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1. Introduction

Solar Cycle Amplitude (SCA) and Solar Cycle Length (SCL) in historical times
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Vaquero et al. (2012) Solar Phys., in press

Solar activity proxies during the period 1000-1300: TSI reconstructed by Steinhilber et al. (2009) (dashed black line) and by Vieira et
al. (2011) (continuous black line), annual number of naked-eye observations of sunspots (Vaquero et al., 2002) (blue line), and
annual number of auroral nights (Kfivsky & Pejml, 1988) (orange line). Black arrows are evenly spaced maxima of solar cycle derived
from our study. Arrows correspond to estimated maxima of solar cycle using naked-eye observations (blue) and auroral nights
(orange). Graphic inserted shows a histogram of the delays (in years) between the fitted and estimated maxima of solar cycle.




Active days, AD, are days
with sunspots reported on
the solar disc.

AD has been taken as a
reliable indicator of solar
activity, especially during
periods of minimum activity
(Maunder, 1922; Harvey
and White, 1999; Usoskin,
Mursula, and Kovaltsov,
2000, 2001, 2004).

In fact, an equivalent index
(inactive days with no
spots) was used by
Schwabe (1844) to
discover the solar cycle.
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Vaquero et al. (2012) Solar Phys. 277, 389

Relationship between GSN and AD for 1848-1995 from Hoyt & Schatten (1998). Polynomial fit (order 4)
Is shown for AD < 95% (blue line and points). Graphic inserted shows the same relationship during the

Maunder minimum. Black lines represent the theoretical values for an average observer with 1
(continuous), 2 (dashed), and 3 (dotted) groups for each active day.
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Vaquero et al. (2012) Solar Phys. 277, 389

Relationship between GSN and AD for all available data from Hoyt & Schatten (1998). Black line is the
polynomial fit of last Figure. The inset presents an enlarged version but restricted to values AD < 35%.
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3. Problems in historical records
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3. Problems in historical records

Advances in Space ch 40 | 20K 29941

Historical sunspot observations: A review

J.M. Vaquero

Abstract

or
thanks to vations of sunspots with tele “hese observation:
like the ptical flares, ¢

ords: Historical sunspot observation; Solar activity recon ion; Long-term change in the Sun

Lost original observations

Lost daily data

Observations not included in the database
Observations too vague, ambiguous or narrative style
Incomplete observations

References need to be re-checked
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3.1. Case studies (1) [published]: B‘Fﬁsle@Zf-.Z

(a) Onset of Maunder Minimum
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3.1. Case studies (I) [published]:
(b) Solar Cycle #-1
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3.2. Case studies (Il) [unpublished]: (a) 1652

Wolf, MiitheHlungen iiber die Sonnenflecken. 151

73) Gren, Neues Journal der Physik NUMBER OF SUNSPOT GROUPS FOR THE YEAR:
5 .
. ) AS OBSERVED BY: HEVELIUS, J., DANZIG
Band 3 enthilt einen Aufsalz von Murhard ilber Atmos- ’ !

phire der Sonne, des Mondes, etc. Feb Mar Apr
74) Johannis Hevelii Epistole II. Prior : De motu
lun@ libratorio ad J. B. Ricciolum. Posterior: De
utriusque Luminaris defectu A. 1654. ad P. Nuce-
rium. Gedeni 1654. fol. — _
Er erzihlt, dass bei der Sonnenfinsterniss am 12. August
1654 die Sonne ganz fleckenfrei gewesen sei.

75) Illustribus Viris, Petro Gassendo et Ismaeli
Bullialdo, Johannis Hevelius. —99
Acht, »Gedani 1652 die 10. Julii, st. n.a datirte Folioseiten -99
iiber die Sonnenfinsterniss vom 8. April 1652. Er erzihlt, -99
dass er am 1. April 5 Flecken, am 3. noch 2 gesehen habe, -99
die aber am 6. in Fackeln degenerirt seien, so dass man am -99

7. und 8. April gar nichts in der Sonne gesehen habe. _gg

76) Observationes Astronomice Annis 1781-1783 -99
in Observatorio Havniensi. Auctore Thoma Bugge. -99
Havniz 1784. 4. : -99

Enthilt nichts ither Sonnenflecken. :gg

77) Observationes siderum habite Pisis Annis -99
1778—1782. Edit. Jos. Slop de Cadenberg. Pisis -99
1789. 4. -99

Enthilt nichts iiber Sonnenflecken. :gg

)

78. Francisci Blanchini Observationes Astrono- -99
mice. Coll. Eustachii Manfredi. Veronz 1737. 4. -99 -99 -99 -99 -99 -99

Anno 1703 verfolgle er vom 20-29. Juni einen Flecken. _gg _gg _gg _gg _gg _gg
1707 April 2 spricht er von einem Flecken; Mai 5 und 6 sucht - B B B B B

R . . -99 -99 -99 -9%9 -99 -9¢g
er wiederholt Merkur in der Sonne, aber sagt nichts von Fle-

. A -99 -99 -99 -9%9 -99 -9¢g

cken. 1708 Septemb. 11 und 12 beobachtet er einen Flecken.
1715 April 28 bis Mai 4 verfolgt er einen Flecken; Mai 30 sah ~9.0 -9.0 -9.0 1.4 -9.0 -9.0 -9.0 -9.0 -9.0
er eine Fackel und am 31. zwei kleine Flecken bei derselben,
die er auch am 1. Juni noch sah, wihrend er am 2. wieder
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3.2. Case studies (ll) [unpublished]: (a) 1652 @BFUSLG@ZI?Z

PETRO GASSENDO,
&

ISMAELI BULLIALDO,
Philofophis ac Mathematicis
noltr fecull funumss , amu

e L s

 Acgs ita reftat amplids nihil, nifi quod admonendum in-:

' fuper cenfeo, durante hac Eclipfi,ut & tota ea die, nihil pror-:

' fus in Sole macularum apparuisfe; quanquam die 1. Aprilis,
hor4a 1. 45. in difco Solis quings vile fuerint maculz: duz qut-
dem debilisfima non procul a limbo orientali , dilutioribus
concomitantibus faculis umbrisGs 5 tres autem fats denfa, cir-,
¢a centrum, in laticudine Boreali. Ex quibus poftertoribus:
die 3. Aprilis tantam duz confpecta,quz die fexta in faculas:
penitus degeneravére; reliqua vero duz debiliores die 4.
omnino etiam funt ex{tin¢z.




3.2. Case studies (Il) [unpublished]: (b) 1741

NUMBER OF SUNSPOT GROUPS FOR THE YEAR: 1741

BER OF SUNSPOT GROUPS FOR THE TEAR: AS OBSERVED BY: WINTHROP, J., CAMBRIDGE, MA

AS OBSERVED BY: MUSANO, M., VENICE

-99

-99 -99

-99 -99

-99 -99

-99 -99

-99 -99

-99 -99 -99 -99 -99 -99 -99

-99 -99 -99 -99 -99 -99 -99

-99 -99  -99 -99  -99 -99 -99

17 -99 -99 -99 -99 -99 -98 -99
18 -99 -99 -99 -99 -99 -99 -99 -99
19 -99 -99 -99 -99 -99 -99 -99 -99

20 -99 -99 -99 -99 -99 -99 -99
21 -99 -99 -99 -99 -99 -98 -99 -99

22 -99 -99 -99 -99 -99 -99 -99
23 -99 -99 -99 -99 -99 -99 -99 -99
24 -99 -99 -99 -99 -99 -99 -99 -99
25 -99 -99 -99 -99 -99 -99 -99 -99
26 -99 -99 -99 -99 -99 -99 -99 -99
27 -99 -99 -99 -99 -99 -99 -99 -99
28 -99 -99 -99 -99 -99 -98 -99 -99
29 -99 -99 -99 -99 -99 -99 -99 -99 -99 -99 -99 -99 -99 —gg
30 -99 -99 -99 -99 -99 -99 -99 -99 -9 -9 -99 -99 -9§ -g9
31 -99 -99 -99 -99 -99 -99 -99 -99 -9 -99 -99 -99 -89 g9

I = == R e e e e L

means: -9.0 -9.0 -9.0 -9.0 -9.0 -9.0 -9.0 -9.0 -9.0 -9.0 -9.0
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3.2. Case studies (Il) [unpublished]: (b) 1741
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3.2. Case studies (Il) [unpublished]: (c) Weidler revisited
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3.2. Case studies (I1) [unpublished]: (c) Weidler revisited SBYUSSElS 2 -200%

NUMBER QF SUNSPOT GRQUPS FOR THE YEAR: 1728 44 ORSERVATIONES

AS OBSERVED BY: WEIDLER, J.F., WITTENBEERG I._"';'S " Barom, . Therm. Vent, " ; Tempeftas, Plunia .
Inlius | alc : alt, Cub,Lin
St.N. | Dig.Lin| Gr.

D.®l - 1

29. 6|17. 5|3 \\\i".N.\‘L’.Q' pluit lente "

] continvat pluu. ad h. 1.
53|31 5 W. 1 calignofum. pluit ~ - -
' S. 0. | nuobes tenues (parfae pluu.
5. W.3 | ferenum albae nub. pafiim plu.noét
idem. pluit h. 6. p. m.
W.N, W.i nubilofum pluit A -
IS. W. 1 [parfae nubes albae pluu, noct

plou. h. 8. a. m. - .

10 maculae 7. fub' @ maxima 3,
11 diam. folis par. flipata utrim
12 que paruis quatuor, quac fo-
13 tum tractim cui incumbeban
14 " obfcorum reddere-, et tdnam
15 maculam referre unidebantur.
16 nubilofum.
17 8 : 5. W. idem,
= i Pluuia M. lulii.
19
20 1, altit, max. ¥
-1 2, altit. min. ei.
2 3. altit. max, therm. 16
23 4. alrit. minim. ei. 48.

;g M. Auguftus. 1728.

26 ST 7 . W nubilofum. plun. no@.

27 “lior s, albae nubes (parfae. pluu. h.g,
28 - 7 nubilofum.

29 idem. pliitno&tu -

30 iterum h. 8. pluit. -

31 . caliginofum. tonat et plait
denuo pluit p. m. h. 3.
means: -9.0 -9.0 -9.0 7.3 2.5 -9.0 . - et h 4

W 0D =]y O s W




3.2. Case studies (Il) [unpublished]: (c) Weidler revisited

NUMBER OF SUNSPOT GROUPS FOR THE YEAR: 1728 METEOROLOGICAE,
AS OBSERVED BY: WEIDLER, J.F., WITTENBERG

Augult: *alt. alt.
StuN. ' Dig. | Gr
D.H. | Lin. | |
43 [N.W, 3 caliginofum,
L& T ferenum pluu. no&.
73 43;_ (N. Wiz | nubilofum. pluith. 1s. et 12
hor. 3. er’s.
8146 |“. nubilofum,
,{:49 |S W, ! idem. plait nocta
99 . ]401 - \]IV. 2 idem. pluit .
3(‘ N. W. 1 idem
0 99 40 S.W. 2 plait -
11 s ' 731323 '|SSWi5, caliginolum,
5 _99 31 |SSW. 1 idem. pluit. h.7.
= _99 S.\W.o caliginofum, pluu,nod.
12 5 SSW.1 nubilofum.
15 _g99 albac nubes fparfac.
16 _99 l“\ S.W. caliginofum.  pluic
17 _g9 \W S\x idem pluit h. i
18 4 idem pluit h. §.
19 -99 albae nubecs [parfae.
20 -99 idem c,
21 -99 . caliginofum, pluit h. 10, uefp.
22 -99 | 2 nubilofum,
23 -99 ferenum
24 -99 _ \ 3 idem. pluitp: m.
25 -99 6| 4. S. 0. ¢ alba€ nubes fparfae.
E & Rl o Lo
. (18 N, 0. ferenum
28 -99 -99 11, L 4 K. S. "W pluit’ lente
gg :gg :gg _ "caliginofum.
s oo &gl . " idem.
. 5.8 Vrenum. duae magnae maculae

means: -9.0 -9.0 -9.0 7.3 4.5 -9.0 2.5 -9.0 in fole fpeQatac - quacuis ,;
diam. folis.
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3.2. Case studies (I1) [unpublished]: (c) Weidler revisited SBYUSSElS 2 -200%

NUMBER OF SUNSPOT GROUPS FOR THE YEAR: 1728 46 OBSERVATIONES
AS OBSERVED BY: WEIDLER, J.F., WITTENBERG - oy

y72% ¢ |Barom. |Therm, | Vent. Tempeftas Plauis
Augults| alt. | alt . Cub.Lin
Sc. M. 'I)i;.Lin,l Gr, '

D. H|

albae nubes fpariae.
nubilofum
caliginofum.
{ferenum.

id. nubes uerfus occalum.
{erenum.

3% | | . idem albae nubes paffim.

-99 ; IN. O. idem.
caliginofum,
macula una ex iis.quae apparuere

W 0D =]y O s W

10 —-99

11 ~99 Sk G R e
12 _99 d.12, iam magnitudine (ic cre

13 -99 _ uit, ut 5 diam. (olis caperet.
14 5 . - 10 - . O i'cr_enum.

15 -99 - 30 @162 Lo !dem

16 —99 - _ _ i |.d. ,
17 -99 123 < |S: id. g -
18 4 ) | b IS, idem| atracnubes uerfus occa-
19 -99 . fum.

AL -99 |5 W nubilofum.

21 ~99 I dor 15V, pluit.

22 -99 2 |- 2 e iterum pluit -

Zs -99 6! . . W, ferenum.

24 -99 . m lapd . nubilofum pluit k. 1. et 2.

25 —99 | pluit_h. 6.

20 99 ; TW.S.W 3| nubes fparfae

27 99 . 8 W .N.W2| ferenum. albae nubes fparfac.
o —99 99 ; , [W.N.W.3|. nubes fparfae. pluit p. m,

o o W, 1 calignofuny.-pleit, h. 7,

30 -99 -99 4% 1 Y |\, nubilofgm. pluu, podt.
31 -99 -99 . _ - derh

nubilofpm. pluit h. 3.

means: -9.0 -9.0 -9.0 7.3 4.5 -5.0 2.5 -9.0 . -
pluir leniter -




3.2. Case studies (Il) [unpublished]: (d) Solar cycle #-2
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3.2. Case studies (II) [unpublished]: (d) Solar cycle #-2 @BYUS E@Zfz
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3.2. Case studies (1l) [unpublished]: (d) Solar cycle #-2 @BFUSLE@ZI-Z A -2
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4. Recovering "new" old data

4.1. Sunspot number: Madrid Observatory, Spain
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4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data

4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data

4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data
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4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data

4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data

4.1. Sunspot number: Madrid Observatory, Spain
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4. Recovering "new" old data
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4. Recovering "new" old data

4.1. Sunspot number: Lisbon Observatory, Portugal
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4. Recovering "new" old data
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4.1. Sunspot number: Lisbon Observatory, Portugal
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4. Recovering "new" old data

4.2. Sunspot area: Goodsell Observatory, Carleton College,
Northfield, Minnesota
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4. Recovering "new" old data

4.2. Sunspot area: Goodsell Observatory, Carleton College,

Northfield, Minnesota
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4. Recovering "new" old data

4.2. Sunspot area: Goodsell Observatory, Carleton College,
Northfield, Minnesota
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4. Recovering "new" old data

4.3. Sunspot positions

Cristo et al
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4. Recovering "new" old data

4.3. Sunspot positions: solar rotation 1847-1848

PLATE XIII.

1847,

& T om
Septemler 185 4 0 1. ML

[ T
Heplembey 22 11 10 A M.

F. Sdnchez-Bajo e al.

Table 1 Data of the sunspots used in this work. Column 1: day-month-year. Column 6 Numbers | and 2
indicate the top and bottom figures in each plate in Bond's (1871} publication. Column 7: The ordinal number
of the spot by Bond. Parenthesized are the spot labels used in this work to identify the different sunspots. The
asterisks to our spot No. 2 indicates that the sunspot was not clearly identified in the second and third days so
that the two nearby spots were used instead.

Date Hour Julian day Latimde  Longiwude  Plae ID Sunspot
(deg) b number

9122 min AM. 396017088 +9.85 CONIX 2(1
11 h 10 min AM. 396019163 +12.74 - NXXIX 2 I
11 h 0 min AM. 3960200156 41436 L XL 1 I
9h22min AM. 306017088 +11.86 - 4
11 h 10 min AM. 2396019.163 +13.42
11 h 10 min AM. 6019.163
11 h 0 min AM. 6020156
11 h0min AM. 2396020.156
9h 22 min AM. 396 017.088
11 h 10 min AM. 6019.163
11 h 0 min AM. 6 020,15 1
9h22 min AM. 2306017.088 +8.33 72.36 HNXXIX 1
1Th 10min AM.  2396019.163 +8.58 T NXAXIX 2
11 h 0 min AM. 06020156 4+ XL1
11 h 35 min AM. 306023194 - .28 XL2
11 h 0 min AM. 396026.156 - - XLI1
9h22min AM. 396017088 A7 70.97 NAXIX 1
11 h 10 min AM. 396 019.163 ] NXXIX 2
11 h 0 min AM. 306 020,156 X XL1
11 h 35 min AM. 396023194 . 5.7¢ XL2
11 h 0 min AM. 396026.156 ' +41.65 XLI1
9122 min AM. 396017088 23 18.07 XXXIX 1
11 h 10 min AM 396019163 5 HXNIX 2
396 020,156 3398 XL 1
min AM. 306023.194 +1. XL2
9 h22 min AM. 39601 8 76.36 MNXXIX 1
11 h 10 min AM. 6019.163
6020156
2396023.194
11 h 0 min AM 2306026.156
9 h 22 min AM. 396 017.088
11h 10 min AM. 396019.163
11 h 0 min AM. 396 020,156
11 h 35 min AM. 396023194
11 h 0 min AM. 306 026.156
0 h 43 min PM. 39603 9
-1-1848 11 h 30 min AM. 396038177
-1-1848 11 h 25 min AM. 396039174
-1-1848 0'h 45 min PM. 396037.229

‘EJ Springer
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4. Recovering "new" old data

4.3. Sunspot positions
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4. Recovering "new" old data

4.3. Sunspot positions

Vaquero et al. (2004) Solar Phys. 221, 179.
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Vaquero et al. (2005) The Observatory 125, 152. Time evolution of the umbra—-penumbra area ratio of sunspots.




4. Recovering "new" old data

4.3. Sunspot positions...
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5. Calibration constants and Wolf-Wolfer transition around 1880

5.1. The curious case of Madrid Observatory
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5. Calibration constants and Wolf-Wolfer transitil @Rw#@zﬁ

5.2. Royal Greenwich Observatory series is no-homogeneous
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5.2. Royal Greenwich Observatory series is no-homogeneous
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5. Calibration constants and Wolf-Wolfer transitl

5.2. Royal Greenwich Observatory series is no-homogeneous
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5. Calibration constants and Wolf-Wolfer transitil

5.3. Atoy-solar activity reconstruction
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5. Calibration constants and Wolf-Wolfer transitil
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5.3. Atoy-solar activity reconstruction
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6. Conclusions

6.1. We need more work to check and recover historical
data.

6.2. We need a library or archive that preserve all
historical information.

6.3. Reconciling ISN and GSN? We need a new
reconstruction (more data and new methodology).
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