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ABSTRACT

Time variations of the flare index, sunspot numtzerd

the total sunspot areas were compared with the
composite irradiance during the cycle 23. The
intermediate-term periodicities in these time seriere
calculated using the Fourier and wavelet transfoifa.
found that the Rieger-type periodicities and haric®n
are significant during this cycle. These periodksit
appeared intermittently and were not simultanegus i
different solar activity indices between the thyemars

of the maximum phase of the solar cycle 23.

+PVTQFWEVKQP

Helioseismic data have shown that the rotation cdte
the Sun near the base of its convective zone clsange
with a period of roughly 1.3-year (Howe et al. 2R00
Another periodicity in solar activity indices arauf50-
160 days is seen to vary approximately in phask thig
1.3-year. Based on this Krivova and Solanki (2002)
have proposed that the 150-160 days period ishting t
harmonic of the 1,3-year period. If so we can ekfieat
any fluctuation in the dynamo will manifest itséifthe
intermediate-term variations of the solar activitglices

as a periodic emergence of magnetic flux with the
harmonics of this period.

In this study to find some additional results ore th
simultaneous variations of the sunspot and flare
activities with the solar irradiance we investighthe
intermediate-term periodicities and their statatic
significance during the solar cycle 23. On the ptrend
these efforts could help us add some new additional
information to the prediction methods for futurdaso
cycles.
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We used four solar activity indices which are flargex
(F1), solar irradiance (IR), sunspot number (SSN)l a
suspoy areas (SSA). Our data sets constitute tie da
values of the mentioned indices which covered the
running solar cycle 23 between the years 1996 a0d 2
(see Fig. 1). In this study we applied the wavelet
transform analysis to the time variations of thaspot
total areas, the sunspot numbers, the flare indexttae

composite of the solar irradiance during the rugnin
solar cycle 23.

The wavelet transform (WT) analysis yields inforioat

on periodicities of the studied signal in both tiked
frequency domains. Therefore we have also applied
wavelet analysis to the time series of the daillarso
activity indices mentioned above to study the terapo
variation of the intermediate-term periodicities.
Algorithm of the continuous wavelet transform was
applied within the period range 20-200 days (Tareen
and Compo, 1998). The Morlet wavelet, a plane sine
wave with an amplitude windowed in time by a
Gaussian function, has been selected to search for
variability of the time series of the daily sunspeeas,
the sunspot numbers, the flare index and the coitepos
of the solar total irradiance data. The used period
resolution varied from 0.4 to 11.2 days. The caltad
wavelet power is suppressed on the edges of the tim
domain due to the applied WT algorithm within the
cones of influence located at the temporal edgebef
domain which is indicated in our plots by crossehatl
regions. The non-dimensional frequency has beetoset
6 fixing the length of all wavelets according tceith
scale. The significance level of the calculated WT
power was derived using the null hypothesis assgmin
existence of the global power spectrum (Torrenag an
Combo, 1998). The 95% confidence level, used is thi
study, implies that 5% of the wavelet power shdugd
above this level for each period. Following thisywthe
plots of wavelet power spectra (WPS) are giveniq F

2 for each activity indices.
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Extensive analysis has been done to find
intermediate-term periodicities in the range betw2é
days and 11 years in similar solar activity indices
Among these the period around 150-160 days is the
most known one which has been discovered by Rieger
et al (1984) in the occurrence of high energetices.
Since then many researchers using different solar
activity indices continue to investigate the Rietgre
periodicities (Zieba et al. 2001; Ballester, Olivand
Carbonell 2002. 2004 ; Krivova and Solanki, 20023j,B
2003; Lou et al. 2003; Knaack et al. 2005)

the



Table |

Fundamental period of Sun and its harmonics seémeidifferent indices which we considered

Period

Sunspot Area

Sunspot Number

Irradiance

Frbakex

Near 25 days

2000.1-2000.4/
2001.1-2001.3

1998.8-1999.2/
2000.0-2000.4

1998.8-1999.3/
2000.7-2000.9

1998.7-1999.8
2000.4-2000.6

Near 50 days 2000.5-2002.0 2000.8-2002.0 1999.9-2001.0 19990030
Near 75 days 1999.8-2001.8 2001.0-2001.6 2001.2-2001.8 19990820
Near 100 days 2000.5-2001.2 2001.5-2002.4 1999.9-2001.0 19990B.20

Near 125 days

1999.5-2000.5

1999.7-2001.2

Near 150 days

1998.6-1999.8

1999.0-2000.3

2000.7-2001.5

Near 175 days

2000.8-2002.3

2000.2-2001.4
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Figure 1. The plots of the time variations of tloairf
solar activity indices between January 1, 1996 to
December 31, 2004. Heavy lines sh2ivdays running
mean. Units of the sunspot area and the composite o
the solar irradiance are millionths of solar hesphere
and Wrif respectively. Thin lines demonstrate the daily
values.

In this study we applied the wavelet transform gsial

to the time variations of the sunspot total arehs,
sunspot numbers, the flare index and the compaosite
the solar irradiance during the running solar cyZk
Their wavelet power spectra were prepared for e 2
200 days range. To provide a complete view of the
temporal variability and to compare the periods agsd
each activity indices all the plots were combined a
shown in Fig. 2. As can be seen the statistically
significant periods appeared during the time irderv
1999-2002 which covered the maximum phase of the
running solar cycle 23. Anyway, previous cycle gael
already done has shown that Rieger-type periodgiti
operated mainly during maximum phases of solaresycl

for only short time intervals. The time intervaler f
different indices can be seen in Table | over wtitud
power of the Rieger-type periods has been peakieid. T
helped us to see when the fundamental period and
certain subharmonics occurred or disappeared for
different time series. Comparing our values of qasi

in Table | with the temporal interval length wheret
power is enhanced, it is clearly seen that theasign
strongly intermittent. In order to distinguish beem the
wavelet powers around the 100 —180 days oscillation
the temporal evolution of wavelet power correspogdi

to 100 — 180 days period in four activity indice® a
plotted separately in Fig. 3. The following mayhmtead:

1) The wavelet power of this oscillations peaks
between the years 2000-2002.

2) The peaks of the irradiance, the flare index, the
sunspot humber and the sunspot total area are
in the years of 2000.2, 2000.5, 2001.3 and
2001.4 respectively.

3) The peak which is seen in the plots of the three
activity indices at the end of the year 2003 was
mostly due to the unexpected increase of the
high solar activity during the time period
October-November 2003. All the flux had
come only from two big sunspot groups. That
is why we could not see this peaks in the
period-averaged plot of the sunspot number
power.

4) The four activity indices which we studied do
not show simultaneous peaks.

A common feature in most of the previously publihe
papers was that the reported intermediate-term
periodicities were close to integer multiples gbexiod
around 25-26 days (Knaack et al., 2005). Bai and
Sturrock (1991) were first formulated this hypoikes
They proposed an obliquely rotating structure owvava
pattern as a possible mechanism for this fundarhenta
period and modified its value to 25.5 days. In sturdy

we have found statistically significant evidence fioe
periodicities near 25, 50, 75, 100, 125 and 15Gday

They occurred intermittently in sunspot areas, gans
number, flare index and the composite of the total



irradiance during the maximum phase of the solatecy
23.
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Figure 2. The wavelet power spectra of the totalspot
areas, the sunspot numbers, the composite of tlae so
irradiance and the flare index time series for treziod
range 20-200 days. Grey-scale coding of power from
black to white represents the square root of poivea
linear scale given on the right side bar. The saligve
shows the 95% confidence levels of the local power
above the noise level assuming noise independemce o
periods. The cone of incidence is marked by theszro
hatched regions.
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All of the above studies and ours have shown that t
appearance of the Rieger-type periodicities isiagmt
during this running cycle. These periodicities agpe
intermittently and were not simultaneous in diffgre
solar activity indices between the three years haf t
maximum phase of the solar cycle 23.

The unpredictable high solar activity periods swsh

October- November 2003, November 2004 and January Figure 3. Behavior of the period-averaged WT poufer
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2005 showed us that we need other mechanisms to the intermediate-term periods (100-180 days).

explain the unexpected increases of the solar igctiv
during the descending branch of the solar cycles.

horizontal line show 95% confidence levels of these
period-averaged power spectra.
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