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Sunspot Number: definition
• Wolf Number (Wolf 1851): 

W= 10 Ng + Ns 
• ≠ Sunspot number: 

– Multiple stations
– Statistical k personal scaling factors

• Synthetic index:
– No physical unit
– « Relative »: original R symbol

• Very high correlation with
photospheric parameters (R2 >0.95) 
(Bachmann et al. 2004, Rybansky et al. 2005, Wilson and 
Hathaway 2006, Tapping et al. 2007, Bertello et al. 2010, 
Hempelmann and Weber 2012)

• Measure of the global emergence
rate of (toroidal) magnetic flux 

(Petrovay 2010, Stenflo 2012, 2013)
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Mean mag. flux
Sunspot Nb.

Stenflo, 2012



Sunspot Number: multiple applications
• Constraint for solar dynamo models (11‐year cycle, super‐cycles, intermittency, grand minima)

• Quantitative reference for solar processes:
– Solar irradiance and solar wind reconstructions
– Cosmogenic isotopes (access to millenia timescales)
– Timebase for Sun‐driven processes (geomagnetism, etc.)

• Tracer of the long‐term solar influences on Earth: 
– Climate change
– Atmospheric drag (spacecraft operations)
– Cumulative GIC effects on infrastructures (e.g. pipelines). 
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Maximum médiéval Spörer Maunder Dalton

Fröhlich & Lean 2004



Sunspot Number: a composite series

Historical reconstruction (1749‐1849):
• Scale adjusted to Wolf’s observations

Primary Wolf observations (1849‐1893): 
• Standard 83mm refractor
• Small 43mm travel telescopes

Zürich period (1893‐1980): 
• New counting method: 0.6 factor
• 1955: Zürich + Specola (Locarno) stations
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Sunspot Number: a composite series

Historical reconstruction (1749‐1849):
• Scale adjusted to Wolf’s observations

Primary Wolf observations (1849‐1893): 
• Standard 83mm refractor
• Small 43mm travel telescopes

Zürich period (1893‐1980): 
• New counting method: 0.6 factor
• 1955: Zürich + Specola (Locarno) stations

Brussels period (1981‐now): 
• Statistics over worldwide network
• New pilot station: Specola (Locarno)

7/10/2014 Solar Metrology, Paris 5



Group sunspot number: a recent construction
• New larger data set back to 1610 (Hoyt & Schatten 1998):
• Group counts only: 

– lower dependency on evolution of optical quality of telescopes (mainly
before 19th century)

• Built as a single series
• Commonly used for long‐term reconstructions of solar irradiance and 

cosmogenic isotopes (e.g. Hathaway et al. 2002, Solanki and Krivova 2004, Wang et al. 2005, 
Krivova et al. 2007, Vieira et al. 2011, Shapiro et al. 2011 and Owens and Lockwood 2012)

• Special non‐visual scaling reference:  RGO photographic catalogue
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SN and GN: major discrepancies
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Sunspot Number Workshops and community
• Goals:

– Diagnose inhomogeneities and biases in the SN and GN series
– Exploit all currently available sunspot data
– Can the SN and GN be fully reconciled?
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• Coordinators:  E.W.Cliver, 
F. Clette, L. Svalgaard

• ~40 researchers involved
(by invitation)

• 4 past workshops: 
– NSO, Sac. Peak, Sept. 2011
– ROB, Brussels, May 2012
– NSO, Tucson, Jan. 2013
– Specola, Locarno, May 2014

• Next workshop: 
– Boulder, USA, April 2015



Metrological approach
• Absolute index: 

– No use of any external calibration reference:
• Only indirect indices (geomagnetic indices, cosmogenic isotopes)
• Subject to additional disturbing factors (Earth magnetism, deposition
processes)

– Parallel data series are used only for final validation
• Base data:

– Exclusively direct sunspot counts (tables, drawings)
– Original documents (ancillary data):

• Instrument and method descriptions
• Indications of changes

– Re‐counting (statistical tests, effect of a change of method)
• Equivalent to other absolute measurements:

– Accuracy: based on a model of the measuring process
– Precision: random errors in sunspot counts = Poisson statistics

(equivalent to photon shot noise)
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The 1880‐1915 « Greenwich » trend (GN)
• All values before 1880 are 40% lower than the SN
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The 1880‐1915 « Greenwich » trend (GN)
• Ratio of the RGO group count 

relative to parallel visual observers
(Svalgaard 2012 ,Vaquero 2013)

• Ratio increases by ~40% over 
1880 – 1915

• Indications of changes in the early
RGO data set (Willis et al, 2013):
– Photographic plate type
– Measuring method
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Vaquero, SSN Workshop,  2013

Svalgaard, 2012

the RZ-Rg discrepancy is due to an underestimate of Rg before 1880



GN: a full reconstruction

• Same base visual data as Hoyt&Schatten before 20th century
• Visual group counts for the 20th century, instead of the RGO GN
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Backbone  observer Time interval

Staudach 1749 ‐ 1798

Schwabe 1794 ‐ 1883

Wolfer 1841 ‐ 1944

Koyama 1916 ‐ 2014

• New cross‐calibration 
strategy: long‐duration 
“backbone” observers 
(Svalgaard 2013)
– 4 sequences of simultaneous 

observers with mutual overlap



The 1947 « Waldmeier » jump (SN)
• Sharp jump around 1947 : ratio Rg/RZ decreases by ~15‐20%
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The 1947 « Waldmeier » jump (SN)
• Jump in SSN confirmed by 

different cross‐comparisons:

– long‐duration stations (e.g. 
Madrid) (Vaquero 2012)

– Sunspot area (RGO) (Svalgaard
2012)

• No indications of changes in 
the RGO data around 1940‐50

• Change in the SSN scale
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Vaquero, SSN Workshop,  2012

Svalgaard, SSN Workshop, 2012

Madrid SSN

SSN ‐ NG

RGO sunspot area

Svalgaard,  2012



The 1947 « Waldmeier » jump (SN)
• Sunspot weighting (introduced by M. 

Waldmeier around 1947): 
– Large spots with penumbrae counted as 

2, 3, 4 or 5 according to size.
• Specola station (Locarno) trained to the 
method (1955):            Still in use !
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• Blind test (2008 – 2014): 
double counting by Marco 
Cagnotti

– Ratio Ww / Wu = ~1.16

Ww

WuSvalgaard,  2011

4

9 = 3x3

6 =3x1+3



The 1980‐2014 « Specola » drifts (SN)
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• All raw observations are preserved in the SILSO database :
– 541000 values

• Full recalculation in progress
– Broad choice of possible alternate scaling references

• Drift of the main 
Specola observer 
versus the average
of all long‐duration 
stations in the SIDC‐
SILSO network:
– Amplitude: 20%
– Two reversals
– Starts only in 

1981 (end of the 
Zürich reference)



The 1980‐2014 « Specola » drifts (SN)
• All k coefficients vs time before correction
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The 1980‐2014 « Specola » drifts (SN)
• After correction based on a multi‐station average reference
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Other investigated corrections
• The 1975 RGO‐SOON jump (GN): group number

reconstruction
– 10% jump
– Change of GN data set in Hoyt & Schatten 1998

• Remaining uncertainties in the early sunspot data:
– The 1790‐1799 gap: « missing cycle 4» ?

(Usoskin et al. 2001, 2009, Zolotova & Ponyavin 2011)

– The 1740‐1749 gap (Usoskin 2003, Vaquero 2007, Vaquero & Trigo 2014)
– Maunder Minimum: overestimated data coverage by H&S (Clette

et al. 2014)

– Early 17th century: difficult data interpretation
• Weaker cycle before onset of Maunder Minimum (Vaquero et al. 2011)

• Work still in progress
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Combining all main corrections: early preview
• aa
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Combining all main corrections: early preview
• aa
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Clette, Svalgaard, Vaquero, Cliver, 2014
Space Science Reviews, Aug. 2014, Springer Online First , 69 pages

DOI 10.1007/s11214‐014‐0074‐2
Arxiv: http://arxiv.org/abs/1407.3231



Combining all main corrections: early preview
• aa
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RGO trend
SN 

weighting

RGO/
SOON

Specola
drift

Clette, Svalgaard, Vaquero, Cliver, 2014
Space Science Reviews, Aug. 2014, Springer Online First , 69 pages

DOI 10.1007/s11214‐014‐0074‐2
Arxiv: http://arxiv.org/abs/1407.3231



Implications: recent cycles
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• Cycle 23 discrepancy between Ri and F10.7 is partly eliminated

• F10.7 still deviates significantly after 2002 !



Global scale‐dependent decline
• True global change in 

sunspot properties

• Supported by parallel
studies:

– Scale‐dependant small‐
spot deficit in cycle 23
(Lefèvre & Clette 2011 2012, Kilcik

et al. 2011, Nagovitsyn 2012)

– Global decline of core
magnetic fields in sunspot
umbrae (Livingston & Penn 2009, 
2012; Penn & Livingston 2006)
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Lefèvre & Clette 2011

Livingston et al.  2012



A variable number of spots/group
• Reconstructed GN series (SILSO, SONNE):
• Changing Ri/RG ratio :

– Stable over cycles 19 to 22
– Decline in cycle 23 and 24

• Decrease of the average number of spots 
per group by ~30%

• Apparent secular variations of the number
of spots per group: increase for stronger
cycles  (Tlatov 2013, Nagovitsyn et al. 2012)
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SONNE SSN

Locarno SSN
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Implications: long‐term (preview)

• Corrected SN & 
GN series agree

• Secular trend is
largely eliminated
< 5% / century
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Trend +15%/century Trend +40%/century
SN correction:  SN /1.20 after 1947  GN correction: GN * 1.37 before 1880

Soon after the Maunder Minimum, solar activity was similar to present levels



Conclusions and prospects
• First modernization of the sunspot number since its creation (1849)
• Release of new SN and GN series in spring 2015:

– Numbered and documented versions (open to future improvements)
– With uncertainties (standard error)

• Simultaneous changes in SN data products (New SILSO Web site 
since 2013)

• New conventions:
– Removing the 0.6 Zürich factor
– Intermediate mean SN values possible between 0 and 11

• All SN‐based models and studies need to be redone!
– Past conclusions may need revision: 

e.g. concept of a Grand Maximum in the 20th century is questioned
(Solanki et al. 2004, Abreu et al. 2008, Usoskin et al. 2012, 2014)

• Digitisation of historical sunspot data 
= key to future progress in solar cycle studies
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For the latest information, please visit …

7/10/2014 Solar Metrology, Paris 28

Sunspot Workshops
Historical Archive of Sunspot Observations
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Open solar flux from geomagnetic indices: latest update 

• Similar conclusions: recent open magnetic field reconstructions show 
no clear trend over last 180 years (Lockwood, Living Reviews SP, 9/2013)
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Long‐term integration: a moderate Modern Maximum ?

• Time‐integrated responses to the solar input:
– Cosmogenic isotopes: deposition processes (ice, sediments)
– Earth climate: thermal inertia of oceans

• Gaussian Running mean over 22 years (2 solar cycles):
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Original series
Ratio Max cycles 3‐19 = 1.27
Ratio 22‐yr envelope = 1.30

Corrected series
Ratio Max cycles 3‐19 = 1.08
Ratio 22‐yr envelope = 1.17

The clustering of high 
solar cycles reduces
the time-integrated
effects of the 
corrections by 50%



Multiple new SN series: other pilot stations
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First run: only
single stations 
with long duration 
> 25 years

Ratio: all new 
series show the 
same « S » drift vs 
LO

Largest differences
in 2000 ‐ 2004



Multiple new SN series vs NY (Nijmegen)
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Main differences:
• Cycle 23 raised: 

Cycles 22 and 23 
have almost the 
same maximum 
activity

• Double maximum: 
Second peak raised
versus first peak
(peaks equal or 
second peak higher
in cycle 23)

No more trend for all 
series.

Only the orginal Ri and 
the new Locarno‐based
SN deviate
systematically in the 
same way



Boulder sunspot Number: same trends
• aa
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D. Biesecker, 1st SSN Workshop, 2011


