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In this groundbreaking research, we distil the main parameters of dynamo waves from the
full disk solar background magnetic field observed in cycles 21-23 by Wilcox Solar
Observatory.
Normally, solar magnetic field measured is a combination of many waves, which are very
difficult to separate. This is similar to white light emission comprising of many wave
lengths, which one can only see after this white light passes through a glass prism and
gives a rainbow with distinct wavelengths of each colour. In order separate magnetic
waves and to reduce their dimensionality we use the powerful technique of Principal
Component Analysis (PCA), producing a number of orthogonal components with
decreasing weights describing different processes. The components with the highest
weights substitute Principal Components (PCs), which may be ascribed to separate
physical processes.
This analysis shown that the magnetic waves in the background field appear in pairs, with
the Principal Components pair accounting for some 40% of the whole data variance (Fig.
1) (Zharkova et al, 2012). The magnetic waves travel from the opposite hemisphere to the
Northern hemisphere (odd cycles) or to Southern hemisphere (even cycles), with the
phase shift between the waves increasing with a cycle number.

Fig. 1. Principal Components of the solar background magnetic
field derived from historic data 9cycles 21-23) and predicted for cycles 24 -26

(Zharkova t al, 2012). The solid curve is calculated from derived formulae, the
dotted curve for cycle 24 is the one derived from the full disk magnetic field data
measured by WSO.
These two waves arise from the background (poloidal) magnetic field, from which we
derived the toroidal magnetic field using a (modified and substantially enhanced) alphaomega two layer dynamo model with meridional circulation {Popova et al, 2013}. These
two components are assumed to originate in two different layers in the solar interior
(inner and outer) with close, but not equal, frequencies and a variable phase shift (Popova
et al, 2013).
Using the symbolic regression analysis based on Hamiltonian invariance, we managed to
derive the fundamental mathematical formulae describing the both waves. We then used
these formulae to predict the principal component waves for cycle 24 that, when
compared with the observed magnetic field data, showed an accuracy of 97% (Shepherd
et al, 2014). The summary curve of these waves is presented in Fig.2 showing that the
resulting magnetic wave is clearly decaying from cycle 21 towards cycles 25-26.

Fig. 2. The summary curve of the two principal components of the solar background
(poloidal} magnetic field for the cycles 21-26 shown in Fig. 1.
This summary curve can be compared to the current index of solar activity – averaged
sunspot numbers, if on can calculate the modulus (i.e. the absolute value without regard
to sign) of the waves (Fig. 3 showing rather close fit to the averaged sunspot numbers.
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Fig. 3. The modulus summary curve of the principal components of solar background
(poloidal) magnetic field, which fits the averaged sunspot numbers (measured for cycles
21-23) and predicted for cycle 24-26) (Shepherd et al, 2014).
Then by using the derived formulae we extrapolated the model further to predict the
waves for solar cycles 25-26 (the right parts of Figs. 1-3). The prediction revealed
increasing phase separation in cycle 25 and 11 year phase between these waves in cycle
26, ,e.g. these two waves become separated into the opposite hemispheres. We predict
(Fig. 3) that this will lead to a significant reduction (more than 60%) in solar activity in
cycle 26 compared to current cycle 24. These cycle s 25-26 will have the properties of a
“Maunder minimum”.
The first Maunder minimum was reported in 17th century and lasted for about 6 solar
cycles (1645-1700) when the solar activity was reduced to a very small number (50-70)
of sunspots per year versus normal numbers of tens of thousands (see Fig. 4.5 below).
The restoration of the solar irradiance during the last 400 year shows its strong decrease
during the period of the Maunder Minimum by a magnitude of about 3 W/m^2 (see Fig.
5). This amount of the solar radiance reduction was converted into reduction of the
average temperature of the Earth. In particularly, in England the average temperature in
17 century dropped to ~8.5C versus 10.5C in 20th century (Fig. 6).
This drop of temperature led to freezing rivers and lakes in England, and all over the
Europe. Given the fact that the upcoming Maunder minimum is upon us in 15 -20 years,
we all will witness if this will have the similar consequences for the Earth as measured in
the 17th century or it will be reduced by the human-made greenhouse gasses. Either way
it looks like the Sun gives us the second chance to sort out human induced emission while
it is in the minimum of activity before any worse case scenarios can come to play.
Our results have clear and profound relevance to the current debate on climate change
and open a new era in long-term solar physics research.

Fig. 5. Solar irradiance since 1610 as reconstructed by Lean et al (1995) and Lean
(2000). The thin line indicates the annual reconstructed solar irradiance, while the thick
line shows the running 11 average.

Fig. 6. The average temperature variations in England from 17 to 21 centuries.
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