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Historical sunspot data – Part I
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Solar cycle and “butterfly diagram”
– has it always been like this?
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Why do we care?

 Modern cycle show cycle-to-cycle variability
➢ They are constraining the underlying dynamo mechanism

 Period with entire absence of spots was observed
➢ Even stronger constraint for dynamo process
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Beyond sunspot numbers

 Sunspot positions:
 Latitudinal variation
 North-south asymmetry / phase lag
 Differential rotation

 Sunspot group properties
 Sunspot areas
 Group tilt angles
 Polarity separations
 Temporal evolution

Dynamo

Flux emergence



R. Arlt 55

 Visual observing 
drawing sunspots 
superior to photos

Greenwich photographs
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Gustav Spörer 1861–1894

 1861–1874 in Anklam, 1874–1894 in Potsdam (Germany)
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Spörer and Carrington
 Group drawings near passage of central meridian

Diercke et al. 
(2015)
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Spörer and Carrington

 Automated image 
processing / spot recognition

 Morphological operations 
'dilate' / 'erode' delete 
features in image

Diercke et al. 
(2015)
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Samuel Heinrich Schwabe, 1825-1868

S.H. Schwabe 1789-
1875, Dessau

Dessau

London
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Samuel Heinrich Schwabe, 1825-1868
~8500 drawings
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Schwabe's drawings
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Schwabe's discovery

 Suggests solar cycle 
periodic with 10-year 
period

 Wrote his article on 
31 Dec, 1843 for 
Astronomische Nachrichten
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Using JPL Horizons http://ssd.jpl.nasa.gov/horizons.cgi

Default view
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Using JPL Horizons http://ssd.jpl.nasa.gov/horizons.cgi
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Using JPL Horizons
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Using JPL Horizons – Table settings
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Using JPL Horizons – Table settings
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Using JPL Horizons
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Schwabe 1825-1867

1858 Mar 03

Erased spots
Pinholes 
from other 
circles
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Schwabe 1825-1867

 For 1100 drawings: rotational matching

1829 Feb 01 and 02
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Rotational matching

 Adopt given differential rotation of Sun (from spots)
 Say 2 drawings with n spots gives model with:

 2 unknown position angles of drawings
 n unknown latitudes
 n unknown longitudes
 Neglects proper motion of spots (typically < 0.1°)

 Use Bayesian inference for obtaining plausibility of 
model

 Advantage: full probability distribution of unknowns 
available → decide whether parameters/model are 
useful
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Rotational matching

 Resulting probability 
density distributions

Long 2Long 1

Long 3 Long 4

Lat 1 Lat 2

Lat 3 Lat 4

Pos 1 Pos 2

→ match rejected
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Schwabe 1825-1867

 Result:
YYYY MM DD HH MI T  L0     B0    CMD  LONG   LAT M Q  S GROUP    MEASURER                    DELTA  UMB P
---------------------------------------------------------------------------------------------------------
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4 10 10-0     dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  7 10-1     dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  8 12       dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  6 12       dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  7 15       dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  7 15       dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  7 15       dathe        -.-   -.-  -.-   NaN    -
1829 02 01 14 00 1 255.9  -6.2   NaN   NaN   NaN - 4  8 16       dathe        -.-   -.-  -.-   NaN    -

1829 02 02 12 00 1 243.9  -6.3  46.0 289.9  -5.1 H 3  7 10-0     dathe        -.-   -.-  -.-  45.8   15 !
1829 02 02 12 00 1 243.9  -6.3  48.5 292.4 -11.7 H 3  5 10-1     dathe        -.-   -.-  -.-  48.2    5 !
1829 02 02 12 00 1 243.9  -6.3  -7.0 236.9  13.5 H 3  7 12       dathe        -.-   -.-  -.-  21.0   14 !
1829 02 02 12 00 1 243.9  -6.3  -0.4 243.5  18.8 H 3  5 12       dathe        -.-   -.-  -.-  25.1    5 !
1829 02 02 12 00 1 243.9  -6.3 -13.3 230.6  12.9 H 3  2 12       dathe        -.-   -.-  -.-  23.3    1 !
1829 02 02 12 00 1 243.9  -6.3 -27.8 216.1 -26.1 H 3  7 15       dathe        -.-   -.-  -.-  33.1   14 !
1829 02 02 12 00 1 243.9  -6.3 -31.4 212.5 -19.9 H 3  8 15       dathe        -.-   -.-  -.-  33.4   22 !
1829 02 02 12 00 1 243.9  -6.3 -41.4 202.5 -22.1 H 3  8 15       dathe        -.-   -.-  -.-  43.0   23 !
1829 02 02 12 00 1 243.9  -6.3 -55.9 188.0 -26.1 H 3  7 16       dathe        -.-   -.-  -.-  56.7   16 !
1829 02 02 12 00 1 243.9  -6.3 -63.7 180.2 -26.3 H 3  4 16       dathe        -.-   -.-  -.-  63.7    4 !
1829 02 02 12 00 1 243.9  -6.3 -31.6 212.3 -21.4 H 3  3 15       dathe        -.-   -.-  -.-  34.1    2 !
1829 02 02 12 00 1 243.9  -6.3 -30.6 213.3 -21.2 H 3  3 15       dathe        -.-   -.-  -.-  33.2    2 !

Heliocentric 
distance 
from center

Umbral area in 
millionths of solar 
hemisphere 
(MSD)Positions 

discarded

Positions from 
different method
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Schwabe 1825-1867

 134,000 positions (Arlt et al. 2013), ~ 95,000 by Raisa Leussu, Oulu
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Schwabe

 Convert 12 size classes 
into physical size

 Statistical approach  
matching size distribution 
of modern data sets

 + direct comparison with 
2 months of high-precision 
observations by Sestini in 
1850

Senthamizh Pavai et al. (2015)
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Schwabe

 Set lower limit for histogram 
to 106 km2, because

 typical size of pores
 smallest spots 

corresponding to Sestini
 Schwabe's detection 

ability very high
 Study disk-centre distances 

<30º,  30º-60º,  60º-75º
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Senthamizh Pavai et al. (2015)
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Adams

 Stored at Royal 
Astronomical 
Society library

 Still on to-do list
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Honoré Flaugergues, ~1788-1830

 Several hundred sunspot observations
 Wolf’s interpretation of sunspot numbers correct
 Today in archives of the Paris Observatory library
 Mostly contact times:

"le bord du  al horaire 12 39 58
 la grande tache a l'oblique 12 40 22.5
 la petite tache a l'oblique     12 40 46
 la grande tache al horiare     12 41 21
 la petite tache al horaire      12 41 31
 le bord du soleil al horaire    12 42 09
 le letite tache al oblique       12 42 18
 le grande tache al oblique    12 42 22" ...yet to be analysed
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Honoré Flaugergues, ~1788-1830

Provided by Egor Illarionov

 Reconstruct spot 
position from transit 
times

 Example: horizontal 
alignment of cross-
hairs, oblique motion 
of Sun
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Provided by Egor Illarionov

 Reconstruct spot 
position from transit 
times

 Example: equatorial 
alignment if “hour” 
(vertical) line and 
oblique line

 But …  

Honoré Flaugergues
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Honoré Flaugergues, ~1788-1830

 … description indicates 
rhomb-shaped cross-
hairs, 
unclear when used.

 Also described by others

Flaugergues (1813)

Monteiro da Rocha (1808)
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Johan Caspar Staudacher, 1749-1799

 About 1000 drawings

 Apparently the only 
continuous observer 
in the 18th century

 Original stored in 
library of AIP
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Staudacher: Jun 24, 1778
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Staudacher

 Many positions were 
found by rotational 
matching

 Here: equator looks 
like parallel to 30-31

 But time difference 
less than 18 hours!

➔ Orientations of 
drawings different
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Staudacher

 Different drawing 
style starting in the 
end of 1768

 Here: 1768 Dec 04
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Ludovico Zucconi
1754-1760

 Much more precise 
than Staudacher

 Only a few years

 Analysis by Cristo, 
Vaquero & Sanchez-
Bajo (2011)
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Staudacher

 6200 positions, Arlt (2009)

Ludovico Zucconi
Cristo et al. (2011)
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Cycle 4: Long cycle or lost cycle?

 Cycle 4 unusually long, indications for hidden cycle

Based on Hoyt & Schatten (1998)

10
2

3
4

5  ...
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Hamilton and Gimingham

 Armagh Observatory 1795–1797
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Staudacher + observations at Armagh

 Indication in sunspot 
number very subtle

 But visible through 
latitude distributions

 Data by Flaugergues 
will be extremely 
valuable

➢ Project proposal for 
the summer 2014

Usoskin et al (2009)
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Staudacher – differential rotation

 Pairs of drawings

 Again Bayesian 

 Free parameters now:

 Sunspot positions

 Orientation of disks

 Time offset

 Differential rotation

 Recall: full knowledge 
of error margins



R. Arlt 43

Staudacher – differential rotation

 Full probability 
distribution for 
all combinations 
of parameters

 Integrated 
distribution 
gives “marginal 
distribution” for 
desired 
parameter

 Sun: -0.0501 /d
(Balthasar et al. 1986)

Arlt & Fröhlich (2012)
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 Split the period into two and see what 
happens
(Arlt & Fröhlich 2012)

Staudacher – differential rotation
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Grand minima in the  computer

 Differential rotation 
generated by 
convection zone

 Λ-effect theory based 
on rotating, stratified 
turbulence

 See papers by
Rüdiger, Kitchatinov, 
Küker

Vertical 
cross-
section 
through 
Sun

Angular 
velocity
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 Strong azimuthal fields at 
bottom of convection 
zone

 Taken as a measure for 
surface activity

 Flux rise to the surface 
not modelled

 Here: kinematic (no 
magnetic effect on flows)

Dynamo sketch
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Differential rotation in dynamo

Küker, Arlt, Rüdiger (1999), 
but also e.g. Tobias (1997), Bushby (2006)

 Solve mean-
field eq. for B 
and Ω(r,θ)

 Include back-
reaction on 
generation of 
diff. rotation

 Get maximum 
diff. rot after 
grand minimum

D
iff

. r
o

ta
tio

n

grand minimum normal cycle
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Hemispheric cycle phase
 Cycle of northern and southern hemisphere not in phase

Zolotova et al. (2010)
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?

Zolotova et al. (2010)

Hemispheric coupling important for dynamo
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See also Norton et al. (2014)
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