
A. Klutsch1,2 and R. Freire Ferrero2 

1 Universidad Complutense de Madrid,Dpt. de Astrofísica, Facultad C.C. Físicas, Madrid, Spain, E-mail : klutsch@astrax.fis.ucm.es 
2 Observatoire Astronomique, Université de Strasbourg & CNRS, UMR 7550, 11 rue de l’Université, 67000 Strasbourg, France 

The solar cycle as a system dependending  
on its past evolution 

The solar activity characterizes by the evolution of photospheric spots number in quasi-periodic oscillatory series of values with a mean period of 11 years. 
The real period of solar activity is rather 22 years because the polarity of solar hemispheres changes alternatively each solar cycle. The quasi-periodic 
pattern of the evolution of the sunspots number has always been an intriguing question. Different physical models had been proposed to explain this 
behaviour with the aim to obtain some reliable method to forecast not only the future number of sunspots, but, fundamentally, to predict the future 
evolution of the whole solar activity. Other approaches consider only mathematical aspects from these series of values, to determine more precisely all the 
important periods hidden by the well apparent 11-year period. Here we propose another mathematical approach investigating the influence of the past 
evolution over the present one. A natural and simple way is to consider a temporal delay behaviour, which introduce a non-linearity influence taking into 
account different past events. This method allows to define intermediate parameters to characterize the general evolution and to eventually predict future 
solar cycles. The adequation of the method allow us to conclude about the physical meaning of this dependence or this influence. 
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  Solar activity : This is a particular case of stellar activity where photospheric, chromospheric 
and coronal phenomena develop in various degrees and intensities in relation to different 
spectral types of late-type stars. Classical solar activity cycle is characterized by a quasi-
periodic oscillatory evolution of the sunspot number with periods going from 8 to 15 yr and a 
mean of 11 yr. The quasi-periodic cycle of the sunspots number evolution has always been an 
intriguing question and a key unsolved problem in solar physics (along with, e.g., heating of 
the solar corona and solar flares). This understanding is very important because solar activity 
influence the terrestrial climate response (Archibald, 2006, Energy & environment, 17, 29-35). 

  Solar cycle prediction : At present various physical models based on observational data and 
theoretical assumptions had already been proposed to explain this behaviour with the aim to 
obtain some reliable method to forecast not only the sunspots number and the epochs for future 
solar minima and maxima, but, fundamentally, to predict the future evolution of the whole solar 
activity. Other approaches consider only mathematical aspects from these series of values, to 
determine more precisely all the important periods hidden by the well apparent 11-year period. 
Now the topic of solar cycle prediction is still inconclusive and further research are needed to 
the detection of the future low solar activity (e.g., Maunder / Dalton Minimum). 

I) The solar cycle : 

 The preliminary results obtained with the temporal delay method are encouraging because we find a 
similar delay as that between the geomagnetic activity and solar cycle peaks (Hathaway & Wilson, 
2006, Geophys. Res. Lett., 33, L18101), but some improvements are still needed. At present, we can 
successfully reproduce some previous solar cycles (e.g. epoch and spots number of solar maximum).  
 We will improve our predictive method including the influence of several temporal delays, in 

particular, those for which there is a good correlation as seen in Fig. 1. We think that this more 
detailed description could solve the overestimation of the next solar minimum and reproduce 
asymmetries observed during the previous cycles. 
 Our final aim is to be able to predict correctly the whole solar activity, identifying the 
fundamental lower activity precursors which determine the evolution of high activity stages. 

IV) Perspectives : 

Fig.3 
Input parameters of solar 

minimum 
Predicted parameters of 

solar maximum  
Predicted parameters of 

next solar minimum  
Epoch Number Epoch Number Epoch Number 

Left 2006.5 19.6 2011.5 84.1 2016.5 23.0 

Middle 2006.5 15.2 2012.5 137.3 2018.5 28.8 

Right 2007.5 7.5 2012.5 57.1 2020.5 4.2 
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of solar minimum 

Epoch of solar 
maximum  

Maximum sunspot 
number 

Epoch of the end  
of cycle 

Epoch Number Observed Predicted Observed Predicted Observed Predicted 
1996.4 8.0 2000.3 2001.5 120.8 106.4 2009 ? 2006.5 

Fig.3. The observed (plus symbols and the dotted black line) and selected (asterisk symbols and the full blue line) yearly values of the relative sunspots number. The 
sunspot number predicted by the temporal delay method are also marked (diamond symbols and the full red line). Left panel : Prediction for the solar cycles 23 and 24. 

Middle and right panels : Prediction of the solar cycle 24 using the sunspots number observed in 2006.5 and in 2007.5 as input data for our method. 

Fig.4. Maximum sunspot number (Rmax) of solar cycle versus 
minimum sunspot number (Rmin) for the cycle beginning (dots 
and cycle number also marked). The diamonds show the locus 
of our predicted maxima (Table 2) and the range of Brajša et al. 
(2009) is plotted as well. The blue and red lines represent linear 
fits using data of both axis and only maxima, respectively. 

III) Results : 

Table 2. Predicted values for the solar cycle 24 using various set data in input. Results showed in Fig.3.   

  The best values of T, which minimize the correlation between the sunspots number ratio and 
the spots number for present time and past values (delay J=T ; Fig. 2), are 7 or 8 years (Fig. 1).  
  To test the accuracy of our method, we applied it to characterize the solar cycle 23 (Table 1 
and Fig. 3, left panel). Our predictions are consistent with the already observed cycles, with an 
exception for the cycle end (an unusually long period of low activity).         
  We apply now our method to predict the next solar cycle 24 (Table 2) using :   
o our modelling of the solar cycle 23 (Fig. 3, left panel) ; 
o  the spots number observed in 2006.5 (Fig. 3, middle panel)  
o  the spots number observed in 2007.5 (Fig. 3, right panel). 

  We estimate the next solar maximum will take place between 2011 and 2012, while the 
minimum should not occur before 2019 or even 2020. The next maximum sunspots number 
should be close to 60 (Fig. 3, right panel) as that observed in the solar cycle 14. Using the actual 
solar minimum occurred in 2008.5 (Rmin = 2.9 from SDIC), the predicted maximum is 
consistent with the value from the linear least-square fit on the both axis (full red line on Fig. 4) 
and is a few smaller than the range given by Brajša et al. (2009, A&A, 496, 855–861).  

Table 1. Observed and predicted values for the solar cycle 23. Results showed in Fig.3 (left panel).   

11 years 

Fig.1. Correlation factor obtained by the chi-square 
minimization as a function of the temporal delay.   

Fig.2. Sunspots number ratio versus the sunspots number 
with a delay of 8 years. The blue line shows a linear fit. 
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Appendix A: Determination of the photometric

distance for single stars to triple systems

A.1. Single stars

For many stars in the literature, the trigonometric parallaxes
(!) from the TYCHO-1 catalog (ESA, 1997) are not accurate
enough (|"!/!| < 0.3). For these stars, we can use the Pogson’s
law (Eq. A.9) to determine the photometric distance.

dN

dt
= a N(t) {1 ! b N(t ! T )} (A.1)

!Ni

!t
= a Ni {1 ! b Ni!J } (A.2)

!Ni = a Ni {1 ! b Ni!J} (A.3)

Ni + !Ni = a Ni {1 ! b Ni!J} + Ni (A.4)

Ni+1 = Ni {a (1 ! b Ni!J) + 1} (A.5)

Ni+1

Ni
= {a + 1} ! ab Ni!J (A.6)

Yi = C0 + C1 Xi (A.7)
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mv ! Mv = 5 logd ! 5 + A (A.9)

where the visual magnitude of the star (mv), the absolute
magnitude (Mv) and the interstellar extinction (A) on the line
of sight are given inmag. The distance (d) is given in parsec (pc).

For the closest stars, the interstellar extinction is low (A " 0) and
we can then approximate Eq. A.9 as :

mv ! Mv = 5 logd ! 5 (A.10)

In this case, thanks to the following equation, we can easily de-
termine the photometric distance which is linked to the distance
module (mv ! Mv)

d = 10(mv!Mv+5)/5 (A.11)

Nevertheless, this approximation is not useful when the distance
is higher (Fig. 9). This is especially true when stars are localised
in the galactic plane (Fig. 9, lower panel) where this e"ect ap-
pears more rapidly (i.e. higher absorption). In these conditions,
we considered a linear di"erential extinction A = a#d. We used
a absorption of 1.7mag/kpc and of 0.7mag/kpc when the stars

Fig. A.1. Interpolation of the photometric distance from the distance
module (mv ! Mv) for both interstellar absorptions used in this paper.
The solid line and the line composed of asterisks ($) show the relation
between these parameters (Eq. A.9) and its reverse relation (Eq. A.16),
respectively taking in account the absorption. The line composed of
diamonds (!) shows the reverse relation but with any absorption.

are at low galactic latitudes (bgal ! 15 deg) and at high galac-
tic latitudes (bgal > 15 deg), respectively. The new form of the
equation A.9 is :

mv ! Mv = 5 logd ! 5 +
a

1000
d (A.12)

To isolate the distance we proceeded as follows:
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II) The temporal delay method  
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To isolate the distance we proceeded as follows:

Because we use yearly values of the relative sunspots number, given by SDIC (http://
www.sidc.be/sunspot-data/), ΔT is 1. In the following equation the present and past values of N 
are already known and we assumed some values for T (T = 0,1,2, ...; see Fig. 1). So we can try 
to determine constants a and b, which are still unknown, from the correlation between the 
sunspots number ratio and the past sunspots number (Fig. 2).  

One mathematical approach to rely the present evolution of a phenomena with some particular 
events in its past evolution, is to consider a temporal delay behaviour, as showing by the 
following equation. The variation of the variable N describing such phenomena in function of 
time is not only related with the current value of N but also with its past values. Here the tem-
poral delay is T. The simplest way is to assume some proportionalities between the variables. 


