (1947-1980)

ore, robust determination
e

200 thaIgaard formula
Fixed W=1.177 between the
This Stud . .
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The Schwab W(Ili [ransition (1849-1863)

Wolfinitially mixed the
raw Schwabe numbers

o observations (stall

portable refractors).

180 T I T I
160F - S Y= Sunspot Number — X= New Group NumberL 1 DlStlnCt marké‘s Only
' ' appear in pubh*led

tables by 1863
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£ M Zirich refractor

e & delivered in 1864 \!
e Time-limited 1
correction: SN

; i increased by 1.14 (+/-
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Group Number correction: overview
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“Greenwich” trend

(1885-1915)
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The “Backbone” Group Number

(1749-2015)
= C
2 Backbone | Mai Full interval | Nb

daisy chaining of k c%icients between
pafallel observers, workiiy backwards in Staudach 17491787 1740 - 1822

me T Schwabe  1826-1867  1794-1883 20

Non-visual reference after 1875:
photographic catalog from the Royal Wolter 1878 - 1928 1841-1944 21
Greenwich Observatory

Includes a 42% trend (1885-1915) (Cletigp,
et al. 2014) Locarno 1957-2015 1950-2015 22

Koyama 1947-1993  1920-1996 36

O | New approach for linking the scale of
observers over centuries (Svalgaard 2012,
Clette et al. 2014, Svalgaard & Schatten 2015):

“Backbone” provided by 5 long-duration
observers to which other obsemwers are
normalized.

Overlapping backbones are cross-
calibrated

Only visual sunspot observers 8re used,
including in the 20 century




The “Backhone” Group Number
_(1749-2015)

dach backbone (1749-1787):
sufficient grou&arlitting: unrealistically
large groups = LR

Full recounting from’gﬁginal drawings )
(Svalgaard 2015) ‘

Only 1 reported group

Ry

0O /  GN increased by 1.68 relative to Schwabe | ’
Staudach, Feb. 13 and 15 176

Final 1749-2015 composite ekl
— Base reference: A. Wolfer (standard coun&%pa.n&iard refractor)

| Composite Group Number Series 12(-35
. G Staudach 2 49 Schwabe 1.48 Wolfer (reference) Koyama 1.00 SIDC 1) 160
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Svalgaard 2013, 2015
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400 A) Annual data:
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O Elimination of mangginterpolated
nulV/GNs in meridi®¥ transit
obServations (Vaquero é?@ego 2014, Clette
al. 2014, Vaquero et al. 2015 in press):

Number of days
S
|

100
Reduction of the actual coverage from
100% down to ~ 60% ;. o]
A new hypothesis (Zolotoua & Poryavin 1640 1650 1660 1670 1680 1690 1700 1710
. . Vi tal 2015
2015): spots that did not look like — aquero etal. ¥
el e 14 ZP15: Zolotova & Ponyavin 2015 :
round tr‘anSItlFlg planetS WEIC SV15: « Backbone », Svalgaard 2015 Sol.Phys. 11~122
systematically ignored. 12]-] V15: Vaquero et al. 2015 A&Ap 2|
¢ MS « Strict » model;
Only non-null observations are used 10| Original Group Number -

Contradicted by several alternate

approaches like the “active days” method
(Vaquero et al. 2015, Usoskin et al. 2015)

Group Number

w
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O\ Slight increase in the sunspot 1680

numbers during the MM: Time (years)
: \ Short 9-year solar cycles




combining all Cﬂﬂ%ﬂﬂﬂ&ﬂl@ﬂﬁ SN and GN

Original
series:
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Combining all commmm@ng N and GN
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Sunspot Number
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What js-the influ enee\of this

e C L
“weighting?
O / Previous ana g‘i‘; by L. Svalgaard (Clette et al., 2014)
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Locarno Weight Factor as a Function of Ri

O Jump around 20%
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evaluates the j

12% +/- 3%

Journal of Geophysical Research: Space Physics

RESEARCH ARTICLE

10.1002/2014JA019970

This article is a companion to Lockwood
et al. [2014] doi:10.1002/2014JA019972;
Lockwood and Owens[2014] doi:10.1002/
2014JA019973.

Centennial variations in sunspot number, open solar
flux, and streamer belt width: 1. Correction

of the sunspot number record since 1874

M. Lockwood', M. J. Owens’, and L. Barnard’

'Department of Meteorology, University of Reading, Reading, UK
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Waldmeier’s

weighredmomber (1947-1980)

ore, robust determination
e

Daily W ratio (raw and binned)
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Fixed W=1.177
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