Journal of Atmospheric and Solar-Terrestrial Physics 71 [2009) 239-245

Contents lists available at ScienceDirect S ¥y
ATMOSFHERR 2rd
SLLAR-TERAESTRIAS
PHTHIS

Journal of
Atmospheric and Solar-Terrestrial Physics

journal homepage: www.elsevier.com/flocate/jastp

Forecasting the parameters of sunspot cycle 24 and beyond

C. de Jager**, S. Duhau®

* Royal Netherlands Institute for Sea Reseqrch, PO. Box 59, 1790 AB Den Burg, The Netherlands

" Departamenta de Fisicn, Focultod de Ciencios Exoctas ¥ Naturoles, Universidad de Buennos Aires, 1428, Bs Az, Angenting

ARTICLE INFO

Article Ristory:

Received 4 August 2008

Received in revised form

19 October 2008

Accepred 3 Movemnber 2008
Available online 13 Decemnber 2008

Keywords:

Solar vaniability
Solar dynamo

Su

Geomagnetic index

ABSTRACT

Solar variability is controlled by the internal dynamo which is a non-linear system. We develop a
physical-statistical method for forecasting solar activity that takes into account the non-linear
character of the solar dynameo. The method is based on the generally accepted mechanisms of the
dynamo and on recently found systematic properties of the long-term solar variability. The amplitude
modulation of the Schwabe cycle in dynamo's magnetic field components can be decomposed in an
invariant transition level and three types of oscillations around it. The regularitics that we observe in
the behaviour of these oscillations during the last millennium enable us (o forecast solar activity. We
find that the system is presently undergoing a transition from the recent Grand Maximum to another
regime. This transition started in 2000 and it is expected to end around the maximum of cycle 24,
foreseen for 2014, with a maximum sunspot number B, = 68+ 17. At that time a period of lower solar
activity will start. That period will be one of regular oscillations, as occurred between 1730 and 1923,
The first of these oscillations may even turn out to be as strongly negative as around 1810, in which case
a short Grand Minimum similar to the Dalton one might develop. This moderate-to-low-activity episode

is expected to last for at least one Gleissherg cycle (G0-100 years).

& 2008 Elsevier Ltd. All rights reserved,

1. Introduction

Presently existing methods for forecasting sunspot activity
may be subdivided into three types (cf. Usoskin and Mursula,
2003): (a) statistical methods that consider inherent statistical
properties of solar activity (e.g. Kane, 1999; Ogurtsov, 2005a,b),
(b) physical methods, based on an assumed mechanism for the
solar dynamo that yields links between the poloidal and
the toroidal magnetic field components and that are further
based on some precursor type parameters of solar activity (e.g.
Schatten, 2005; Svalgaard et al., 2005), and (c) physical-statistical
methods which are combinations of the approaches (a) and (b)
(e.g. Hathaway and Wilson, 2006; Duhau, 2003).

All the three methods have been applied for forecasting solar
activity. In spite of the fact that some of these forecasts are fairly
sophisticated, published predictions of the maximum sunspot
number Ry, for the coming cycle are disappointingly divergent
(see, e.g. Usoskin and Mursula, 2003; Li et al, 2001). They range
from very high, as in the last 50 years (Hathaway and Wilson,
2006; Dikpati et al., 2006; Charnvitovd, 2008), over intermediate
Rinax values (Schatten, 2002; Duhau, 2003; Le and Wang, 2003; de
Meyer, 2003; Sello, 2003; Ogurtsov, 2004, 2005a,b; Svalgaard
et al., 2005; Schatten, 2005; Kane, 2007; Aguirre et al, 2008) to
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very small Ry, values (Badalyan et al., 2001; Komitov and Kaftan,
2003; Callebaut et al., 2003). These latter forecasts might lead to
another Grand Minimum episode. These conflicting results of
predictions may be due to the fact that most of the methods
used to forecast solar activity (for reviews see, eg Hathaway
et al., 1999; Schatten, 1998) assume the relation between the
involved variables to be linear. However, the solar dynamo is a
non-linear system with deterministic chaotic elements (Weiss,
1987; Feynman and Gabriel, 1990; Ostrvakov and Usoskin, 1990;
Kremliovsky, 1995; Usoskin and Mursula, 2003; Duhau, 2003;
Weiss and Tobias, 2004; De Jager, 2005; Aguirre et al., 2008).
Hence, the solar dynamo behaviour, as manifested in its temporal
evolution, differs fundamentally from that assumed in most
predictions in which the non-linearity was not considered,
The divergence between presently existing methods to
forecast sunspot activity calls for a further development of the

The dynamo system in an axial-symmetric model has
4 degrees of freedom, iLe. the toroidal and poloidal magnetic field
components and the meridional and azimuthal components of the
velocity field (see, eg. Knobloch et al, 1998: Durney, 2000
Dikpati et al., 2004). The geomagnetic index aa at minima, 0,
(Mayaud, 1972), and the sunspot number at maxima, R, are
measures of the amplitudes of the poloidal and toroidal magnetic
components of the solar cycle, respectively (cf. Duhau, 2003 and
references therein). The non-linear evolution of the dynamo
system from 1844 to 2000 was shown by means of an Ry,gx vs.






