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Pre‐Maunder Period from Hoyt & Schatten (1998)
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Ob (ti di t ib ti )Observers (time-distribution)

1610 1611 1612 1613 1614 1615 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 1632 1633 1634 1635 1636 1637 1638 1639 1640
Harriot, T., Oxford YES YES YES YES
Scheiner C Rome YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YESScheiner, C., Rome YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Galileo, G., Rome YES
Galileo/Sakurai, Rome YES
Cologna, S., Monreale YES
Jungius, J., Hamburg YES YES
Cigoli, L.C., Rome YES
Colonna, F., Naples YES YES
Tarde, J., Farlat YES YES YES
Saxonius P Nuremberg YESSaxonius, P., Nuremberg YES
Marius, S., Nuremberg YES YES
Malapert, C., Belgium YES YES YES YES YES YES
Riccioli, J.B., Bononia YES YES
Smogulecz, D., Ingolstadt YES YES YES
Schickard, W., Tubinga YES YES
Hortensius, M., Lugd. Batav. YES
Mogling, D., Darmstadt YES YES YES YES
Gassendi, P., Paris YES YES YES YES YES
Quietanus, J.R., Germany YES
Zahn, J., Nuremberg YES
Octoul, Avenione YES YES
Horrox, J., Liverpool YES
Crabtree, W., England YES YES

There are no important observers except C. Scheiner!!!





Example of additions/corrections: 
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The onset of the Maunder Minimum
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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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(1) We have added the Marcgraf sunspot recordsMarcgraf sunspot records











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

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 

16

g g p p y q p y y
is the only place in the entire database where we do this type of substitution’’.
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(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 Rheitarecord by Rheita [1642].



(6) We have incorporated a sunspot recordincorporated a sunspot record by Horrox in 4 December 1639.



We can use a statistical procedure (Usoskin, Mursula & Kovaltsov, 2003) to 
reconstruct yearly group sunspot number from sparse daily observationreconstruct yearly group sunspot number from sparse daily observation.

Vaquero et al. (2011), ApJ



A simple test to check inconsistencies in sunspot number series

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 activityperiods 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.



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

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

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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Relationship between GSN and AD for all available data from Hoyt & Schatten (1998). Black line is the polynomial fit

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%.



Clette et al. (2014)

Vaquero et al. (2014)



And, finally, this very recent 
result (to be checked)result (to be checked)…
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Rainer Arlt is measuring sunspot positions from Rosa 
Ursina by Scheiner (1625‐1626 mainly)!
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ONLY 105 DRAWINGS!!!
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This incomplete (and no revised) butterfly diagram suggests solar minima at 1620 
and 1631±2 (approximately, only 105 drawings)



Conclusions

1) The group count database (provided by Hoyt &
Schatten) has a key role in our understanding of) y g
solar activity during the last centuries.

2) Some problems can be detected and corrected using) p g
the original observations (historical documents).

3) A [preliminary] butterfly diagram for 1610-1645
indicates that the uncertainties in solar activity
reconstructions during this periods can be large.



27


