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Outline 

• Main changes in the Hoyt & Schatten Database 
– 17th century 

– 18th century 

• Recovering old data 
– Great observers 

– Sunspot positions 

– Solar diameter 

• Maunder Minimum 
– Reading original sources 

– Solar cycle signal? 
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Main changes in the database 

compiled by Hoyt and Schatten 

17th century 

18th century 
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Vaquero (2007) Adv. Spa. Res. 40, 929. 
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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. 

Vaquero et al. (2012) Solar Phys. 277, 389 
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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%. 

Vaquero et al. (2012) Solar Phys. 277, 389 

8 



Vaquero et al. (2011) ApJL 731, L24. 
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Hoyt & Schatten (1998)

This talk

Vaquero & Trigo (2013), in progress 

“Great Gap” 
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Important sunspot observers: the 

cases of D.E. Hadden (Alta, 

Iowa), Madrid Observatory, and 

Lisbon Observatory 

Carrasco et al. (2013) New Astronomy 25, 95 

Pérez-Aparicio et al. (2013), in progress 

(see posters) 

 

Vaquero et al. (2012) The Observatory 132, 376  
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Drawings of the full solar disc; A) 15 March 1895 B) 26 February 1895  

Detailed drawings of sunspot 

group observed from 8 to 14 

March 1898.  

Vaquero et al. (2012) The Observatory 132, 376. 



Recovering old data on 

sunspot positions 

Nogales & Vaquero (2013), in preparation 

Casas & Vaquero (2013), Solar Phys., in press 

Carrasco et al. (2013), in preparation 
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Carrington (1860) 

MNRAS 20, 71 
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Nogales & Vaquero (2013), 

 in progress 
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The sunspot catalogues of Carrington, Peters and de la Rue: quality control and 

readable-machine versions (Casas & Vaquero, 2013, Solar Phys., in press) 
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Arlt et al. (2013), MNRAS 
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Solar diameter in 18th century 

Ruiz-Lorenzo et al. (2013), in 

preparation 
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Mural quadrant by Bird (London) 

Cadiz Observatory had the same 

instrument and methodology used by 

Tobias Mayer in Göttingen 

Observatory (Wittmann, 1980, 1998).   
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1773-1776 

These 

observations are 

comparable to the 

ones done by 

Tobias Mayer at 

the same time, but 

the dispersion is 

higher. 

The observations 

performed 

between June and 

December 1776 

seem more 

reliable. 
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Maunder Minimum: consulting 

original sources 

Vaquero et al. (2013), in 

preparation 
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Sunspot record with 

measurement of solar 

meridian altitude 

Sunspot record without 

measuring solar 

meridian altitude 

No sunspot record with 

measurement of solar 

meridian altitude 

No sunspot record 

without measuring solar 

meridian altitude 

Be careful!!! 

Sunspot records are not associated with 

measurement of solar meridian altitude!!! 
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Year AD NAD AD%

1653 11 11 50.00

1654 3 1 75.00

1655 n.a. n.a. n.a.

1656 n.a. n.a. n.a.

1657 4 2 66.67

1658 0 2 0.00

1659 0 47 0.00

1660 28 30 48.28

1661 2 16 11.11

1662 n.a. n.a. n.a.

1663 0 7 0.00

1664 n.a. n.a. n.a.

1665 n.a. n.a. n.a.

1666 n.a. n.a. n.a.

1667 n.a. n.a. n.a.

1668 n.a. n.a. n.a.

1669 n.a. n.a. n.a.

1670 n.a. n.a. n.a.

1671 2 3 40.00

1672 n.a. n.a. n.a.

1673 n.a. n.a. n.a.

1674 n.a. n.a. n.a.

1675 0 2 0.00

Total: 50 121 29.24

1653-1663: 48 116 29.27

1659-1661: 30 93 24.39

AD%=24.39 

GSN≈3 

AD%=29.27 

GSN≈4 

Year H&S98

1653 0.9

1654 0.7

1655 0.5

1656 0.6

1657 0.2

1658 0

1659 0

1660 2

1661 0.8

1662 0

1663 0

GSN=0.9 

GSN=0.5 

The estimations of GSN from 

Hevelius’ observations are 3-8 

times higher than the values 

obtained by Hoyt and 

Schatten!!! 

30 



Can we detect the solar cycle in the 

Hoyt & Schatten Database? 
• Hoyt & Schatten Database is 

contaminated with “zero” values of SN 

derived from solar-astrometric 

observations (solar altitude, solar 

radius, …). 

• As an example, we can cite the 

observations made with the great 

meridian lines (camera obscura). 

31 
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Can we detect the solar cycle in the 

Hoyt & Schatten Database? 

I have designed a "new" database (extracted from HS98). The 

purpose is to use only reliable observations to pinpoint AD and NAD. 

I have only chosen (for each year) observers with recorded AD. 

HS98 

64 Observers 

19358 days with records 

402 Active days 

HS98 modified 

36 Observers 

4141 days with records 

402 Active days 
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Can we detect the solar cycle in the 

Hoyt & Schatten Database? 
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Can we detect the solar cycle in the 

Hoyt & Schatten Database? 
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Using a 3-year moving-average window… 34 



Can we detect the solar cycle in the 

Hoyt & Schatten Database? 

0

10

20

30

40

50

60

1645 1650 1655 1660 1665 1670 1675 1680 1685 1690 1695

Year

A
c
ti

v
e
 D

a
y
s
 (

%
)

Max 

Max 

Max 

Max? 

min 
min min 

min min 

Using a 5-year moving-average window and assuming a hyper-geometrical probability distribution… 35 



Some conclusions 

• In the last few years, three major changes in H&S98 database have 
been proposed: 
– Onset of Maunder Minimum (Vaquero et al., 2011). 

– Solar Cycle -1 (Vaquero et al., 2007; Vaquero & Trigo, 2013) 

– Lost solar cycle (Usoskin et al., 2009; Zolotova & Ponyavin, 2011). 

 

• There is interesting lost solar information that is preserved in 
archives and libraries. We need a “Sunspot/Solar Historical 
Archive”. 

 

• Maunder minimum was a period of very low sunspot numbers as 
Hoyt & Schatten stated. However, their values probably are 
understimated because they used astrometric observation records 
(including camera obscura records!). Most likely, the solar cycle is 
present in sunspot data. 

 

36 



37 



Long-term Spatial and Temporal 

Variations of 

Aurora Borealis Events in the 

Period 1700–1905 

Vázquez, Vaquero & Gallego 

(2013), Solar Phys. (submitted) 





27 000 auroral events with more than 80 000 observations. 




