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Are early observations useful for us?Are early observations useful for us?





Vaquero et al. (2002), Geophys. Res. Lett.









1.
 

Sunspot Number

2.
 

Sunspot Positions

3.
 

Solar Radius

4.
 

Great Historical Space Weather Events

5.
 

A look on solar activity during MCA

6.
 

Data from Portugal

Was MCA originated by solar activity?

How was the transition to Maunder Minimum? Sudden?

How is the long-term 
evolution of Solar Radius?

Could we reconstruct Butterfly 
diagram for last centuries?

How will be the great space 
storms in the future?

What can we do?
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1637: No data

1636: No data

1641: No data

1638-9: mainly

 estimated

 

values



Accepted general scenario for Maunder Minimum (Usoskin, 2008):

(1)
 

transition from the normal activity to the deep minimum was sudden,
(2)

 
a 22-year cycle was dominant in sunspot, and

(3)
 

the recovery of the sunspot activity from the deep minimum to normal activity 
was gradual.
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We are trying to improve the sunspot number around 1636-1642:

(1) We have added the MarcgrafMarcgraf sunspot recordssunspot records.
(2) We have eliminated the estimatedeliminated the estimated (not observed) values from Crabtree's 

comments (1638-1639).
(3) We have corrected the dates and the numbers of sunspot groups of Horrox

 observations in HS98 (from Julian calendar to Gregorian Calendarfrom Julian calendar to Gregorian Calendar).
(4) We have eliminated one spuriouseliminated one spurious observation by Gassendi

 
on 1 Dec 1638.

(5) We have changed the record by record by RheitaRheita [1642].
(6) We have incorporated a sunspot recordincorporated a sunspot record by Horrox

 
in 4 December 1639.



(1) We have added the MarcgrafMarcgraf sunspot recordssunspot records
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Horrox (observations)
Gassendi (observations)
Crabtree (estimated values)

Hoyt and Schatten
 

(1998) wrote in their Bibliography: ‘‘According to a letter by 
Crabtree the average number of spot groups seen in 1638 and 1639

 
were 4–5 

per day. The database has Greenwich fill values to give 4–5 groups per day. This 
substitution technique was used to simplify the analysis. This is the only place in 
the entire database where we do this type of substitution’’.

(2) We have eliminated the estimatedeliminated the estimated (not observed) values from Crabtree's 
comments (1638-1639).



(3) We have corrected the dates and the numbers of sunspot groups of Horrox
 observations in HS98 (from Julian calendar to Gregorian Calendarfrom Julian calendar to Gregorian Calendar).



(4) We have eliminated one spuriouseliminated one spurious observation by Gassendi
 

on 1 Dec 1638.



(5) We have changed the record by record by RheitaRheita [1642].



(6) We have incorporated a sunspot recordincorporated a sunspot record by Horrox
 

in 4 December 1639.
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We
 

can use a statistical
 

procedure
 

(Usoskin, Mursula
 

& Kovaltsov, 2003) to
 reconstruct

 
yearly

 
group

 
sunspot

 
number

 
from

 
sparse

 
daily

 
observation.

Vaquero et al. (2011), ApJL



R. Arlt
 

(2008) digitized original 
drawings by J.C. Staudacher

 
made 

in the period of 1749 –
 

1796. Arlt
 also evaluated the usefulness of the 

drawings for the determination of 
sunspot positions for future studies.

R. Arlt
 

(2008) “Digitization of 
Sunspot Drawings by 
Staudacher

 
in 1749 –

 
1796”

 Solar Physics 247, 399-410.



R. Arlt
 

(2009) “The Butterfly Diagram in the Eighteenth Century”
 

Solar 
Physics 255(1), 143-153, DOI: 10.1007/s11207-008-9306-5



A. Cristo, J.M. Vaquero and
 

F. Sánchez-Bajo (2011) HSUNSPOTS: A TOOL 
FOR THE ANALYSIS OF HISTORICAL SUNSPOT DRAWINGS, Journal of 
Atmospheric and Solar-Terrestrial Physics 73, 187–190.



Butterfly diagram based on the 
sunspot latitude estimations obtained 
from Zucconi

 
drawings (April 1754 –

 June 1760).







Evolution
 

of
 

the
 

solar radius
 

variations

“New”
 

datasets:
Cádiz Astronomical

 
Observatory

San Petronio
 

Cathedral

Before
 

MM?

Rozelot
 

(2006)
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http://www.flickr.com/photos/pacobellido/4505156560/sizes/o/


http://www.flickr.com/photos/pacobellido/


http://www.flickr.com/photos/pacobellido/


http://www.flickr.com/photos/pacobellido/


Eustachio
 

Manfredio
 

(1736) De Gnomone Meridiano 
Bononiensi ad Divi Petronii (Bononiae, 398 pp.)
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Dec


11 June 1648

20 June 1648

According to Mut 
(1649):

Dec=18’ 46”

=2395

Therefore, solar 
diameter is 31’ 21” 
(11 June 1648). 

From Mut values of minimmum and maximum 
solar radius, we can obtain R=960.6”±8.2”.

This is a value very similar to modern values.



Ribeiro, Vaquero and Trigo (2011) “Geomagnetic records of Carrington’s Storm from 
Guatemala” Journal of Atmospheric and Solar-Terrestrial Physics 73, 308–315.



The
 

Bombay magnetogram
 

for
 

the
 

1–2 September 1859 (adapted from Tsurutani et 
al., 2003) and the available declination values showing great disturbances during the 
second phase of Carrington’s storm at the Guatemala observatory.
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Different solar activity proxies during the period 1000–1300: TSI reconstructed by Steinhilber et al. (2009) (dashed black 
line), TSI reconstructed 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 (Křivský and Pejml, 1988) (orange line). 
Black arrows are evenly spaced and correspond to our estimated maxima of solar cycle. Arrows correspond to estimated 
maxima of solar cycle using naked-eye observations (blue) and auroral nights (orange). Graphic inserted shows, using the 
same colour code, a histogram of the delays (in years) between the fitted and estimated maxima of solar cycle.
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Evolution of mean SCL during the three centuries using (red) max to max or (blue) min to min estimations. 
Each value represents the estimation of mean SCL for ten consecutive solar cycles (110 years approximately) 
and the error bars the corresponding standard error. Black line represents the TSI from Steinhilber et al. (2009). 
Green line shows our estimation of mean SCL during MCA including the standard error (dashed lines).





Early Sunspots observers…

Vaquero, Trigo, Gallego (2005) 
Astron. Nachr. 326, 212-214.
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Original measurements of geomagnetic declination performed by Sanches

 

Dorta

 

at the (a) 
monthly and (b) daily scales and after the correction at (c) monthly and (d) daily scales.

(c)                         (d)

Vaquero and Trigo

 

(2005) “Results of the Rio de Janeiro magnetic observations 1781-1788”

 

Ann. Geophys. 23, 1881-1887.



Daily variability of Group Sunspot Number (GSN) and geomagnetic declination between 11 April 
and 23 May 1788. The triangle corresponds to the aurora episode observed on 9 May 1788.

Four large solar storms occurred on 7–9 Feb 1786, 11 Mar 1787, 31 Oct 1787 and 9 May 1788.

Vaquero and Trigo

 

(2006) “Identification of possible intense historical solar storms during the years 1781-1788 
inferred from auroras and geomagnetic observations in Rio de Janeiro”

 

Solar Physics 235, 419-432.



Monthly
 

mean temperature
 

record taken
 

by Bento
 

Sanches
 

Dorta
 

at
 6:00, 8:00, 10:00, 12:00, 14:00, 16:00, and

 
18:00.

Marín-Farrona, Vaquero, Trigo

 

and Gallego

 

“The Meteorological Observations of Bento 
Sanches Dorta, Rio de Janeiro, Brazil: 1781-1788 ”

 

Climatic Change (in press).



Trigo, Vaquero and Stothers

 

(2010) “Witnessing the impact of 1783-1784 Laki

 

eruption 
in the Southern Hemisphere”

 

Climatic Change 99, 535-546.
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Trigo, Vaquero and Stothers

 

(2010) “Witnessing the impact of 1783-1784 Laki

 

eruption 
in the Southern Hemisphere”

 

Climatic Change 99, 535-546.



Trigo, Vaquero and Stothers

 

(2010) “Witnessing the impact of 1783-1784 Laki

 

eruption 
in the Southern Hemisphere”

 

Climatic Change 99, 535-546.



Trigo and Vaquero 
(2008) “D João de 
Castro: An unsung 
hero” Astronomy 
& Geophysics 49, 
2.14-2.16.



Vaquero and Trigo

 

(2006) “Results of Geomagnetic Observations in Central Africa by 
Portuguese Explorers during 1877-1885”

 

Physics of the Earth and Planetary Interiors 
157, 8-15.



Vaquero and Trigo

 

(2006) “Results of Geomagnetic Observations in Central Africa by 
Portuguese Explorers during 1877-1885”

 

Physics of the Earth and Planetary Interiors 
157, 8-15.

(a)                                           (b)                                           (c)
Histograms of the differences between model (gufm1) and observed

 
values for 

(a) geomagnetic declination, (b) geomagnetic inclination and (c)
 

horizontal 
component.
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•
 

There is interesting information that is still buried in 
archives and libraries on  sunspot positions, solar radius, 
great historical space weather events, etc.

•
 

Transition from normal solar activity to Maunder Minimum 
was gradual (no sudden).

•
 

Estimated mean solar cycle length during Medieval Warm 
Period is 10.72±0.20 years. 
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