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Abstract

We summarize recent findings about periodicities in the solar tachocline and their physical interpretation. These lead us to conclude
that solar variability is presently entering into a long Grand Minimum, this being an episode of very low solar activity, not shorter
than a century. A consequence is an improvement of our earlier forecast of the strength at maximum of the present Schwabe cycle
(#24). The maximum will be late (2013.5), with a sunspot number as low as 55,

1. Introduction

Solar activity is believed to be associated with climate change (De Jager and Duhau, 2009; De Jager et al., 2010;
Miyahara et al., 2010). Sunspot activity can be concentrated in the two solar hemispheres and they appear to fluctuate
for 11 year cycles. However, prolonged episodes of reduced sunspot activity, such as the Maunder Minimum (named
after solar astronomer Edward W. Maunder), were clearly linked with an episode of extreme cooling and bitingly cold
winters in Europe and MNorth America, known as the "little ice age.”
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Cycle 24
Sunspot Region 10981

Figure 1. A sunspot of cycle 23 (equator) and first sunspot of cycle 24 (top). (January 4, 2008).

Predictions of the maximum sunspot number (R} for the forthcoming sunspot cycle 24 range from very high over

intermediate to very small values (for review see De Jager and Duhan, 2009). Forecasts of the latter type may lead to
another Grand Minimum episode (Miyahara et al., 2010). The conflicting predictions may be due to the possibility that
at present the dynamo system is undergoing a chaotic transition from the Grand Maximum of the 20th century to
another regime (Duhaw, 2003; De Jager and Duhau, 2009),

Specifically, although its detailed mechanisms are unknown, the solar dynamo generates the Sun's magnetic field via a
circular electric current flowing deep within the star. The solar plasma is a highly conductive medium. In the
tachocline, about 200 000 km below the surface, in the presence of a seed field, currents are generated at levels where
different latitudes of the sun rotate at different speeds, while interacting with deep-seated convective motions, thus
amplifying strong magnetic fields (as specified by laws of magnetohydrodynamics). Like the sunspot cycle, the solar
dynamo reverses itself every 11 years, and this triggers sunspot activity. It is believed that during the Maunder
Minimum, the rotation of the sun may have slowed. Therefore, the future of sunspot behaviour depends to a large
extent on the state of the dynamo during the transition (Lorentz, 1993).
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