
The Maunder Minimum: some recent

progress

J.M. Vaquero

Centro Universitario de Mérida

Universidad de Extremadura, Spain



Exactly 40 years ago…







Vaquero et al. (2015) "Sunspot latitudes during the Maunder
Minimum: a machine-readable catalogue from previous studies" 
Advances in Space Research 55, 1546.

http://haso.unex.es
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Hoyt and Schatten (1998)

High number of records…
… but some observations
has a “low quality” 
(Vaquero, 2007; Vaquero et 
al., 2011; Vaquero and Trigo, 
2014; Vaquero and Gallego, 
2014; Clette et al., 2014)



Usoskin et al. (2014) A&A



The Maunder Minimum (1645-1715

approximately) was a period of

 very low solar activity and

 a strong hemispheric asymmetry,

with most of sunspots in the

southern hemisphere,

 corresponding to the special mode

of a Grand minimum.





Usoskin et al. (2015) The Maunder minimum (1645–1715) was 
indeed a Grand minimum: A reassessment of multiple datasets, 
A&A 581, A95.



Zolotova & Ponyavin (2014)



Gómez & Vaquero (2015) The sunspot observations by Rheita in 1642, 
The Observatory 135, 220.
http://arxiv.org/abs/1502.06772



Vaquero & Trigo (2014) "Revised Group Sunspot Number Values 
for 1640, 1652, and 1741" Solar Physics 289, 803.
http://arxiv.org/abs/1307.2725



We have some doubts about the
quality of the sunspot records 
during the Maunder Minimum

What can we do?

Use of 
“high” quality observers

Hevelius

Flamsteed

Stablish “models” or
sub-sets of the Hoyt & 

Schatten database
Vaquero et al. (2015) A&A



Vaquero et al. (2015) “Level and length of cyclic solar activity during the 
Maunder minimum as deduced from the active day statistics” A&A 577, A71.
http://arxiv.org/abs/1503.07664

Loose model (ML)
it ignores all the generic
statements (longer than a
month) in the HS98
database, and considers
only explicit statements
that mention exact dates
of observations.

It includes 13512
observational days, which
is nearly half of the HS98
database.

Optimum model (MO)
For each year, we
considered observations of
only those observers who
reported at least one
sunspot group at any day
of the year, which would
prove that the observer
was “active”.

It includes 8089
observational days for the
period analysed, which is
roughly one third of the
full HS98 database.

Strict model (MS)
we consider as inactive
only those days when at
least two observers
independently reported
that the Sun was spotless
and when there were no
other records of sunspots.

This model includes 5159
daily records or one fifth of
the full HS98 database.

Sunspot Group Database by Hoyt and Schatten (1998)





Carrasco, Villalba Álvarez and Vaquero (2015) "Sunspots during the Maunder 
Minimum from Machina Coelestis by Hevelius" Solar Physics 290, 2719.
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Temporal evolution of active days (%) (upper panel) and GSN (lower panel) 
during the period 1653-1675. Red (blue) symbols represent the values 
obtained in this work (by Hoyt and Schatten, 1998). The red (blue) solid line 
represents the mean value of GSN obtained in this work (by Hoyt and 
Schatten, 1998). Error bars represent a 99% confidence interval



Carrasco and Vaquero (2016) Sunspot Observations 

during the Maunder Minimum from the Correspondence 

of John Flamsteed, Solar Physics, in press.
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Group Sunspot Number (black dots) calculated from 
solar observations made by John Flamsteed according 
to Hoyt and Schatten (1995) and the average value 
(grey line) for the period 1676 – 1703. Average group 
sunspot number (solid blue line) and upper limit with 
a confidence interval of 99 % (dashed-red line) 
obtained in this work



Work in progress…!!!









Selenographia Machina Coelestis
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Isotopes

In Brief…

Sunspot Number
during the
Maunder
Minimum

(order of 
magnitude)




