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Abstract: 

As we know that sunspots cycles varies with the variation of the magnetic field of the Sun, the 

average sunspots cycle is 11-years while one solar magnetic cycle ranges over 22-years. This means 

that each solar magnetic cycle contains two sunspots cycles. After each 11 years the magnetic poles 

change their polarity i.e. the north pole becomes south pole and vice versa. This paper utilizes the 

sunspots data from 1747 to 2011 (24 cycles) and K-index data from 1932 to 2011. We will analyze 

the sunspots data and K-index data using probability distributions. We will stress upon the study of 

variations of the type of probability distributions. These include Normal, Gamma, Lognormal, 

Hypersecant and Chi-square distributions which are tested with the help of Kolmogorov-Smirnov D-

test. Further more, we will cycle wise compare the probability distributions of Sunspots and K-index 

data (geomagnetic indices). We compared the two sunspots cycles data with a single K-index cycle 

data in the perspective of probability distributions. The adequacy of the distribution of sunspots and 

K-index cycle represents the possibility of suitable probability distribution for the next cycles. 
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1. INTRODUCTION: 

                    Sunspots have been observed through telescopes for almost 400 years and early 

observed, such as Galileo, Scheiner and Hevelius, were already able to distinguish the dark central 

core of a spot (the umbra) from the fuzzier annulus (the penumbra) that surrounds it [1]. After 

extensive observations of sunspots, Wolf found in 1852 the period of sunspot cycles to be 11.1 years 

[14]. A few years later, Carrington (1858) discovered that sunspots drift in latitude towards the 

equator within a sunspot cycle, which was confirmed one year later by Wolf (Kiepenheuer, 1953; 

Wolf, 1859) [2 & 13]. It is also important to note that the eleven years Sunspots cycle and ozone 

layer depletion over arctic region have significant correlation [3-4]. The Sun has an approximately 

22-years magnetic cycle. It means that there are two sunspot cycles in each solar magnetic period.   

The ratio between sunspot cycle and frequency of magnetic field is 2:1 [9, 10 &11] . At the solar 

poles the dipolar magnetic field reverses in each 11-years and during this reversal very few sunspots 

are visible some time none can be seen on the sun and the magnetic activity is known as minimum. 

During the maximum in the cycle, the number of sunspots visible on the sun can be more than 100 at 

one time. A typical sunspot has a lifetime of a few weeks [5]. With the help of early records Wolf 

derived a more accurate value over eleven years for the average of cycle length. All the sunspot 

cycles not attain the same maximum intensity through the study of sunspots cycles it is observed that 

the peak intensity occurs progressively later for weaker cycles. The study of cycle growth provides 

to predict the strength and date of maximum approximately for next cycle [15]. 

Geomagnetic disturbances caused by the solar wind flowing out of coronal holes. We can see a 

corona hole in x-ray pictures of the sun where the corona appears dark [16]. Coronal holes 

associated with those parts of the magnetic field where the field lines of magnetic fields are open 

while the bright regions of x-ray are associated with closed field lines of magnetic field, open field 

lines extend out to great distances from the Sun while closed lines form loops that return to the Sun 

[12].  According to the Lorentz force equation  

                                                

                                              B
c

v
EqF  

where F is the force exerted  in an electric field  E and magnetic field  B on a charged particle of 

velocity v states that the force due to the magnetic field is always perpendicular to both the direction 

of the velocity vector and the field (the cross product). 
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The K-index is the geomagnetic index which is one of the more valuable from the point of view of 

the Earth’s climate. It consists of a scale which varies from zero to nine (very quiet to extremely 

disturbed). It can be measured through each observatory at three hour intervals. Kp is an average of 

K-indices which is standardized and determined by all stations’ data. A storm is considered to be a 

major storm if equals or exceeds forty. Between 1932 and 1989 more than thousand of these storms 

occurred. Number of these storms mentions a separate index which is known as Ap index as 

introduce by Allen in 1978 [9].   

The C-figure is the arithmetic mean of the subjective classification by all observatories of each day’s 

magnetic activity on a scale of 0 to 2 (quiet to storm). The K-index expressed in thirds of a unit (e.g 

5 −  is 4 2/3, 5o is 5 0/3, and 5 +  is 5 1/3) [18].The aa index is the average of the measurements of 

two antipodal observatories, Greenwich and Melbourne characterizing the magnetic activity on earth 

given in Gammas [17].  

 

2. MATERIAL AND METHODS: 

Probability distributions have been found to be useful in the study of temperature data [6]. We will 

use these distributions to study the solar activity, particularly, K-indices and other solar activity 

indices. Such studies will not only be useful in the study of solar phenomena but also will be helpful 

to investigate the solar-terrestrial relations. In this study we will analyze Sunspots data and K-indices 

data. For this purpose we will first estimate determine the type of probability distribution suitable for 

each Sunspots Cycles (SC). In this regard we have used sunspots data starting from 1747 to 2011. 

These conclude 23 sunspots cycles. Cycle 24 is in progress and cannot be analyze completely. 

However, we have given a partial analysis of this cycle as well. Similarly we have analyzed the data 

regarding K-indices. The K-index data from 1932 to 2011 (Procured from world data center) divided 

corresponding to the SCs in between this duration (One magnetic cycle corresponding to two SCs). 

On this data various distributions (e.g ND, CSD ) will be applied. The most suitable distribution for 

each of the partitions will then be determined. A comparison of the distributions of SC data and K-

index data will then be made. All the computations are made with the help of statistical software 

Easy Fit (EF).  
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3. PROBABILITY DISTRIBUTION APPROACH 

In any experimental analysis in any branch of science one often encounters the problems  

where the standard probability distributions are applicable. These probability distributions are often 

helpful in generating the random numbers [8]. 

 

The study of sunspots and their cycles is very helpful to observe the change and variation on the 

earth climate. There is a marked correlation between sunspots cycles and earth climate (rainfall and 

temperature) [6]. It is well known that the study of statistical distributions of climatic parameters 

generally gives more insights of the physical processes. In general, Sunspots and K-index data are 

probability distribution.  

In assessing the nature of the distribution obeyed by real-time data, we check for the 

deviation from normality using KST [Kolmogorov-Smirnov D-test]. This tests that whether the 

statistic 

D = max|F(x)  G(x)|                                                         (1.1) 

exceed a critical value in the K-S table or not. G(x) and F(x) are respectively the sample cumulative 

distribution and the predetermined cumulative distribution corresponding to a given sample of size n 

[7]. We know that the normal distribution is the most important distribution of continuous variables 

applied to symmetrically distributed data. Mathematically it can be expressed as follows: 

f (x) = 

2

2
1

2

1
x

e  ,(   x   ),         (1.2) 

Where,  is the standard deviation and  is the mean of the sample. 

Similarly if the random variable Y follows gamma distribution with parameters α and β , then the 

likelihood of Y is expressed as, 

g (y) =  ,( y                      (1.3a) 

Where, α is shape parameter,
  
β  is scale parameter  and 

 

                          

 

 E[Y] =     , Var (Y) =                                                  (1.3b) 
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The Normal Distribution (ND) can be converted to Gamma Distribution (GD) and (GD) can be 

converted to Log-Normal Distribution (LND) [7]. The mathematical expression for LND is given by 

h (x) = 

2
 ln

2
1

2

1
x

e
x

,  (   x   ),          (1.4a) 

E[X] =  

2

2
  

e , Var(X) = 1
22   2

ee                        (1.4b) 

In equations (2.3b) and (2.4b), E[X] and Var (X) represent mean and variance of samples 

respectively [6, 7 and 8]. A lognormal process being one in which the random variable of interest 

results from the product of many independent random variables multiplied together, whereas the 

normal process is one in which the random variable of interest results from the sum of many 

independent random variables [8].  

Where the variable x > 0 and both the parameters μ and  δ  > 0 belongs to set of real numbers. The 

LND is used sometimes as a first approximation to the Landau distribution which describes the 

energy loss by ionization of a heavy charged particle [7, 8].The Chi-square Distribution (CSD) can 

be approximated by the Normal Distribution (ND) and is given by the following. 

                                 

)
2

(2

exp

2

2;
2

2

n

x

nxf

x

n

                                               (1.5a) 

In CSD the variable x ≥ 0 and positive integer represents the number of degrees of freedom [8]. 

The Hyper Secant Distribution (HSD) is defined by its mean and standard deviation similar to ND. 

The HSD is used for those data which follows symmetric distribution as in a ND. The mathematical 

expression for HSD with their parameters is given by 

                                                           

                                    xywhere
yh

xf
22

sec
              (1.5b) 

 

where   mean and mode μ  and δ
2
 is the variance with δ > 0 . The skewness and kurtosis of HSD are 

0 and 5 respectively [9]. If the natural log of variable x is Gamma distributed then it is said to be a 
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Log-Gamma Distribution (LGD), when Gamma variable = 0 then standard Log-Gamma Distribution 

has minimum value equal to 1. The LGD is given by 

                       
)(

)1(]1(ln[
)

1
(

1 xx
xf                (1.6) 

where x ≥ γ and α > 0, β>0 and the mean of LGD is (1-β)
-α

 + γ -1 [7,8]. Γ and β are the parameters of 

the distribution.  

 

4. Results and Discussions 

There are 23 sunspots cycles (SC) (from 1747 to 2011) as depicted in table: 1.1. This means that in 

the two centuries, from 1801 to 1900 and from 1901 to 2000 there are approximately nine SC in 

each century. So the total number of SCs in both he centuries is 18. The remaining 5 cycles occurred 

before the year 1800 and SC 24 is in continuation.  Table: 1.1 shows the mean and standard 

deviation and duration of SC with parameters of tested probability distributions. The mean, standard 

deviation and distributions of each of the 23 SC and corresponding K-index data are depicted in 

Table: 1.1.   

4.1 Probability distributions of Sunspots Cycles 

From table 1.1 we observe that different cycles follow different distributions. The distributions vary 

from normal to gamma and gamma to lognormal. This behavior indicates that the distributions 

become increasingly heavy tailed. Figure: 1.1 represent the plot of total sunspots data and Figure 1.1 

represents plot of each cycle from 1747 to 2011. The data as mentioned earlier was obtained from 

World Data center (WDC).  Cycles 1, 5 and 7 follow the normal distribution (ND) while SC 6 

follows the Hyper Secant Distribution (HSD) and the remaining nineteen SCs follow Log-Gamma 

Distribution (LGD). The probability distribution of total SC from 1747 to 2011 shows ND. Details 

are given in Table: 1.1. It depicts the distributions of all 23 solar cycles. It indicates that 

approximately 13 % of the solar cycles follow ND, approximately 4% follow HSD, 83% follow 

LGD. HSD is symmetric like ND but it has more peaked ness than the ND. The variation in mean 

and standard deviation represents the change in the strength of SCs.  

4.2 Probability Distributions of K-indices data 

According to the available data (1932- 2011) of K-indices, each set of distributed data (associated 

with each SC) have different distributions.  Table: 1.2 depicts the alternation with mean, standard 
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deviation and parameters of K-indices data sets of almost same duration. Data sets 1 and 3 follows 

ND while data sets 2 and 4 follows the CSD (see figure: 1.2) which shows the alternation between 

ND and CSD.  

4.3 A comparison of Probability Distributions of the Sunspot and K-indices data 

Finally, we will consider the data set 1932 to 2011 divided to 4 sets and calculated the probability 

distributions of sunspot cycles and K-indices data. Figure 1.3 give a comparison of the probability 

distributions of the total  K-index data and the SC data from 1932 to 2011 K-index follows the ND 

(figure:1.3 and 1.3.1). 

The probability distribution of 22 years K-index and SCs shows that 1st cycle of both the K-index 

and SCc follow the ND. The last 4th cycle of K-index and SCs follow the CSD which is in 

continuation. The complete cycle from 1932 to 2011 of both the K-index and SC represent that they 

follow the same probability distribution LGD. Table 1.3 depicts the probability distributions of four 

22 years K-index and SCs along with the probability distribution of total K-index and SC. The 2
nd

 22 

years SC follows the LGD while K-index follows the CSD. The 3
rd

 SC follows the LGD and K-

index follows the ND. The variation in SCs shows same distribution while K-index cycles represents 

increase from CSD to ND.   

5. CONCLUSION   AND OUTLOOK  

In section 1 we applied the probability distributions on 23 sunspots cycles and observed that 

different cycles have different probability distributions. Overall, 19 solar cycles follow LGD. As we 

know the minimum duration of SC so far is 9 years while at the maximum a solar cycle lasted for 14 

years, the average being 11 years table:1.1 depicted. Variations of mean and standard deviation 

helped to study the fluctuating behaviors (up and down change) of the sunspots cycles starting from 

1747 and ending in 2011.  SC 2 is yet incomplete.  

In the second section we have distributed the K-index data against 2 SCs. K-index data sets 1 and 3 

which follows ND. whereas K-index data sets 2 and 4 follows the CSD (see figure:1.2). 

In the third part of this paper we have computed the probability distributions of 22 SCs data from 

1932 to 2011 and compare the results with the K-index data. The 22years SCs are respectively ND, 

LGD, LGD and CSD. The results shows that in the 1
st
 SC the ascending and descending phase of 

this solar activity probably same. The 2
nd

 and 3
rd

 SCs represents that the ascending phase of sunspots 

activity is quicker than the descending phase. If descending phase of SC slower as compare to the 
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ND then it may be prolong. The 4
th

 SC follows the CSD which shows much slower descending 

phase of SC as compare to the ND (see figure 1.3). The comparison of probability distribution of 

SCs and K-index data represents that 1
st
 and the 4

th
 cycles have the same probability distribution. 

The variation in 2
nd

 and the 3
rd

 cycles shows that there is a maintain in the probability distribution of 

2
nd

 and 3
rd

 SCs but rise in the K-index data Table 1.3 depicts the results. For the more accurate 

forecasts of SCs and K-index data sets, time series analysis and Hurst exponent calculations will be 

attempted in the next communication. 
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Table:1.1 Probability distribution of sunspots cycles (1-24) 
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Table: 1.2Probability distribution of K-index data sets (1-4) 

 

 

 

 

Table: 1.3Probability distribution of sunspots 22 years cycles (1-4) 

 

 

 

Table: 1.3 A comparison of sunspots and K-index cycles 
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Figure: 1.1(This figures shows the 24 sunspots cycles with different peakness and 

duration of total duration 1747-2011) 
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Figure: 1.2 (This figure contains four k-index data 1-4, k-index data sets 1 and 3 

follows ND and k-index data sets 2 and 4 follows CSD) 
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Figure: 1.3 (This figure contains four data sets of 22-years SCs) 
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Figure: 1.3.1 ( Sunspots cycles (1932-2011) and (1749-2011)) 
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