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ABSTRACT: There are many statistics about the
asymmetry of the Northern and Southern
hemispheres.In this paper, we study the sunspot
area and sunspot number of the solar activity cycles
from 19 to 23 solar activity cycles.The extraction
of rieger-type periods for the solar northern and
southern  hemispheres is carried out by
synchrosqueezed wavelet transform (SSWT) and
wavelet analysis(WT), respectively. Afterwards,
the mean period scales of rieger cycles of the
corresponding activity cycles are obtained by the
fitting method and global wavelet analysis,
respectively. From there, the asymmetry of the
mean period of rieger-type periods on the northern
and southern hemispheres scales is comparatively
analyzed.
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I. INTRODUCTION

The activity of the sun can be presented in
various ways, such as solar flares, sunspots, solar
prominences, etc. It has been shown that Rieger-
type periods are found among the different activity
indices of many solar periods ¥, that their origin is
the complex dynamics of the solar interior, and that
the Rieger-type cycles are associated with solar
activity at stronger periodicities.The intensity of
solar activity is usually asymmetric between the
northern and southern hemispheres ', which may
indicate a similar behavior in Rieger-type periods.
Previous articles identified rieger period in the
range of 150-185 days . We analyzed the sunspot
data during the 19-23 solar active cycles and
extracted the period components using SSWT and

WT, which have different values in the northern
and southern hemispheres, thus the Rieger-type
periods has a north-south asymmetry in the sunspot
region. The study of rieger period not only provides
statistical information about solar flares and control
mechanisms, but also has important significance
for the spatial and temporal evolution of magnetic
phenomena in the subphotospheric layer. In
addition, sunspots have a close relationship with
auroras, crop vyields, and telecommunication
communications on the Earth, and the prediction of
future trends in solar activity through the study of
the activity patterns of sunspots in the northern and
southern hemispheres can effectively improve our
way of life.

I1. SSWT AND WT

CWT can also handle such signals, but its
resolution is weak due to the Heisenberg
uncertainty principle, and the results obtained are
not satisfactory when reconstructing complex
signals.And the simultaneous compression wavelet
transform as a high-resolution time-frequency
transform.
For a signal x(t) containing white noise, its wavelet
coefficients can be expressed as:

W (ab) = a /2[ 7 x(®y* (52) dt

@)

when both the scale a and the value of the
time offset b are real, Wx(a, b) can be obtained
from Equation (1) as the wavelet coefficients of the
original signal x(t). Also a suitable mother wavelet
y(t) needs to be chosen for processing the signal.
The y+(t) is the conjugate complex of y(t).
Then, the instantaneous frequency of the original
signal is estimated by equation (2).
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w,(a,b) = —i(Wy (a, b)) " - W, (a, b)
2)

Then a time domain to frequency domain
transformation is performed[4]. In performing the
SST, the wavelet coefficients are calculated from
the ky, value ay in the time domain. o, is the central
angular frequency in the interval [o| . 1/2-®, o +
/2-®,]. Tx(w;, b) in the interval can be expressed
by ;, which leads to:

Tx (Ojl,b) =
(Aw) %y, Wy(ay, ba, /* (Aa),  (3)
where (Aa)k = ak — ak—1, Aw = ©, — ®._1, and a, =
|ox(ay, b) — )| < Aw/2.
The reconstructed signal is then obtained by
inverse wavelet transform:

x(t) = Re[Cy T Ty (w), DAw]

10 A~, . dl

Cp=3ls I ®T
where (s(€) is the Fourier transform of the
mother wavelet y(t), and Cy is the normalization

constant [5].

WT is becoming a common tool for analyzing local
variations in power within time series. By

decomposing the time series into time-frequency
space, one is able to identify dominant patterns of

4)

variability and how these patterns change over time.

In this paper, WT was used to find rieger-type time
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scales in two data series. Global wavelets are
performed to obtain the average periodic scale.

The steps of WT usually include the following:

1. wavelet transform: the original signal or data is
subjected to a wavelet transform to decompose it
into wavelet components on different scales and
frequencies.

2. Power Spectrum Estimation: Calculate the power
spectrum for each wavelet component to determine
the contribution of different frequency components
3. Scale Spectrum Estimation: Estimates the
spectral properties at different scales to reveal the
scale dependence of the signal or data.

4. phase spectrum analysis: analyze the phase
relationship ~ between  different  frequency
components to understand the temporal relationship
between them.

IHl. EXPERIMENTATION

In terms of data selection, we conducted a
comparison experiment by comparing the solar
period extracted from two data: daily sunspot area
and sunspot number. The two data sources are (1)
the daily sunspot area of the Royal Observatory of
Greenwich for 1874-2016 and (2) the daily sunspot
data of the Royal Observatory of Belgium for
1874-2016.

Souttern Pemigrese Songot Mt D

Fig.1 Sunspot data (sunspot area data on the left, sunspot number data on the right; northern hemisphere above
and southern hemisphere below).

Since we know a priori that the rieger
period is around 150 to 180 days, we perform band
interval screening of the raw sunspot data by
SSWT.Considering that the SSWT algorithm has a
certain error in screening the frequency band, and
that the rieger period signal is not completely

within the interval of 150~180, we selected the
frequency screening interval between
0.004~0.01HZ, which corresponds to the period of
100~250 days. The signal extraction of the raw
data by SSWT vyields the northern and southern
hemisphere rieger signals as in Fig. 2:
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Fig.2 SSWT extracted rieger signals (sunspot area data on the left and sunspot humber data on the right; where
blue indicates the northern hemisphere and red the southern hemisphere.)

The obtained rieger signals are then
segmented according to the corresponding solar
activity cycles, and the rieger signals of 19~23

solar activity cycles are obtained, respectively, as
shown in Fig. 3:

The northem and southern hemisphere rieger signals for the 19~23 solar cycles
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Fig.3 19~23 solar activity cycles southern and northern hemisphere rieger signals (sunspot area data on the left,
sunspot number data on the right; where blue represents the northern hemisphere and red represents the southern
hemisphere.)

The extracted rieger signals are then fitted,
the signals are Hilbert transformed to obtain the
corresponding instantaneous frequencies, and then
the anomalies caused by Nyquist noise are deleted,
and the resulting instantaneous frequencies are
subjected to a probability density distribution, and
ultimately Gaussian fitting is performed, and the

highest point of the fit is the average period of the
weekly rieger period of the solar activity cycle.

The resulting fitted image of the mean
period obtained from the rieger signal for the
northern and southern hemispheres is shown in
Figure 4 below:
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Fig.4 Fitted image of the instantaneous frequency of the rieger signal (sunspot area data above, sunspot number
data below; where the left is the northern hemisphere and the right is the southern hemisphere)

Compared to earlier intelligent algorithms
such as EMD [6], SSWT is not affected by the
uncertainty principle and has anti aliasing and anti
noise capabilities.

WT is a mathematical technique used to
analyze and process signals, images and data. It
was first proposed by Torrance and Compo in 1998
and is primarily used to analyze data in the field of
marine and atmospheric sciences in order to better
understand climate and weather patterns. This
analytical method combines the features of wavelet
analysis and spectral analysis and can be used to

study the time and frequency characteristics of
signals and data. The main idea of WT is to
decompose a signal or data into wavelet
components on different scales (or frequencies) in
order to better understand its variations over time
and frequency. This type of analysis can help
identify periodicities and trends in a signal, as well
as fluctuations on different scales.

WT of the solar data was performed to
obtain Figures 5, 6, 7, and 8:
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Fig.5 Global wavelet analysis of northern hemisphere sunspot area data for wavelet analysis during the 19-23
solar activity cycles.
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Fig.6 Global wavelet analysis of southern hemisphere sunspot area data for wavelet analysis during the 19-23
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Fig.7 Global wavelet analysis of northern hemisphere sunspot number data for wavelet analysis during the 19-
23 solar activity cycles.
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Fig.8 Global wavelet analysis of southern hemisphere sunspot number data for wavelet analysis during the 19-
23 solar activity cycles.
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The average period of the rieger signals in the northern and southern hemispheres obtained from SSWT

and WT were counted to obtain the following Table

1:

Tab.1 The average period of the rieger signals

Average SSWT

period g5 SSN
Cycle N S N
19 165 164 162
20 162 171 173
21 167 173 168
22 179 172 167
23 166 163 166

1V. CONCLUSION

As can be seen from Table 1, both sunspot
area and sunspot number are characterized by
rieger signals, while their extracted period scales
will have different conclusions with different
extraction methods.

In the 19th, 21st, and 23rd solar weeks,
the average period scales of the rieger cycles in the
northern and southern hemispheres extracted from
the sunspot area data and the sunspot number data
by SSWT do not differ much, but the rieger signals
extracted from the two data in the 20th and 22nd
solar weeks are somewhat different.

WT has some limitations when extracting
the mean period of rieger signals. Although
wavelet analysis can effectively extract features
from complex multi-frequency  astronomical
signals. However, its extraction of the mean period
may be affected by the combined effect of the
relatively weak circumferential magnetic field and
torsional oscillations ™, resulting in localized
analyses where the rieger period does not exist in
some solar activity cycles. For example, the
northern hemisphere sunspot number data for the
22th active cycle, whereas SSWT has the
advantage over wavelet analysis for feature
extraction in that it can accommodate a wide range
of signal types, including both periodic and non-
periodic signals, and is more stable. WT has
significant differences in the processing of the two

164

170

178

168

175

WT

SSA SSN

N S N S
166 138 159 179
164 173 137 189
171 166 179 158
208 184 - 181
179 146 151 173

data, which is a limitation of WT itself.
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