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Spatio-temporal distribution of sunspots: has it always been like this?

eeee——
90N SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) B>00% W>0.1% [ >1.0%
30N : . - " { ' ’ J l ] 8
#’ | AL ) ' 2| §
BQ [l L L b : v Ll ) : 3
br" s ) ' ! : ,' ‘ ! ‘ =
! . ) ; . { ! g
308 - {1 ! i/ S
’ v ! » ) | ') ‘.‘ . | I
208 , : !
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
DATE
90- -
— ' ' .
o
IRTy] NS SN S — 1 = SE— : L
8 75 ' i U5l ~
E = ™ . J?_l l' ] 08’
S R S S TR 3 R S
2 R B -,I%% ' i ! i | =
% . . ’\ ~ | <
— -304 e S
-90 ............. bttt : 2 S NS (IS e —_1
1680 1700 1720 1740 1760 1800

Time (year)
Different drawing style starting

in the end of 1768

Weiss and Tobias (2016)



Archives of the Eimmart observatory

Ine second iehest srpol dalasetcovoring e - oo oo
of the solar disk reported by eight observers: ‘é :O . Ch '.;.,'
Petrus Saxonius, 5-27 March 1616; 5 : ) g - .~
Johann Wurzelbau, 11-12 June 1684; 8 10 2 g -k P S ’
Georg Eimmart, 2—8 July 1684: g- L 2
Johann Hoffmann, 26 May—16 July 1703; T

Maria Eimmart, 30—-31 May and 9 July 1703; e o “ pate o e

Eustachio Manfredi, 28 May—-29 June 1703;

Johann Heinrich Muller, short series in 1705-1709; :

Johann Christoph Miiller, April 1719-May 1720. =5 =05
=

Instruments:

Eimmart’s observatory: telescopes (length 16, 12,
and 10 foot, no information on the aperture),
astronomical (pendulum) clocks, cameras

obscuras, helioscopium, and machina helioscopia;

J. Chr. Muller: telescope length 7 foot, lens
diameter of 3—4 cm, magnification of 30—60.
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Are there very long-lived sunspots?

Spoerer (1889): Cassini observed a sunspot during three rotations from May to July 1684 at latitude of —10".

Kirch: the sunspot is large and might possibly live four solar rotations.

Neuhauser
et al. (2018)

6 May 1684

\
11—-12 June 1684

‘i
i/ B = —9° L = 260-280°
B=—20" L= 40°

-

2—-8 July 1684

-

— \-..

B=-11.2°L=280°

= y
-] < 2 © ()
© © © ©| o © © =2 ©
- Q © o © o © o V¥ o J 6 ® T ¥ g =« 5 9 =
0 5 @ © ST S @ © a9 Jg -~ K2 5k 5 0~ = - ©
© ~ 0 - [PoR—. I o T, o — N cc & - 9= w o | -
= 5 S > S F &3 =9 o- §55 5555 5 ¢ = = c
T ®© © © T © © d < o O g 55 5 3 33 3 3 3 3 E
== = = = = = = = = 35 WD O S — N - < 3
€8 & & 8 % & 838 & ®- Tel ol ShS 1S ¥ ¢ & &
—
o ¢ o o
o5 > o o o ® P "B K] Y $ (4 .ﬂ o @ o e
® @ @ @& @ @ 0 ® Y © ® ® ®
%) %) 0 0+~ 0 [15) b ntd 0 0 o
b < ~ ¥ - = © % - N < 2 0 Q
< © © © © N ~ ~ ™~ o ~ R T = =
— - - I - - — = = . - [eo] N~ N~
R > > 5= c - 5 S o c = - E E
> © ] © © =] c 5 ] S =] 5 c c c
3 = = == - = I - = S = 3 5 5
2 o o -~ rl o - -
© N ® 2R3 o N o & N 0 ©
& a 1Y

L=270.5

Long-liv sunspots = ni = AT — Ap/AuT

L= 274"

27 Jun, 8:45 @}

© ©
Q 2 &t
- - K
c c c
S S S
el =
~ o D
q aq N

(]

®0 o
pald
ToRRTo S
~ 1o =
- — c
c . 3
S c D

= 3

o D

AN ©

N

but Greenwich Ap/Au = Maund min Ap/Ag



Spotless days of 1677—-1704

Hoyt & Schatten (1998): G. Eimmart in
1677—-1704 a lot of spotless days

Carrasco et al., Clette et al., Hayakawa
et al., Vaquero et al.: spotless days have
been frequently derived from common
mention on an absence of sunspots for
some period or solar altitude
observations

The majority of the observations by the
Eimmart observatory were primarily for
astrometric purposes rather than aimed
at counting sunspots. These reports
should not be interpreted as spotless
days

https://geo.phys.spbu.ru/~ned



Sunspot counting vs astrometric measurements

6 \ \ . . .
La Hire (Hoyt & Schatten) Observations by La Hire might be |
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Fig. 1. Suaspot drawings by La Hire

Ribes & Nesme-Ribes (1993): any sunspot
as large as 1” could not be missed with
the Parisian telescopes
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Where's the data, Lebowski?

Hoyt & Schatten (1998): only tabular database

Observations by F. von Hagen of 1739—-1751
of which Wolf said they are stored in Pulkovo
observatory — LOST

Archives of Ribes and Nesme-Ribes (1993) —
LOST, there is only picture and a machine-
readable catalogue by Vaquero et al. (2015)

Clette et al. (2023): Zurich archives between
1919 and 1944 — LOST

. W Wolf, Mitthellungen Wder die Sennenllechen

1838 Jan. 9 Apesl 23; Nov. 28, Dex. 14

1833 Jam, 91; Febr. 24; Mirz 16; Apnl 5. 28; Jund 16. Aug
13; Oct. 17, 18; Dez. 21

1836 Juns 6; Nov, 2, 19, 28, Dez, 1, 2%

1837 Jan. 5. 0, 9. 12 13 14 19, 26 27; Oct. 17, 38; Nov
8 9 2 38 2, Dez. 11, 20, 21, 8, 31,

1838 Jan, 1, 12, 31; Nov. 6 21; Dez. 11

Dagegen ohne Flecken:

1838 Fobr, 23; Ot 19

1858 Jan. 30, Febr. 21; Mal 9; Juns 20, Aug. 3, Sepl. 4. 5,
Oct. 10, Nov. 18, 15, 16, Der b, 12

1836 Jan, 2; .\[(ll 5. Nov, 83; Dez. 16

1837 April 27.
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Open catalog of historical sunspot drawings

@ Sunspots from the past

Abot  Mettoss 0 Ormwings  Owa

Cataloge of sunspot data extracted from historical drawings

This project & aimed to provide open access 1o historical sunspot drawings. We want to make the

procesEng procedure transparent and cpen for cormection, For instance, the separation of
SNSPOLs IO Groups IS & nos-trivial task. Also, different approaches amed to compensate the
wncertainty of sunspot drawing result in discrepancy of sunspot positions defined Dy various
reseacchers. Assigning different criteris for the Bowndary of an cbiject (surspot, umbra, perumia,
ot ) also rescit in & different ares of this oject. For the benefit of an open dicussion, here we
descride our technigue and post the processed drawings.

Updates
The data cbtaned can be revised taking iInto account gradually emenging new information, for
example, comparizons of obsarvations of » All changes will be Ssplayed here,

D e L ———

https://geo.phys.spbu.ru/~ned



Open catalog of historical sunspot drawings

@ Sunspots from the past

Aboet Metrocs Orawegs Data
Calendar
Cataloge of sunsj ed from historical drawings

This project s aimed Lo provide open access 1o historical suripot deawings. We want to make the ———
processing peocedure trarsparent and open for correction. For iratance, the separation of SR TTEIT==
SUNSpOts Into groups Is & non-trivial task, Also, diferent approaches aimed to compensate the can

uncertainty of sunspot drawing result In dscrepancy of sunspot positions defined by various
researchers. Assigaing different criteria for the boundary of an object (surdpot, umbra, penumbes,
1) also result in a different ared of tis object. For the benefit of an open discussion, here we
describe our techaigue and post the processed dramings,

Updates
The data cbtained can be revised taking nto account gradually emerging new information, for
example, comparnons of observations of poracies, AN changes will te Ssplayed here,
 bmetmcen
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Open catalog of historical sunspot drawings

@ Sunspots from the past

About Mettosa Drawings Data

Calondar
Cataloge of sunsj 'ed from historical drawings

Ovservers
This project is amed Lo provide open sccess Lo hatorcal sunspot drawings. We want 1o make the I
processing procedure trarsparest and open for correction. For instasce, the separation of T e . o s s e
SUNSpOts Into Qroups Is @ non-trivial task. Also, dierent approaches aimed to compensate the Sapmogusis Arens aned Helingraphie Positbune
uncertainty of sunspot drawing ressit In dacrepancy of senspot positions defined by various o the Dvawings Made by Galbeo Gl
researchers. Assigaing dfferent criteria for the boundary of an cbiject (sunspot, umbes, pesumbes, = 1602
€0C.) a0 result In 3 different ared of this cbject. For the benefit of an cpen Giscussion, here we -":::—"——
describe our techmigue and post the processed drawings. b~ ——— — N — ———
Updates T
The data cbtained can Be revised taking nto account gradudily emerging new information, for —_— == o

example, Comparsons of observations of contemporaries. All changes will be displayed here,

https://geo.phys.spbu.ru/~ned



Open catalog of historical sunspot drawings

Sunspots from the past
At Medoss Drawirgs Owa
Calendar
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Moy 101 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Open catalog of historical sunspot drawings

Sunspots from the past

Abot Mat~0ia Drawings Data

06 Aug 1612 <-- 10 Aug 1612 --> 12 Aug 1612

Thomas Marriot

Original note:

Svon. Xy, J1. Vienus. bo, 5 174, (5 1/2. mane

SOMNE Jomenhal fo Drght. ThICK syer only no misd, nor doudes
4 50005 in all. 3 of & greater sort. 1 of 3 sall & ave,

Growp Area
(G) (msh)

148 1856
-~ 152 195
L _ 153 6

Method I Method II

Positions of indvidual sunspots are n Data

Method 1 Methed 11X

Group Lt Long Lat Long
(G) (deg) (deg) (deg) (deg)

148 20.51 269.14 17.69 67 48

152 16.06 22798 17.19 2494
153 21.38 183.27 20.08 180.01



Open catalog of historical sunspot drawings

Sunspots from the past
About Methods Drawings Data

10 Aug 1612 <-- 12Aug1612 --> 14Aug1612

Thomas Harriot

Original note:

Syon. August. 2. Sun. bo. § 172, (5§ mane.
sonne somewhat 20 Sright. Thick ayer only.

13 spots in ab,

The 4 nerest the edge not 50 DNack as the rest.

[ Lamal® e — ~— Group Area
i (6)  (msh)
-
152 535
- 15 112
= — 154 )
e 158 607
| 156 944
| 157 104
B o / 158 174
- e
- T
—_ J
,"/
Method I Method 1T

Positions of Individaal surspots are in Dals

Method 1 Method 11

Group Lat Long Lat Long
(G) (deg) (deg) (deg) (Seg)

152 -12.57 2241 1568 22094
153 -19.29 179.15 -19.12 17524
154 -10.37 1272 -12.76 205.6
155 .27 138,54 1028 12672
156 PLE 10787 8.2 10622
157 10.83 147 .46 13.27 14593
158 14.13 1w «10.18 117.18



Open catalog of historical sunspot drawings

Sunspots from the past

12 Aug 1612 <-- 14Aug1612 --> 17 Aug 1612

Thomas Harriot

Original note

Syon. Avgust. 4. Mars. ho, 5. (5 1/2 mane

Thick ayer only,

16 3p08s iy X

The 2 uppermaost of the S, smal dim & intereminace(?)

The long spet neve the Imbe long & vevy dvm, & terminate. The next akso not black & somewhat
nterminale.

- Group Area
N (G)  (msh)
' 152 )
\ 155 510
f 156 1001
| o= 157 278
\ —— 158 01
— g
- . . 159 a9
N . /
\"= - = 160 1246
) h\.': —— /
4 "'. o
Method I Method II

Positions of Individual sunspots are in Dala

Method 1 Method 11

Group Lat Long Lat Long
(G) (dog) (deg) (deg) (deg)

152 *12.74 22453 1818 22136
155 55 13967 6.94 137.66
156 20,55 103 2501 101.9
157 10,12 14344 1116 141 89

158 -15.44 1208 -12.2 11702
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Open catalog of historical sunspot drawings

Sunspots from the past

12 Aug 1612 <-- 14Aug1612 --> 17 Aug 1612

Thomas Harriot

Original note

Syon. Avgust. 4. Mars. ho, 5. (5 1/2 mane

Thick ayer only,

16 3p08s iy X

The 2 uppermaost of the S, smal dim & intereminace(?)

The long spet neve the Imbe long & vevy dvm, & terminate. The next akso not black & somewhat
nterminale.

- Group Area
N (G)  (msh)
' 152 )
\ 155 510
f 156 1001
| o= 157 278
\ —— 158 01
— g
- . . 159 a9
N . /
\"= - = 160 1246
) h\.': —— /
4 "'. o
Method I Method II

Positions of Individual sunspots are in Dala

Method 1 Method 11

Group Lat Long Lat Long
(G) (dog) (deg) (deg) (deg)

152 *12.74 22453 1818 22136
155 55 13967 6.94 137.66
156 20,55 103 2501 101.9
157 10,12 14344 1116 141 89

158 -15.44 1208 -12.2 11702



Open catalog of historical sunspot drawings

Harriot
14 Aug 1612
05:30 UT

« the intensity-weighted sunspot position




Open catalog of historical sunspot drawings

Sunspots from the past

12 Aug 1612 <-- 14Aug1612 --> 17 Aug 1612

Thomas Harriot

Original note

Syon. Avgust. 4. Mars. ho, 5. (5 1/2 mane

Thick ayer only,

16 3p08s iy X

The 2 uppermaost of the S, smal dim & intereminace(?)

The long spet neve the Imbe long & vevy dvm, & terminate. The next akso not black & somewhat
nterminale.

- Group Area
N (G)  (msh)
' 152 )
\ 155 510
f 156 1001
| o= 157 278
\ —— 158 01
— g
- . . 159 a9
N . /
\"= - = 160 1246
) h\.': —— /
4 "'. o
Method I Method II

Positions of Individual sunspots are in Dala

Method 1 Method 11

Group Lat Long Lat Long
(G) (dog) (deg) (deg) (deg)

152 *12.74 22453 1818 22136
155 55 13967 6.94 137.66
156 20,55 103 2501 101.9
157 10,12 14344 1116 141 89

158 -15.44 1208 -12.2 11702



Open catalog of historical sunspot drawings

Sunspots from the past

Aot Mehods = Drawings  Dob

Sunspot data

To define surspot positions, we applied two methods (see Melocsordinates). Both of them only
optimize latitudes of sumpots, omitting their longitudinal displacement. The fint one (Methed 1)
exploits the time of cbservation provided by the obderver. Another method (Method 1) to

SUNSpot pasitions does Not take Into account time of cbservation. Its goal is to minimze the
cumulative latRude Gispersion of sunspots,

The question arties: the results of which method are more relevant? Both methods have
their advantages, nevertheless, in generdl, we would recommend exploiting both sunspot latudes
and longtudes from Method 1. Method [ tself Is not aimed %o precisely define the time of
chservation, but gives the best image rotation to define an average pikture of surpot postions.
Results of Method [ became more relevant comparing Lo these of Method |, ¥ they were derived
from small schematic drawings or in the case of large uncertainties, e.9. ¥ the drawings were
made without 3 projection apparatus, in these cases, sunspot data should be taken with extreme
care.

Obsarver Data Raference
Thomas Marrict
18 Dec 1610 - 28 Jan 1613 Metrod I Methed It o VAL 2020
Lodovico Cardi known as Ogeoll
18 Febr « 23 Mac, 29 Apr « 6 May Method 1 Method 1L oN WAZ, 2021
18-25 Aug 1612
Galdeo Gablel
12 Febr = 3 May 1612 Method 1 Method 1L onN VAZ, 2021
19-21 Avg 1612
Galdeo Gablel
3-11 May, 2 Jun - 8 Jul 1612 Heewd Il G vz, 2018

& Cologna

ey gyt Method 1 Meshod It aN VAZ, 2024
Fabéo Colenna
1 Aug - 30 Sept 1613, 3 Oct 1614; Method 1 Method II WAZ, 2021
Christoph Scheiner § Aug 1613
Petrus Sawonius
oy Meshod 1t vz, 202
Paerre Gassendl
1633 - 1638 Method 11 N vz, 2018

https:/geo.phys.spbu.ru/~ned
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Open catalog of historical sunspot drawings

Bunspot positions and areas from cbeervatioss by Thomas Barriot defined by Vokhmyanis, Arit, asd Iolotova (ia Selar Physles 2930, v, 395139 httpe://del .org/l0.1007/011297-020-01604-4)

Method Ir senspot positions are defined according to the tise of cheervation reported be Barriot (tise 1).

e oonpgensate for possible Laasourasies in the Line measuresent the seventessth oentery, v latrodeosd & window of oo hour (++2.5 hawr arcund sise 1) we 4lso add senrise-sunset Linits) inside of
viich wo misinize the difference betweesn a susspot latitude on a glveas day and the average latitude of this cbject over the preceding drawings (first rua) and over scheequest drawings (secosd rus).
Afvar several lterations and calowlation of & wighad sean of Lhese 1w Mt , vo detarnine W0 roLMion angle (Ro4) of sadh Laage. Tretisely, wo find e arientation of e pAar anis (e amgle
betwees solar axis and seaith direction) which Ls Bot = P - g, vhare 7 is the position angle of the nocrthern extremity of the solar rotation axis seascred sastwards from the sorth podnt of the solar
dise, q is the paralliactic anqgle (e angle from the north celestial pole, not from the senlth) . Fisally, these paraseters specify the Lotal thse (BN and NI) of the chearvation and other ephameris,
wviich in turn defise susspot hellcocordisates.

Commonly, the procedure is the same a8 ia Method II, but dere the retaticn of isages ware limited in resge of +<0.5 hour arcund Barriot s tise of obearvation (tise 1).

Draw = anber of drawing 2000rding 10 Barvion™ s namaration)
Place - location of cbeervation;

YIYY = Year;

M -~ Mooth)

DD « Day;

HE -~ UT Nour (Tise of cbessrvation defined by ws))

NI« Misute (Tise of cbeervation defined by ms);

G = Nbitrary vasbar of & susspot group)

Sp - Arbitrary sssber of a sunspot;

BAD.00 ~ Ballographie lanivude. Seutharn latitedes are segative;
BLL.LL -~ Beliographic longitede in the Carringtos rotatios frame;
B8 = Bellogrephle Lativede of apparest dish center;

0 - Nelicographic loagitode of appareat disk ceater)

P « Position angle;

Ret -~ Botation angle of solar Lsage in x-y plane)

q = Parallactic angle;

ALS = Altiveds)

Azm - Axisuth;

Ares = Area Ia niliiomias of e solar hanlsphare (b))

alpha -~ angeular distance on the surface of the Sca from the ceater of the diak to the cbject;
thee 1 tise 2 and tise ) « Thee of observation noted by Barrie

Piace Y Lo - 10 thae 1 shee 2 v time )
Syon 1610 12 . . . 210,14 3 Alt 7-8 manre
Syos isie 12 . . -3 18,18 . ALt 7<% mare
Syon 1610 12 . . 210,14 .3 . Alt 7-8 mare

Syos 1611 1 aan Nax Sarvicon
obsarved, bet did sot sav spots

Syoe 1611 12
Syoe 1631 12
Syos 1611 12

Syon 1611 12 1)
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Why do we need an open catalog of historical sunspot drawings?
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Conclusions

We reconstruct numbers, areas (umbra and penumbra) and positions of
individual sunspots and their groups in the 17th century. An open catalog
of historical sunspot drawings may be helpful for the sunspot-number
recalibration effort.

The majority of the observations by the Eimmart Observatory were
primarily for astrometric purposes (like solar altitude measurements)
rather than aimed at counting sunspots. The same is suggested for the
observations by La Hire in Paris.

Long-living sunspots apparently were an activity nests or magnetic activity
complex, where new magnetic flux emerges near a pre-existing active
region.

The spatio-temporal distribution of sunspots is gradually reconstructed.
The butterfly pattern is persisted in the 17th century.
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