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Abstract

� In previous works it was shown that the periodicity of the 
manifestation of solar activity in the Northern and 

Southern hemispheres of the Sun is essentially different 

and form the N and S cycles of activity. 

� Among the detected differences of N and S cycles: the 

start and end time, the discreteness properties, the 

dynamics of the main periods, the time of the maxima, 
the periods of "faults" and "synchronization". 



N and S activity on the Sun





Introduction

�Currently, solar cycles view prevails using mean 

monthly values of the various indices and their 

annual smoothed values for the entire solar disk.

� This view creates an illusion of monotony 

changes major indices at all phases of the solar 

cycle.
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N and S cycles activity

N cycle Sp-T min Long T min Sp-N min Long N-min Sp-S min Long S-min

12 1878,54 10,46 1878,17 10,66 1878,84 10,21

13 1889,00 11,50 1888,83 11,75 1889,04 11,50

14 1900,50 12,54 1900,58 11,67 1900,54 12,54

15 1913,04 10,00 1912,25 10,67 1913,09 10,12

16 1923,04 10,17 1922,92 10,41 1923,21 9,96

17 1933,21 10,29 1933,33 10,34 1933,17 10,12

18 1943,50 9,96 1943,67 10,16 1943,29 9,96

19 1953,46 10,29 1953,83 10,00 1953,25 10,25

20 1963,75 11,92 1963,83 11,09 1963,50 12,67

21 1975,67 10,29 1974,92 10,75 1976,17 9,92

22 1985,96 10,00 1985,67 10,25 1986,08 10,04

23 1995,96 11,75 1995,92 10,91 1996,13 11,79

24 2007,71 2006,83 2007,92



2.3 – 1.2 yr

4 – 2.1 yr

2.4 – 1.3 yr

≈ 5 yr



N and S cycles (period 3-7 years)



Major intervals periods 

manifestations of solar activity

�Long-period (about 11 years).

�During periods of moderate 

duration (2-7 years)

�Fluctuations of (O-C) (less than 2 

years)





Statistical and physical activity indices

� W =  WN + WS

� Sp = SpN +SpS

� FI = Fi + Fi S

� spotless days = sdN +sdS                   



Anti-cycles of solar activity

� The spotless days "contains 
important information about the 
periods ending generate magnetic 
fields, groups of spots.

� They describe the properties of anti-
cycles activity, which can be 
identified on the basis of daily data.

� We evaluated anti-index cycle of 
solar activity in the form of monthly 
values of the number  «spotless  
days « as a percentage of the total 
number of days in  month.

Spotless period



Spotless data on SIDS
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Variations of anti- cycles N and S 

activity  hemispheres within one year.



N and S anti-cycles solar activity

≈ 11 

yr

≈

≈ 5 
yr

≈

y



Dynamic 6 year period in N and S anti -

cycles solar activity

≈ 6 yr ≈ 6 yr



Coronal Holes cycles

�Coronal holes are long-lived on the Sun.

� Their life times can reach 27 rotations of the Sun.

�Coronal hole is dynamic structure, they can change 
their shape, texture and brightness during one rotation of 

the  Sun.(V.N. Obridko «Relationship between the 
Parameters of Coronal Holes» Solar Phys (2011) 270: 297–

310)

� Their evolution differs from the evolution of groups of 
sunspots.



Coronal holes cycles



Coronal holes is main sources 

magnetic storms  in nearest future



Cycles of North and South coronal 

holes (2002-2016 years)





Predictions of cycles solar activity –

base data

� The existence of cycles and anti-activity cycles of 
Northern and southern hemispheres, manifestation of 

their discrete nature of basic property of the solar cycle.

� The cycle of solar activity is a periodic process 
constantly implemented the Sun discrete way.

� The Sun is always active and this should be taken into 

account in the projections on the solar-terrestrial 

relationship. ..



N and S cycles (Sp, more 2 years periods )



19 cycle (SpN-S)
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24 cycle (SpN-S) Filtr ( more 2 years)



24 cycle activity (SpN-S)
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Conclusions

�The formation of each cycle is the result of 

the joint effect of long-period (11 years) 

periods of moderate duration (2-7) and 

short periods (less than 2 years).

�2-7 years periods and shorter when 
transitioning between cycles suggest 

merging, splitting and limiting its lifetime.



Сonclusions

�Difference of properties of cycles and anti-cycles of 
activity for Northern and southern hemispheres is 
their fundamental and must be at the heart of 
modern models of solar cycles and their prediction

� The characteristic property of manifestations of 
cycles is their discrete nature, which requires an 
adequate view.
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Irregular jumps of large amplitude lead to a decrease in the amplitude 

of time series model, however, the "growth-max-decline-min" 

elements are reproduced close to the original

It is convenient to divide a series of 

into long-term (years) and fast (ten

days) variability ranges, for a separ

analysis. This greatly speeds up calcu

and allows to more accurately deter

periods of oscillations that can be l

against on other's hi-amplitude
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Smoothed FFT filter data, 
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Adding individual forecasts fo
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cycle can help improve quality o

forecast in comparison with dir

calculation for entire series.



24 cycle24 cycle

2019 min.2019 min.

2023.5 max.2023.5 max.

2030 min.2030 min.

Forecast based on the Lomb-Scargle spectrum Start 

prediction, 

2017

Start 

prediction, 

2017

Forecast based on the FFT 

spectrum

Examples of forecasts, where the spectra Lomb Scargle (least squares method) and FFT are used 

to determine the initial parameters of the sinusoids. Both methods have an wrong deviation in 

growth phase of the 24 cycle and a good match with the original data in the phase of the 24 

cycle decline. Best coincidence when applying Lomb Scargle spectrum for forecast.

Forecast 

Area 2010-

2019

Area of discrepancy, 2010.3-

2013.7, the forecast line is higher 

than real data

Area of approximate 

coincidence in decline phase 

of 24 cycle

Test forecast 25 cycles. We used 1

undamped sinusoids based on the Lo

Scargle spectrum. A minimum of 24 cy

is possibly in 2019, a maximum of 2

cycles in 2023.5, the next minimum

2030. A robust fit uses the Pearson

distribution to minimize deviation of

model from original data points.



ORIGINAL OBSERVATIONAL DATA AND MAP OF ANOMALOUS 
GEOMAGNETIC FIELD ON TERRITORY OF UKRAINE.

Odessa

magnetic

anomaly

Magnetic anoma
are regions on t
Earth's surface 
which value an

direction of the Ea
magnetic field ve
differs significan

from normal value
geomagnetic fie

Local magnetic
anomalies reach a
of hundreds km2,

associated wit
structure of upp
parts of crust (i

particular, occurre
of iron-bearing ro

or features of
magnetization o

surface rocks

Kiev

city

The original data sets are every minute counts of the 

full induction vector of geomagnetic field, obtained at 

magnetic observatories near Odessa and Kiev cities. 

One of largest magnetic anomalies in Ukraine is located 

in territory of Odessa and the Odessa region.

The original data was very noisy and for remov

noise and drop-out points and fill small data gaps
Fourier-smoothing and approximation method w

used.



VARIATIONS OF GEOMAGNETIC FIELD. KIEV 2015.

On the FFT spectra (Fast Fourier transform) of complete vector of geomagnetic field inductio
obtained at observatories "Odessa" and "Kiev" regular variations of magnetic field with perio
of 24 and 12 hours are allocating, as well as harmonics of 8 and 6 hours, sometimes less. Th

are created, mainly, changes in electric currents in ionosphere of the Earth during the day.

An example of digital recording of magnetic field induction 
in the observatory "Kiev", October 2015.

Area of rapid 
variability

However, these

periods are 

unevenly distribu
in time, their 

amplitude is 

different for differ

months, and valu
of these period

also change, 
especially durin
magnetic storm



Integrated studies of solar activity (multiwaveleng

radio) CrAO

Based on RT-22 and three 
small radio telescopes there is 

complex of multiwave study 
solar activity. 

It is included in the world 
network of 14 ground stations 

and orbital observatories.

)



Thank you !


