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ABSTRACT 

A brief description and the results of the temporal 
variability of the flare index over the epoch of almost 4 
cycles (1966-2001) are presented. Using Fourier and 
wavelet transforms the long-term periodicities in the 
daily flare index data for the total surface and for the 
northern and the southern hemispheres of the Sun are 
presented.   A significant variability was found for all 
periods.  The wavelet transform results show that the 
occurrence of flare index power is highly intermittent in 
time. 
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1. INTRODUCTION 

There is no doubt, at present, that solar activity 
dominates the entire heliosphere and may be expressed 
with many indices, e.g., the Wolf number (sunspot), 
2800 MHz. radio flux, coronal index, and various other 
indices covering practically the whole range of the 
electromagnetic spectrum. Images of the Sun show that 
solar flares are one of the most powerful and explosive 
of all forms of solar activity.  In this study the amplitude 
and periodicity of the solar flare index (FI) variability 
are examined using the data for almost 35.5 years for 
the total surface and for the northern and the southern 
hemispheres of the Sun. To estimate long-term 
periodicities   the discrete Fourier transform (FT) and 
the wavelet transform (WT) were applied to the time 
series of flare index. Detailed version of this paper to be 
published elsewhere. 

2. FLARE INDEX DATA SET 

In this paper, we have considered the FI for the period 
data from January 1, 1966 to July 1, 2001 (total 12965 
days). The quantitative flare index first introduced by 
Kleczek (1952), Q = i x t, may be roughly proportional 
to the total energy emitted by the flare. In this relation, i 
represents the intensity scale of importance of a flare in 
Hα and  t the duration in Hα (in  minutes) of the flare. 
Table 1 lists values of i used for the determination of   Q 
The daily sums of the index for the total surface are 
divided by the total time of observation of that day. 

Because the time coverage of flare observations is not 
always complete during a day (sometimes 75% or 90%), 
it is corrected by dividing by the total time of 
observations of that day to place the daily sum of the 
flare index on a common 24-hour period. The daily total 
time of   observation   is calculated from Solar 
Geophysical   Data Comprehensive Reports. Calculated 
values are available for general use in anonymous ftp 
servers of our observatory1 and NGDC2. This data set 
constitutes almost 35.5 years and is used by several 
authors  (e.g., Li et al., (2002); Kane,  (2002); Joshi, 
(2001);   Tripathy  et  al.,  (2000)). 

Table 1. Values of i used for the determination of Q. 

Importance i Importance i 
SF, SN, SB 0.5 2B 2.5 
1F, 1N 1.0 3F, 3N, 4F 3.0 
1B 1.5 3B, 4N 3.5 
2F, 2N 2.0 4B 4.0 

 

3. METHODS 

3.1. DISCRETE FOURIER TRANSFORM 

The search for periodicities in all the time series was 
performed by calculating the discrete Fourier transform. 
This technique provides which periodicities are in 
operation during the studied period, which covers about 
12965 days. We examined three FI time series, which 
are for the total surface and for the northern and the 
southern hemispheres, by computing the periodograms 
after tapering 5% of the data at the ends of the time 
intervals by applying a split bell cosine window 
(Bloomfield, 1976).  

Figure 1 left panels show the normalized power spectra 
of three time series for the period interval of 1500-500 
days. For this figure the power spectra were calculated 
for the 8-23 nHz range with 0.89 nHz intervals. There 

                                                 
1ftp://ftp.koeri.boun.edu.tr/pub/astronomy/flare_index. 
 
2ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA 
/SOLAR_FLARES/INDEX 
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are several significant peaks in this figure whose 
statistical significances and probabilities of the obtained 
high peaks are listed in Table 2. 

Table 2. Periodicities found by Fourier power spectral 
analysis. Periods are given in days. The FAP values are 
shown in parentheses . 
 

Total Sur. Northern Hem. Southern Hem. 
- - 510 (7.5) 

- 544 (3.7) 539 (5.9) 

618 (26) - 661 (7.9) 

- - 780 (14.1) 

1153 (4.5) - - 

 

The flare index is not statistically independent but is 
correlated with a characteristic correlation time of a 
week. Therefore the power distribution follows an 
exponential distribution (Horne and Baliunas, 1986); 
i.e., the probability of the power density at a given 
frequency being greater then k by chance is given by 

P(z > k) = exp( -k / σ2),  (1) 

where the normalization factor k, should be determined 
empirically (Delache, Laclare, and Sadsaoud, 1985; Bai 
and Cliver, 1990; Bai, 1992). Even if we use a 
normalized time series Xii = (Xi- Xav)/σ, where Xi is the 
Q on the  ith day,  Xav is the daily mean flare index 
value, and σ is the variance, because of the 
interdependence of occurrence of some big flares, the 
Fourier periodogram turns out to be not normalized. 
Therefore, whatever analysis method is used, the best 
way to normalize the power spectrum is to fit the actual 
power distribution to Equation (1) (Bai and Cliver, 
1990).  

Figure 1 right panel shows the distribution of the 
Fourier power values corresponding to the normalized 
spectra shown in Figure 1  left panel. The vertical axes 
show the cumulative number of frequencies for which 
the power exceeds a certain value; of course for all 
frequencies the power exceeds zero. At only one or two 
frequencies the powers were their maximum values. For 
lower values of power, the distributions can be well 
fitted by the equations which are shown in the Figure 1. 
(right panel), as expected from Equation (1). Thus, we 
normalize the power spectrum by dividing the powers 
by these k factors to obtain Figure 1 left panel.  

Once the power spectra have been properly normalized 
we can use the “false alarm-probability” (FAP) formula 
to estimate the statistical significance of a peak in the 
power spectrum. The FAP is given by 

 

Figure 1. Normalized power spectra of the flare index 
(left panel) and power distribution of discrete Fourier 
transform (right panel) of a) the total surface of the Sun, 
b) the northern hemisphere, and c) the southern 
hemisphere for time interval of 12950 days and for 
period interval of 500 – 1500 days. The dashed lines at 
the right panel indicate the FAP significance levels. The 
vertical axes of the right panel are the numbers of 
frequencies for which power exceeds X. The straight 
lines are the fit to the points for lower values of power.  
 

F = 1- [1- exp(-Zm)]N,  (2) 

where  Zm is the height of the peak in the normalized 
power spectrum and  N is the number of independent 
frequencies (Scargle, 1982; Horne and Baliunas, 1986). 
The interpretation of F is as follows: If we have a 
discrete power spectrum giving the power at each of N 
independent frequencies for a set of random data, then F 
indicates the probability that the power at one or more 
of these frequencies will exceed Zm by chance. Fourier 
components calculated at frequencies at intervals of the 
independent Fourier spacing (ifs), Δfifs = 1/T, where T is 
the time span of the data, are totally independent 
(Scargle, 1982). For T = 12965 days Δfifs = 0.89 nHz. 
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Thus, there are 17 independent frequencies in the 8-23 
nHz interval. The FAP is calculated for each peak as 
follows: If we take the height of the peak and the 
number of independent frequencies (17) in Figure 1a for 
total surface, and substitute them in the FAP’s 
expression, we would underestimate the FAP (in our 
case we would obtain 0.9%). However, when 
substituting N = 80 we compensate the effect of the 
increase of the peak value by oversampling. The 
oversampling tends to estimate more accurately the 
peak value. Therefore, if we substitute Zm = 7.46 and N 
= 80 (since we searched 80 frequencies with 0.89 nHz 
intervals) in Equation (2) we get the false alarm 
probability F = 0.045; i.e., the probability to obtain such 
a high peak by chance is about 4.5%. The same analysis 
has been applied to the corresponding time series and 
the results can be seen in Table 2. 

3.2 WAVELET ANALYSIS 

Classical Fourier transform analysis (FT) allows the 
study of a signal only in the frequency domain, whereas 
wavelet transform (WT) analysis yields information in 
both time and frequency domains (e.g., Daubechies, 
1990; Kumar and Foufoula-Georgiou, 1997). Therefore 
we have also applied wavelet analysis to the three time 
series of FI to study the temporal variation of periods. 
These three time series were smoothed with 7-day 
running means before the WT calculations. Algorithm 
of the continuous wavelet transform was applied after 
Torrence and Compo (1998) within the period range 
500-1500 days. The Morlet wavelet, a plane sine wave 
with an amplitude windowed in time by a Gaussian 
function, has been selected to search for variability at 
different frequencies over the whole length of the time 
series. The non-dimensional frequency has been set to 6 
fixing the length of all wavelets according to their scale.  

The used period resolution was changing from 5.5 to 57 
days. The calculated wavelet power is suppressed on the 
edges of the time domain due to the applied WT 
algorithm within the cones of incidence located at the 
temporal edges of the domain (indicated in our plots by 
cross-hatched regions). The significance levels of the 
calculated WT power were derived using the null 
hypothesis according to Torrence and Compo (1998) 
assuming noise distributed independently on periods. 
The 95% confidence level, used in this study, implies 
that 5% of the wavelet power should be above this level 
for each period. Following this way the plots of wavelet 
power spectra were prepared for the period range for 
data series of FI (Figure 2). In this figure spectra of the 
total FI and FI of the northern and southern hemisphere 
are given in the top, middle and bottom panels. 

In comparison with the significant power peaks derived 
using the discrete Fourier transform (Table 2) the time-
period distributions of the FI wavelet power spectra  

 

Figure 2. The wavelet power spectra of the FI time 
series for the period range 500-1500 days. Grey-scale 
coding of power from white to black represents the 
square root of power in a linear scale given on the right 
side bar. The solid curve shows the 95 % confidence 
levels of the local power above the noise level assuming 
noise independence on periods. The cone of incidence is 
marked by the crosshatched regions. Dashed and dotted 
vertical lines mark the solar activity cycle maxima and 
minima according to the Wolf's sunspot index 
respectively. 
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show extremely intermittent behavior of power at all 
periods. The temporal variations of power are most 
pronounced at those periods detected with the Fourier 
transform. 

4. RESULTS 
 

We tried to show the temporal variations of the flare 
index along the years, which we studied in the period 
interval of 1500-500 days. The most prominent period is 
the 3.1-year (1153-day) peak in the power spectrum of 
the total surface of the Sun. The second one is the 1.7-
year (618-day) peak whose significance is low in this 
case (Figure 1a). The northern hemisphere time series of 
FI gives a prominent period, which is 1.5-year (544-
day) (Figure 1b) with the high enough significance 
level. A close look at Figure 1c which illustrates the 
southern hemisphere time series of FI, shows three 
peaks which reach above 10% FAP level; these are 1.4-
year (510-day), 1.5-year (539-day), and 1.8-year (661-
day) periodicities.  
 
The time-period distribution of the total FI wavelet 
power spectra (Figure 2, top panel) shows the most 
significant period of the 2.05-year. It is completely 
different from the most prominent period (3.1-year), 
derived using the Fourier transform. The 3.1-year period 
is localized only to the maximum of the cycle 21 and to 
the ascending phase of cycle 22. The period of the 2.05-
year is oppositely located to the year after the maximum 
of the cycle 22 (1990). No final results about these 
periods can be drawn for cycles 20 and 23 except the 
enhancement of the period 3.8-year at the maximum of 
the cycle 20. The second prominent period of 1.7-year, 
derived using the Fourier transform, is clearly located 
only on the descending phase of cycle 21 (1983). 
 
More simple situation was found for the FI power 
spectra of the individual hemispheres where there is 
coincidence of the most significant periods, derived 
using the Fourier transform, with those of the WT 
transform. In case of the northern hemisphere (Figure 2, 
middle panel) the period 544-day is seen as the 
extremely enhanced power at period around 550-day at 
the descending phase of cycle 21 (1980-1983). The WT 
power peak localized at the maximum of the cycle 22 
(1989) with period of 800 days could be seen also in the 
Figure 1b significantly weakened by the absence of that 
period in the rest of the FI time series.  
 
For the southern hemisphere (Figure 2, bottom panel) 
the periods just above 500-days behave similarly to the 
northern hemisphere. The period and temporal location 
of the most enhanced power is the same at both 
hemispheres. Contrary to that behavior of power at the 
period around 660-days is different between the 
hemispheres. Here (south) the enhancement is so high 
as in the case of the 500-days period and it is localized 
in time to the year 1990. Power at 1300-days is absent. 

Summarizing behavior of FI at the individual 
hemispheres can be underlined that the location of 
periods around 500-days is the same, but the southern 
hemisphere exhibits in addition to the northern one an 
extreme enhancement of period at 660-days seen only in 
the maximum of cycle 22. Behavior of cycle 21 does 
not show any significant power differences between the 
hemispheres except the absence of the power at 1300 
days period in case of the southern hemisphere. 
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