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Abstract

We present here a study of long term periodicities and hemispheric periodicities in sunspot numbers
(SSNs) during solar cycle 23 and 24. We have utilized Fast Fourier Transform (FFT) technique for the
determination of periodicities. We found a long term periodicities of 3, 4, 6 and 12 years for SSNs when
examined for cycle 23 and 24 combindly. We found short term periodicities corresponding to the solar
rotational periods in the range of 25 to 36 days. We found mainly 26, 27, 28 and 36 days periodicities in
this category. Other short term periods of 45 and 83 days were exhibited by SSNs. Rieger type
periodicities of 112, 131, 133 and 182 days were observed for SSNs when studied for long term
periodicities by taking the monthly time series. Annual period of 1 year and quasi Biennial periods of 1.5,
2 and 2.4 years were observed in this study of SSNs.
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1. Introduction

In this study, we have examined the periodicity in sunspot numbers (SSNs) for the solar cycles
23 and 24. This property of solar activity is correlated with periodic variations in the solar
magnetic field generated by the solar dynamo (Pesnell, 2015) 2. Magnetic field polarity
activity follows a 22-year cycle of periodic change, however the most well-known periodicity
is the 11-year solar cycle, commonly known as the Schwabe cycle (Schwabe, 1843) 4%, Every
solar activity feature, from days to years, is impacted by these periodic variations (Nayar 2006;
Kilcik et al. 2010; Mendoza & Velasco-Herrera 2011; Du, 2012; Zou & Li 2014; Li et al.
2016, 2017) [33. 23,32, 18,50, 50, 301 Regarding the short-term data, the most notable periodicity is
27 days, which is associated with the change of solar flux at earth by solar rotation. Midrange
periodicities are defined as those with periods longer than 27 days to 11 years (Bai, 2003) [,
Bai (2003) [ examined SXR flares for the midrange periodicities during solar cycles 19-23.
Over this span of solar cycles, several periodicities were discovered like 33.5, 51, 85 and 129
days periodicity. The Sun's characteristics can be inferred from the periodicities of various
classes of SXR flares (Bai 2003) %I, In their study of midrange periodicity, Choudhary, D. P. et
al. (2014) 113 ysed sunspot area, flare occurrence, and coronal mass ejections. They discovered
that while flux emergence, which is represented by sunspot area, has multiple periodicities, the
periodicities of CME and flare occurrences differ from flux emergence's. In a recent study,
Oloketuyi et al. (2019) [ examined solar X-ray flares and sunspot numbers during solar
cycles 23 and 24, finding that different periodicities are obtained for different SXR flare
classes. Kilcik et al. (2020) 1 observed a 546-day periodicity in the maximum CME speed
index after examining the temporal and periodic change of the index together with several
classes of solar X-ray flares. They also discovered that C and M-class flares had a frequency of
1024-1170 days.

Examining the sunspot number periodicities is crucial for forecasting space weather
conditions. Here we present the study of periodicity in sunspot numbers during the solar cycle
23 and 24. Section 2 presents the Observations and methodology. In section 3, analysis and
results are described. Section 4 contains the discussion and conclusion.
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2. Observations and Methodology

In this study, we have used the time series data of daily
sunspot numbers (SSN) during solar cycle 23 and 24. The
data for the period of 1996 to 2019 is provided by the
Brussels World Data Center for sunspot numbers (SIDC)
http://www.sidc.be/silso/datafiles.

We have used Fast Fourier Transform (FFT) method for the
determination of periodicities in daily sunspot numbers. In
order to evaluate the power spectrum analysis of daily and
monthly SSN, Fast Fourier Transform technique is very
useful tool for the periodic analysis of time series. However,
this method was firstly employed by Kili¢ (2008) [?1. The
power density spectrum of the signal shows how the power of
the periodic signal is distributed among various frequency
components. We have used an autoregressive modeling
process to estimate the statistically significant peaks and we
have used 95% confidence level to define the prominent
periods present in the data series. Since the FFT analysis uses
an algorithm that allows us to scan a part of the power
spectrum with any desired resolution in frequency (or period)
that’s why we have analysed the data for different frequency

https://www.mathsjournal.com

domains and then we have drawn the power spectrum of
frequency domain (f=1/T) for each solar cycle. Thus, in
power spectrum of FFT, the spectrum is plotted between peak
power and frequency.

3. Analysis and Results

We have examined the total sunspot numbers for various
periodicities while accounting for the 23rd and 24th solar
cycles. The ensuing subsections provide the detailed study.

3.1 Periodicities in Sunspot Numbers

In Figure 1, the FFT periodogram is displayed for SSN during
cycle 23 and 24. We have taken the monthly data of SSN
during solar cycle 23 and 24 for finding the higher mid-term
or long term periodicities. The famous periodicity in sunspots
is 11 year solar cycle. Here we got the highest periodicity of
12 years. We found that periodicities of 3 and 2.4 years are
most prominent. Other periodicities with periods 2, 4 and 1
years are also detected as prominent periods. We have found
also Rieger type (mid-term) periodicity of 131 day and
intermediate period of 313 days.

SSN SC 23&24

131 days

313 days 1yr

Power

2yr

24yr

3yr

12 yr

6 yr

4yr

T .
0.23 0.08

Frequency (Log 10 Scale)

0.04 0.002

Fig 1: Fast Fourier transform periodogram for SSNs during solar cycle 23 and 24.

In Figure 2, we have plotted the FFT power spectrum of SSN
for solar cycle 23. We found number of resolved peaks of
different periods, which contain the periods of 27, 36, 83,
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112, 133 and 365 days. Much more peaks are obtained in this
periodogram with some lower amplitude.
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Fig 2: Fast Fourier transform periodogram for SSN during solar cycle 23.
. SSN SC24
2.0x10 T T T T T T T T
26 days 28 days 45 days
27 days .
1.5x10" 7
;\

-
<% 1
S 10x10' i
[@)
o

5.0x10° =

T T T T T
0.0396 0.0352 0.0308 0.0264 0.0220
Frequency

Fig 3: Fast Fourier transform power spectrum plotted with frequency for SSN during solar cycle 24.

We took the cycle 24 separately to study the periodicity of
SSNs in this cycle. The power spectrum obtained using FFT
method is shown in Figure 3. We have obtained mainly four
periods for this cycle of SSN which are 26, 27, 28 and 45
days. First three periods are approximately similar to each
other. On an average we can take 27 day periodicity as
prominent one.

3.2 Periodicities in Northern and Southern Hemispheres
of Sunspot Numbers

Many solar activity features show the hemispheric asymmetry
in northern and southern hemisphere. The sunspot numbers
also show this hemispheric asymmetry. The different
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periodicities of these solar parameters in opposite
hemispheres lead to the north-south asymmetry (Carbonell et
al., 1993; Oliver and Ballester, 1994; Ballester et al., 2005;
Temmer et al., 2006; Chowdhury et al., 2019 etc) [ 35,8, 46,16
So we plan to investigate the periodicity in different
hemispheres for sunspot numbers during solar cycle 24.

In Figure 4, a power-frequency spectrum of sunspot humbers
during solar cycle 24 (located in northern hemisphere) is
plotted using FFT method. We found that 546 days and 28
days periodicity is most prominent periodicity indicated in
FFT power spectrum. The SSNs in the northern hemisphere
show periodicity of 28, 45, 182, 219 and 546 days.
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Fig 4: Fast Fourier transform power spectrum plotted with frequency for SSNs located in northern hemisphere during solar cycle 24.

Confidence

level of 95% is used to detect the prominent periods.
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Fig 5: Fast Fourier transform power spectrum plotted with frequency for SSNs located in southern hemisphere during solar cycle 24.

In the FFT periodogram of sunspot numbers located in
southern hemisphere for the same cycle (Figure 5), we found
that periodicity of 28 days in northern hemisphere is shifted to
27 days and 26 days. A highly significant periodicity of 274
days was found in southern hemisphere.

4. Discussion and Conclusion

The FFT periodogram method was employed to determine the
short term and midrange periodicities in SSNs for two solar
cycles 23 and 24. We have divided the periodicities in
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different classes (Table 1). Periodicities within the range of 25
to 36 days—centered around 27 days—are generally
consistent with the solar rotation period. This has been
confirmed by numerous studies focusing on various solar
features (Ozgiic et al., 2004; Yin et al., 2007; Kilcik et al.,
2010; Chowdhury et al., 2009, 2011) [40.4%.23. 151 Additionally,
Bai (2003) [1 identified a periodicity of 33.5 days during solar
cycle 23. We found the solar rotation periods of 26, 27, 28
and 36 days in different categories of SSNs. For instance,
periodicity of 28 days was found in SSNs located in northern
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hemisphere of the solar disc, but for SSNs located in southern
hemisphere, two periods of 26 and 27 days were observed.

A mid-range periodicity ranging from 37 to 100 days ws also
detected in our study and designated as other short term
periods. These periodicities are consistent with findings from
previous studies. For example, Atac and Ozgiic (2006) [
identified periodicities of 64 and 83 days while analyzing
total soft X-ray (SXR) emissions and their north-south
hemispheric distribution during cycle 23. Similarly, Kilcik et
al. (2010) 21 reported a 62-day periodicity for solar cycle 23
and a 73-day periodicity for cycle 22. In our analysis, we also
observed periodicities of 45 and 83 days.

Our study also revealed a set of periodicities ranging from
100 to 200 days, which corresponds to the well-known Rieger
or Rieger-type periodicities first reported by Rieger et al.
(1984). In our analysis, we detected Rieger-type periodicities
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of 112, 131, 133, and 182 days. Similar periodicities have
been identified in various solar cycles by other researchers
(Bogart and Bai, 1985; Bai and Cliver, 1990; Droge et al.,
1990; Kile and Cliver, 1991; Joshi and Joshi, 2004; Kilcik et
al., 2010) [% 4 17.22.20. 23] Baj and Sturrock (1991) B! identified
a periodicity of 129 days in their study. Similarly, Oloketuyi
et al. (2019) B8 reported a 128-day periodicity while
analyzing soft X-ray (SXR) flares. Aroori et al. (2021) [*I also
detected several periodicities within this range—such as 112,
131, 148, 164, and 192 days—during their investigation of
sunspot numbers (SSNs) and solar radio emissions for solar
cycle 23. Choudhary et al. (2014) [*3 observed periodicities
between 158 and 182 days in sunspot area data. A near Six-
month periodicity was further confirmed by Vourlidas et al.
(2010, 2011) #7-481 and Choudhary et al. (2014) 3],

Table 1 List of periods obtained for sunspot numbers during solar cycle 23 and 24.

— - - g
Time Series. 125-36 days *| 37-100 days  [101-199 days ¢| 200-330 days (z316y5e:;‘)y s (__fgot?fggg%i > 900 day(sY(:af)'S years)
SSN (23824) : 131 33 365 730, 877 34,6, 12
SSN 23 27,36 83 112, 133 ; 365 §
SSN24 | 26, 27,28 45 ; - ;
SSN NH 24 28 25 182 219 - 546
SSNSH24 | 26,27 ; 274 - i

asolar rotation period, ® other short term periods, ¢ Rieger and Rieger type periods, ¢ intermediate periods, ¢ annual period, fquasi-biennial

periods, 9 other long term periods

We observed the periodicities of 219, 274 and 313 days
designated as intermediate periods. Aroori et al. (2021) [t
found the periodicities having periods of 239, 263, 269, 281,
316 and 317 etc, while investigating the same for SSNs and
solar radio emissions. The category of annual period of 365
days was also detected in our study for both SSNs considered
collectively for solar cycles 23-24 and when taken for cycle
23 only. Several researchers have identified these periodicities
across different solar cycles and parameters (Pap et al., 1990;
Oliver et al., 1992; Howe et al., 2000; Lou et al., 2003;
Knaack and Stenflo, 2005; Aroori et al., 2021) [41.37. 14,31, 21, 1]
Oscillations with periods of 28 to 29 months are referred to as
biennial oscillations, while those occurring near this range are
known as quasi-biennial oscillations (QBOSs). In our study, we
defined QBOs as periodicities between 1.5 and 2.5 years
(approximately 500 to 900 days). Within this range, we
identified periodicities of 730 and 877 days in sunspot
numbers during solar cycles 23 and 24, based on monthly data
used to detect long-term trends. A 546-day periodicity was
found in northern hemisphere sunspot number data during
cycle 24. Additionally, we detected longer-term periodicities
of 3, 3.15, 3.4, 4, 6 and 12 years in sunspot numbers. These
findings are consistent with earlier studies (Nayar et al., 2002;
Ozgiic et al., 2002; Knaack et al., 2004; Lara et al., 2008;
Katsavrias et al., 2012; Aroori et al., 2021) [34 39. 25, 28, 21, 1]
Since we have taken the data for two solar cycles from 1996
to 2020, the highest period found was 12 years (and 6 year, a
factor of 12) corresponding to Schwabe cycle of 11 year.

It is proposed by several studies (Carbonell and Ballester,
1990, 1992; Oliver, Ballester, and Baudin, 1998; Ballester,
Oliver, and Baudin, 1999; Ballester, Oliver, and Carbonell,
2002) [10. 1136, 6 71 that periodicity is associated with the
periodic emergence of the magnetic flux linked to the regions
of strong magnetic field. Sunspots are also the areas of strong
magnetic activity where the Sun’s magnetic field is
concentrated. Emergence of magnetic flux periodically
constitutes the periodic change in sunspot numbers. These
periodicities of sunspot numbers are natural solar phenomena
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which might be the results of variation in the solar magnetic
activity.

Acknowledgement

We acknowledge the open data policy of SIDC. This study
made use of NASA Astrophysics Data System Bibliographic
Services.

References
1. Aroori M, Vemareddy P, Chowdhury P, Yellaiah G.
Solar Phys. 2021;296(3):43.

2. Atac T, Ozgiic A. Solar Phys. 2006;233:139.

3. Bai T. Astrophys J. 2003;591:406.

4. Bai T, Cliver EW. Astrophys J. 1990;363:299-3009.

5. Bai T, Sturrock PA. Nature. 1991;350:141-143.

6. Ballester JL, Oliver R, Baudin F. Astrophys J.
1999;522:1.153.

7. Ballester JL, Oliver R, Carbonell M. Astrophys J.
2002;566:505.

8. Ballester JL, Oliver R, Carbonell M. Astron Astrophys.
2005;431:L5.

9. Bogart RS, Bai T. Bull Am Astron Soc. 1985;17:644.

10. Carbonell M, Ballester JL. Astron Astrophys.
1990;238:377-381.

11. Carbonell M, Ballester JL. Astron Astrophys.
1992;255:350.

12. Carbonell M, Oliver R, Ballester JL. Astron Astrophys.
1993;274:497.

13. Choudhary DP, Lawrence JK, Norris M, Cadavid AC.
Solar Phys. 2014;289(2):649-656.

14. Chowdhury P, Dwivedi BN. Solar Phys. 2011;270:365.

15. Chowdhury P, Khan M, Ray PC. Mon Not R Astron Soc.
2009;392:1159.

16. Chowdhury P, Kilcik A, Yurchyshyn V, Obridko VN,
Rozelot JP. Solar Phys. 2019;294(10):142.

17. Droge W, Gibbs K, Grunsfeld JM, Meyer P, Newport BJ,
Evenson P, et al. Astrophys J Suppl Ser. 1990;73:279.

18. Du Z. Solar Phys. 2012;278(1):203-215.


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics

19.

20.

21.

22.
23.

24,

25.
26.

27.

28.

29.
30.

3L

32.

33.

34.

35.
36.

37.

38.

39.

40.

41,

42,

43.

44,

45,
46.

47,

48.

49,

50.

Howe R, Christensen-Dalsgaard J, Hill F, Komm RW,
Larsen RM, Schou J, et al. Science.
2000;287(5462):2456.

Joshi B, Joshi A. Solar Phys. 2004;219(2):343-356.
Katsavrias C, Preka-Papadema P, Moussas X. Solar Phys.
2012;280(2):623.

Kile JN, Cliver EW. Astrophys J. 1991;370:442.

Kilcik A, Ozgiic A, Rozelot JP, Atag T. Solar Phys.
2010;264:255.

Kilcik A, Chowdhury P, Sarp V, et al. Solar Phys.
2020;295:1-17.

Kili¢c H. Astron Astrophys. 2008;481(1):235-238.

Knaack R, Stenflo JO, Berdyugina SV. Astron
Astrophys. 2004;418:L.17.

Knaack R, Stenflo JO. Astron  Astrophys.
2005;438(1):349.

Lara A, Borgazzi A, Mendes O Jr, Rosa R, Domingues
MO. Solar Phys. 2008;248:155.

Li KJ, Zhang J, Feng W. Astron J. 2016;151:128.

Li KJ, Zhang J, Feng W. Mon Not R Astron Soc.
2017;472:289.

Lou YQ, Wang YM, Fan Z, Wang S, Wang JX. Mon Not
R Astron Soc. 2003;345(3):809-818.

Mendoza B, Velasco-Herrera VM. Solar Phys.
2011;271(1):169-182.

Nayar SRP, Radhika VN, Seena PT. Investigation of
substorms during geomagnetic storms using wavelet
techniques. In: Proceedings of the ILWS Workshop. Goa,
India; 2006. p.19-24.

Nayar SP, Radhika VN, Revathy K, Ramadas V. Solar
Phys. 2002;208(2):359.

Oliver R, Ballester JL. Solar Phys. 1994;152(2):481-485.
Oliver R, Ballester JL, Baudin F. Nature.
1998;394(6693):552-553.

Oliver R, Carbonell M, Ballester JL. Solar Phys.
1992;137(1):141-153.

Oloketuyi J, Liu Y, Zhao M. Astrophys J.
2019;874(1):20.

Ozgic A, Atag T, Rybéak J. In: Wilson A, editor. ESA
Spec Publ. 2002;2:709.

Ozgiig A, Atag T, Rybék J. Solar Phys. 2004;223(1):287-
304.

Pap J, Tobiska WK, Bouwer SD. Solar Phys.
1990;129(1):165-189.

Pesnell WD. Joint Am Astron Soc/Amer Geophys Union
Trienn Earth-Sun Summit. 2015;1:308.04.

Pesnell WD. In: Pelton JN, Allahdadi F, editors. Solar
Dynamics Observatory (SDO). New York: Springer;
2015. p.179.

Rieger E, Kanbach G, Reppin C, Share GH, Forrest DJ,
Chupp EL. Nature. 1984;312:623.

Schwabe H. Astron Nachr. 1843;20(495):234-235.
Temmer M, Rybék J, Bendik P, Veronig A, Vogler F,
Otruba W, et al. Astron Astrophys. 2006;447(2):735.
Vourlidas A, Howard RA, Esfandiari E, Patsourakos S,
Yashiro S, Michalek G. Astrophys J. 2010;722(2):1522.
Vourlidas A, Howard RA, Esfandiari E, Patsourakos S,
Yashiro S, Michalek G. ERRATUM. Astrophys J.
2011;730(1):59.

Yin ZQ, Han YB, Ma LH, Le GM, Han YG. Chin J
Astron Astrophys. 2007;7(6):823.

Zou P, Li Q. J Geophys Res Space Phys. 2014;119:9357.

~213~

https://www.mathsjournal.com



https://www.mathsjournal.com/

