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Abstract. We present a review of different solar flare periodicity intervals. Our analysis includes a
statistical investigation of flare occurrence and NS hemispheric distribution over the last three 11-yr
solar cycles (SCs 21-23, corresponding to the period 1976-2001). Moreover, we try to estimate if
there is any connection between the flare activity and the strength of solar cycles. For that purpose,
we studied not only the number of flares occurring monthly and annually, but we also used two
indices that estimate the energy emitted by flares registered in the optica Hs ling, as well as in the
soft X-ray 1-8 A band. The strange behaviour of SC 22 descending phase, with short but intense
increments in flare activity, having a high degree of N-S asymmetry, could be the cause of the
"abnormal" appearance of SC 23. The new magnetic dipole begins to lose part of its energy even
during the descending phase of SC 22, so that the activity of SC 23 proves to be below the predicted
values.
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INTRODUCTION

Solar flares are wonderfully complex phenomena, seen as sudden and intense
increases in brightness on the solar disk. They occur when magnetic field loops
undergo reorganization, releasing energy into the solar corona and chromospheric
plasma. It is widdy accepted that they are the result of the rapid conversion of a
large amount of magnetic energy, previoudy sored in the solar corong, and
disspated through magnetic reconnections. The release of energy tekes place in a
matter of minutes to a hours, and can amount to vaues up to 10°°J (10* erg). The
resulted electromagnetic radiation can extend over a very broad range of
wavelengths, from gamma rays at the shortest wavelengths to radio waves a the
long-wavelength end of the spectrum. The energy released hests the surrounding
plasma to temperatures that could be as high as 50” 10° K, representing the highest
temperatures that plasma can reach in the solar atmosphere. It is now well known
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that flares act as very efficient particle accelerators. Through the eectric fidds
asociated with the varying magnetic fidds that are characteristic for such
magneticaly complex active regions, eectrons and ions could be accelerated to
energies up to 100 MeV.

R. C. Carington as wdl as R. Hodgson detected the firgt flare independently
on 1 September 1859. It was seen as a loca and short-duration brightening on the
white light image of the Sun. Neverthdess, flare data were very scarce for more
than seven decades, as not many flares release as much energy so that to be seen in
the continuum.

Following G. E. Hde€s invention of the spectrohdioscope during the 1920s,
flares begun to be dudied in the opticd H; emisson ling being continuoudy
monitored at this wavelength from ground stations since 1936. With the advent of
space-based observations, flares have been observed throughout the short end of
the electromagnetic spectrum, from ultraviolet through to gamma rays. Since 1975
they are continuously registered aso in soft Xray (SXR; 8 A), complementary to
the “classic” Ha line patralling.

Not surprisingly, the successive opening of new observational windows to
the flare phenomenon has resulted in the development of classfication schemes
particular to given wavelengths. These classification schemes encompass flare size
and morphology, and, in the case of flare-associated energetic particles, the particle
composition.

There are two widely used classfication systems that address flare “size€” or
“importance’. The first of these is the H classification scheme that was devdoped
during the 1930s. It consists of a character (S = subflare, or 1, 2, 3 and 4 for
successively larger flares) that denotes the flare size, and a letter (f = faint, n =
norma, b = bright) corresponding to a subjective edimate of the emisson
intengty. Thus, the most outstanding flares are classified as 4b and the smdlest and
faintest as .

A second classification that has come into common usage since about 1970 is
based on SXR observaions of the Sun in the 1-8 A band by Earth-orbiting
satellites. The size of the flare is given by the pegk intendty (on a logarithmic
scale) of the emisson. Flares are classified with a letter (A, B, C, M or X
corresponding to the power of 10 (-8, -7, -6, -5, -4, respectively) of the peak 18
flux in units of Wi and a number (I- 9) that acts as a multiplier. When flares
occasiondly exceed class X9 in intendty, they are referred to as X10, X11 etc.
events.

Continuous flare obsarvations are very important not only for solar studies
but also for the consequences tey have in the heliosphere, which affect the Earth
environment from the outer limits of the magnetosphere to the ground. In the neer -
Earth space environment, flares cause immediate increases in the flux of ionizing
radiation such as highly energetic eectrons, protons and photons. They are aso
correlated with delayed complex geomagnetic effects at Earth: the aurora and
temporary disruption of the Earth's magnetic fidd are generdly observed 240148
hours after the occurrence of a solar flare. This delay time corresponds to the
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trangit time of the solar particles accelerated in the flare magnetic structures that
propagate out from the Sun at about 1000 km/s(in comparison with only 3001400
km/s, the dow solar wind speed). However, flares are not the only solar
phenomena associated with aurorae or geomagnetic sorms (Mari® et a., 2002b
[18]). Corond mass eections, sudden disgppearing filaments, eruptive
prominences or Earth-directed fast solar wind streams adso cause terrestria
magnetic disturbances.

The interest in sudying those fluctuations increased with the increasing
usage of spatid and terrestrial technological systems, which are affected by such
events. They can destroy satdlites in bw orbits, disrupt radio communications,
cause damaging surges in long length power grids and corrode pipelines. For a
more detailed description of space weeather phenomena and associated terrestriad
effects, see Popescu and Mari®, 2002 [2]].

In this paper we invedtigate the flare occurrence as registered both in H ad
soft X-ray (SXR) during the period 1976-2001, representing the solar cycles (SCs)
21- 23. For this purpose we use two types of flare indices. a frequency index (the
tota flare number, also divided on flare subclasses), as well as two importance
indices that estimate the flare energy release for both types of flares considered.
We use not only the H index, defined in 1952 by Kleczeck [9], but aso the SXR
flare index recently introduced by Mari® et al. 2002b, 2002c [18, 19].

We begin in Section 2 with a description of flare periodicity, followed, in
Section 3, by a presentation of the data, indices and method of andyss used. Our
results structured as regards the 11-yr and 22-yr cycles, together with a sudy of the
flare occurrence in the northern and southern solar hemisphes (the N-S asymmetry)
are summarized in Section 4. The derived conclusions are given in Section 5.

FLARE PERIODICITY

Obsavations indicate that flare occurrence follows certain periodicity
intervas. At a short-term scae, they undergo a 28-day periodicity, obvioudy
related to the active region distribution on the solar disk. On longer -term intervals,
several other cycles tave been noticed to exist in the flare occurrence. They are
reviewed in the following subsections.

Solar rotation period

The 28-day periodicity can very clearly be observed in "butterfly diagrams'
that represent a graphica illustration of the flare postions in respect to the solar
latitude and the time of their occurrence. One can see such a diagram, made for the
last two solar cycles, in Fig. 5 of Mari® et d., 2002c [19] (the "buterfly diagram”
for Xray flares, 1986- 2001). A "nervure’ structure appearing in both hemispheres
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from the highet to the lowest latitudes, with a tempord dimension of
goproximatdy 13-14 days, can be defined as a “fingerprint” of the flare
occurrence. This gtructure is more evident if we made separately the diagram for
different X-ray flare spectra classes (Fig. 1).

Fig. 1 - The butterfly diagram for X-ray flares (1986 — 2001): Gtype flares, upper pand; M &
X-type, bottom panel); (on the data provided by WDC-Afor Solar —Terrestria Physics, NOAA
E/GC2, Broadway, Boulder Colorado 80303, USA)
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The butterfly diagram for H flares (1994 — 2001); (on the data provided by WDC-A for Solar —
Terrestrial Physics, NOAA E/GC2, Broadway, Boulder Colorado 80303, USA) (eg. only a few
solar rotations) confirms the tempora dimension of this “nervure’: approximately
13-14 days. This obvious agglomeration of flares for hdf a solar rotation period
seems to be caused by the presence on the visble disk, at different latitudes, of
some very flareprolific active zones.

It was actualy shown that more than 50% of flares occur in less than 4%
solar area, namely in the “energetic flare zones’, as defined by Verma et d., 1987
[25] or “superactive regions’, as named by Bai, 1987, 1988 [4, 5]. Those are large,
magneticdly complex aress and thus very productive in energetic solar
phenomena

The 11-yr cyde

The 11-yr cycle, generdly defined through the sunspot relative number, is the
most evident periodicity that can be seen in dl the solar atmospheric phenomena. It
certainly represents the clearest periodicity observed dso in flare behaviour, flares
following the cycle evolution with their power and frequency of occurence
increasing towards the activity maximum. However, ther time digribution is not
the same as for sunspots. Generdly, the flare cycle has a longer maximum phase;
flares of small importance usudly have their maximum before or coincident to the
sunspots one, while the mgjority of more energetic flares occur later (Dinulescu
and Dinulescu, 1991 [6]). On the descendant phase there are aso some periods
with increased flare activity, greater than for sunspots, especialy for periods closer
to the minimum They represent the energy released mainly by smdl importance
flares (Popescu et d., 2002 [22]), that probably appear because of the interaction
between the magnetic fields on large as well as smal scaes, belonging to the old
and respectively to the new solar cycle, with a reversed dipole. Most of those
pulses from the descendent solar activity phases have geophysical effects on the
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terrestrial environment (Mari® et a., 2002b [18]).

The 22-yr magnetic (Hale) cycle

A 2-yr unit of solar periodicity has been taken into consideration since
1919, when G. E. Hde noted that the magnetic polarity of the preceding and the
following spots of the bipolar regions reverse from one 11-yr cycle to the next, in
each solar hemisphere. Moreover, the Sun's magnetic polarity reverses from a pole
to the other after the sunspot maximum (Babcock and Babcock, 1955 [3]). This
megnetic cycle, composed of two (statisticaly defined) 11-yr cycles, represents, in
fact, the Sun's “physicaly true’ cycle (Mari® et a., 2001 [16]). It is dso referred to
asthe Hde cyde (HC).

The majority of HCs seemed to follow a certain “rule’: the second 11-yr
cycle of the pair is expected to be more powerful. This is known as the Gnevyshev-
Ohl rule (G-O rule; Gnevyshev and Ohl, 1948 [8]) but, for the first time in the last
140 years, it is now being broken.

Because of this empiricd rule, it was generdly predicted, for the current 11-
yr cycle, a much higher value for the smoothed sunspot number, as well as for
other solar activity indices. Moreover, based on the G-O rule predictions, it was
expected that the SC 23 would be the highest ever observed. Surprisingly, the
amplitude of the relative sungpot number was smdler for the current cycle than for
the previous one (Mari® et d., 2000 [15]).

Generdly, the reaive sunspot number most commonly defines the aspect
and drength of a solar cycle, because it is the index with the longest record in
history. Other indices of solar activity display, in generd, smilar trends, but not
adways. For example, the totd solar irradiance displays a smilar vaue for the
current maximum as for the previous one (as noted by Jones et d., 2003 [12]). If
any uncompensated systematic instrumenta effects do not affect this observation,
it is quite a surprise that the Sun did not undergo any increase in its total energy
output. Such an increase is expected to be detectable with the precison of the
nowadays instruments, due to the fact that it is supposed to become hotter and
hotter.

Fare occurrence apparently had a higher maximum in the current 11-yr SC
than the previous one, contrary to the sunspots. Nevertheless, as we will show later
in the paper, flares of smdl importance imposed this tendency. The total number of
flares is indeed higher in the current cycle, but when looking at other flare indices
that estimate the amount of energy released, their values are smaller comparing to
the previous cycle. Flare behaviour in relation to the 22-yr cycle is therefore more
complex.

North-South asymmetry

A longer-term periodicity was observed in the occurrence of flares, especialy
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related to their distribution on the solar disk.

Activity features from the entire solar atmaosphere do not occur uniformly on
the solar disk, more events appearing nh one or other hemisphere during certain
periods of time. Concerning flare hemispheric ditribution throughout the cycles,
the same behaviour as seen in dl other solar activity phenomena can be inferred.
Moreover, dudies on the flare didtribution seem to be very important, as
magneticaly active regions producing flares and regions with low activity could
originate from different levels of the convection zone (Bai, 1987; 1988 [4, 5]). The
asymmetry of solar flares could therefore add precious information to the solar
dynamo theory.

A peiodicity of aout 11-12 years was found in flare hemispheric
digribution, but whether or not it is related to the classcd sunspot cycle is ill
controversid. Most of the authors that studied this subject concluded, nevertheless,
that the asymmetry is not in phase with the 11-yr SC (eg., Garcia, 1990 [7];
Vizoso and Balester, 1990 [27]; Temmer et d., 2001 [23]). Longer-term periods
were aso suggested: 8 SCs (Vizoso and Ballester, 1990 [27]; Atag and Ozgiic,
1996 [1]) and even 12 SCs (Verma, 1992 [26]; Li et d., 2002 [13]).

However, based on such sudies, the asymmetry of the solar activity in the
present SC should favour the southern hemisphere, but current data suggest
otherwise (see Sect. 4.2).

DATA AND METHODS

The number of different types of flares was often used as index in Satitica
studies of flare occurrence or flare N-S asymmetry. This index reflects how
frequently solar flares appear during one intervad or in one solar hemigphere and
gives little informaion about the associated energy release. Its main time variation
isthe 11-yr cycle.

Other types of indices, which contain more information on the importance of
these phenomena, are dso used to evduae the energy released by flares (eg.
Knoska, 1985 [L0]; Mari®, 1987 [14]; Atag and Ozgiig, 1996; 2001 [1, 2]). Such
indices prove more useful in the andyss of flare spatid digtribution, and reved
flare concentrations in active longitudes or in one solar hemisphere (N or S; NS
asymmetry). In fact, there are two different classes of indices. frequency indices
and importance indices (Kuklin, 1976 [11]).

We are andysing here the energy released by both H ..¢ SXR flares during
the lagt three solar cycles (the period 1976-2001), using two types of indices that
evduate it: the Q index for H 4. and the Q, index for SXR flares. We study the
monthly, as well as the annua vaues of their digtribution. Data used in this study
were provided by WDC-A for Soa—Teredrid Physcss NOAA E/GC2,
Broadway, Boulder Colorado.

The Q index, computed by Atag and Ozgiig, 1996; 2001 [1, 2] from January
1976 to July 2000, was defined by Kleczeck, (1952) [9] for describing the H, flare
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activity over a 24-hour period, as.
Q =it @

where i represents the intensity scale of importance of a flare in Hoand t the
duration of the flare in minutes. It is assumed that this reationship evauates
roughly the total energy emitted by flaresin the H, line.

Flares dso emit an important amount of energy in soft X-ray. For estimating
the flare energy release in the 1 8 A band, we quantified them over a period of 24
hours. Thus, we caculated the index Q, defined by Mari® et a. (2002b; 2002c [18,
19]) through:

Qx:ix’ t, (2)

where i, is the intensty scde of importance of the X-ray flare spectral class. To
obtain find daily vaues, the daily sums of the index for dl SXR flares are divided

by the sums of tota flare duration for that day. We defined 'x asin Table 1, based
on the classficaion of solar flares according to the magnitude order of the pesk
burst intensity within 1-8 A, measured from Earth-orbit. This evauation is smilar
to that carried out on H, flares energy release.

There is a difference between the indices derived from the two different kinds
of flare classfication: the Q index is defined using the area covered by flares in H

while the Qx index is defined using the energy emitted at the maximum phase in
1-8 Aby SXRflares,

The Qx index as a good indicator for the importance of SXR flares, eg. an
importance index. Moreover, we conside that it helps comparing the two classes of

flares, by providing information on the energy released by the X-ray flares.

Table 1 - Thei, coefficient values for the different spectral classes of SXR flares

SXR class ix
B 0.5
1.1-50C 10
51-99C 15
11-50M 20
51-99M 25
1.1-50X 3.0
>51X 35

We firg analyse the time digtribution for SXR and H flares, by the monthly
number of the events for the period January 1986 — March 2001. We overviewed
their monthly digtribution by splitting them into two caegories. The histograms
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representing the monthly number of flares for each category are plotted in Fig. 3, as
follows

- Uupper pand: medium energetic — C type (12,146 events);

- middle pand: high energetic — M and X type (2,809 events);

- lower pand: C, M and X type (14,955 events).

Because the energy emitted by the low energetic flares (B and A type) is very
smdll (3, repectively 4 orders of magnitude smaler than for the X type) we did not
introduce them in the tota flare counting.

Such datigtics help us evauating the flare occurrence during the present HC
(the period 1986-2001).

Fig. 3.

In Fig. 4 we present the monthly variation of the Q, and Q indices during the
present HC. This plot underlines the importance of the flares registered both in
SXR (through the energy emitted at 1-8 A) and H band (through the area of each
event).

Fg. 4.

In order to have a larger span of daa for our anadyss, we extended the
monthly and yearly vaues of the Q, and Q indices with one more 11-yr cycle (SC
21). We now have adata set of 25 years (1976 —2001).

Moreover, for better inferring the cycle characteistics of our indices, we
cdculated the smoothed monthly mean vaues for Q, and Q. This smoothing
method is also used for the sunspot relative number in forecasting studies, because
it eiminates the seasond variaions. The monthly smoothed values are caculaed
according to:

Que* Qe+ zlé.st
Qe 7o )
24

The smoothed vaues of the two indices, (magnified by 10 for the Q index and
by 100, for the Q, index), are given in Fig. 5 where one can aso see, for
comparism, the smoothed sunspot numbers.

Fg. 5.

In addition to the monthly digtributions, we have dso considered the annud
vaues of the flare indices for the extended period of time. The histograms are
plotted in Fig. 6, which dso displays the annuad sungmt relaive number. The
difference in the level of flare activity and in the dope and the duration of each
phase for the last three SCs is beautifully seen as regards the yearly trends of both
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indices.
Hg. 6.

Generdly, for a given index, C, separately determined for both solar
hemispheres, one can cadculate two dmogt equivaent asymmetry indices:

4

We have chosen the A index for our studies of flare asymmetry during the
last three SCs, and we have calculated it for the SXR flare number (N), as well as

for the Qx index.
We have therefore evauated the degree of NS asymmetrical digtribution for

the SXR flares (cdlasses B, C, M and X) using the index of type A defined for the
number of SXR flares, as:

Ny - N
AN:NN+NS!
N S

©

where NN and Ns represent the number of flares in the northern and southern

solar hemispheres, respectively. The An vaues were caculated both monthly and
annudly.
We have esimated the N-S asymmetry of SXR flares for the importance

index Qx , by the asymmetry index, Ao, defined as:

:QN_QS 6
AQ Qn + Qs ©

The monthly degree of flare asymmetry, described by the Av and Ao
indices, is further presented. In Fig. 7 we have plotted their smoothed vaues in
order to mark out the trend of the asymmetry.

Fg. 7.

In Fig. 8 we evauate the annual NS asymmetry of the indices used, N and
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Qx, as cdculated with formulas (5) and (6), respectively.

Fig. 8.

ANALYSYSOF THE RESULTS

The 11- and 22-year cycles
4.1.1. Flare numbers

The histograms representing the monthly number of C, M and Xtype SXR
flares during the last HC (the period January 1986 — March 2001) show the
following characteristics the pair of the 11-yr cycles considered (see Fig. 3):

» For SC 22, SXR flares showed a remarkable increase during 1988, a high
activity during the following two years (1988-1989) and a second
maximum during 1991. After 1991, the activity began the descendent
phase but had a sudden growth for the period June 1994 —May 1995. The
whole cycle is characterized by an dternation of the activity between G
typeand M & X-type solar flares.

» For the SC 23, the activity increased after the end of 1997 for both
classes of SXR flares, until the year of maximum (2000). The high flare
activity after November 1999 could be remarked. The mog intense C-
type flare occurrence took place in March 2000 (with a number of 303
flares of this type). Four maxima are reveded for the M & X-class of
flares in November 1999 (41 M & X-class flares), March 2000 (40
flares), July 2000 (54 flares) and March 2001 (38 flares), the third being
the most prominent.

We have found a very smilar behaviour dso for the H, flaoes. A more

detailed datistica analyss for this type of flares is given by Temmer et d., 2001
[23].

4.1.2. Flareimportance indices. |. Monthly values

In Fig. 4 one can see the aspect of the importance indices during the present
magnetic cycle. There is a large maximum period of flare occurrence for both the
22" and the 23 SCs. As more largely discussed in Popescu et d., 2002 [22], Q,
periods of maximum are even wider than for the Q index.

For SC 22, the double maximum gructure of Q. is present asit was for the Q
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index. Other characteristics are the pulses of higher activity on the descendent
phase and the oscillations during the minimum.

When looking at the generd layout of the importance indices (Fig. 4), one
can rotice that their values are smdler for the current 11-yr cycle in comparison to
the previous one. That behaviour is in contradiction to the one displayed by the
totd number of SXR flares, which has a higher maximum in SC 23 than in SC 22.
Nevertheless, & it can very easly be inferred from Fig. 3 (upper pand), this trend
was imposed by Gcdlass flares, who release a smal amount of energy. Actudly, the
contribution of Gclass SXR flares to the Q, index is of about 43%, and hence M
and X flares influencemore the index appearance.

4.1.3. Flareimportanceindices. I1. Mediated values

In order to evduate the flare activity during the last three solar cycles, we
cdculated the mediated vaues of Q and Q, indices. The andysis was done for the
total length (T) as well as for the ascending (A) and descending (D) phases of each
cycle. These mediated vaues Q,, axd Q,,) were obtained by summing the values
of Q and Q, indices for each period consdered, and than dividing it by the number
of the months of the selected interval.

As one can e in Table 2, Q, vaues are bigger for SC 21 than for SC 22
while the Q,, values are exactly the same for both cycles. For SC 23 we do not
have enough data for al estimations, and therefore we cdculated Q, and Q,,, for
only for the ascending phase. The Q_,, vaue for the ascending phase of SC 23 is
comparable with the corresponding values of SCs 21 and 22, while the Q,, vdue
for SC23 is much smaller than for SCs 21 and 22.

Table 2 - The mediated vaues of the Q and Qy indices for the total length (T),
the ascending (A) and descending (D) phasesof SCs21- 23.

SC phase period Cm [ Q&m
21 T Jun. 1976 — Aug. 1986 9.33 | 081
A Jun. 1976 - Nov. 1979 | 8.13 | 0.73
D Dec. 1979- Aug.1986 | 9.95 | 0.85
22 T Sep. 1986 — Sept. 1996 | 6.99 [ 0.81
A Sept. 1986- Jun. 1989 7.17 | 0.81
D Jul. 1989 - Sept. 1996 6.92 [ 0.81
23 A Oct. 1996- Mar. 2000 3.69 [ 0.73

We dso evduated the maximum phases (M) of SCs 21 and 22 by the
mediated values, caculated for four years and 10 months for the first cycle and
four years, respectively, for the second one (see Table 3). The obtained vaues of
Q. and Q. ae practicaly equa for the two cycles but higher than their vaues for
other phases or for the whole length of cycles.

As previoudy noted, the descendant phases of both SCs 21 and 22 present
some sudden growths (“pulses’) of flare activity. The indices mediated values
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during these periods are dso given in Table 3. One can observe that the values for
both pulses of SC 21 are comparable to the index mediated vaue over the whole
cycle. The same observation is vdid dso for the first pulse of SC 22, but the
following pulses are much lower.

Table 3 - The mediated vaues of the Q and Q indices during the maximum phases (M1, M2)
and the “pulses’ on the descending phase for SCs 21(P1, P2) and 22 (P3-P5).

SC period Qm Qxm |

21 M1 Feb. 1978 — Dec.1982 15.69 | 1.22
P1 May — Oct. 1983 890 | 1.00
P2 Jan.— May 1984 9.76 [ 1.10

22 M2 Feb.1988- Feh.1992 14.74 | 1.40
P3 Feb.— Jun. 1993 6.75 | 1.00
P4 Oct. 1993— Mar. 1994 292 | 0.65
P5 Jun.— Oct. 1994 134 [ 0.35

4.1.4. Flareimportanceindices. I11. Smoothed values

From the smoothed vaues of H, respectively SXR flare indices (Fig. 5) it
can be inferred the trend of the SCs, regarding the flare energy release, in
comparison to the classica 11-yr cycle of sunspot number. For SC 21, it is clear
that the maximum values of the indices for eech flare type are ddlayed in respect to
the sungpot numbers. For SC 22, the maxima happen smultaneoudy and show the
same double-pesk structure. For of SC 23, one can see that the maximum smoothed
values for both the Q index and sunspot numbers are aso tempordly coincident
and it seems that they will both have a second maximum.

4.1.5. Flareimportance indices. 1V. Annual values

In Fig. 6 we plotted the annud variation of Ha and SXR flare indices for SCs
21- 23 (gray and black histograms, respectively) together with the annua sunspot
number.

The annud vaues of the Ha flare index present, for SC 21, a maximum
phase of four years during 1979 1982, with the highest value in 1982. SC 22 show
a very sharp growth during the ascending phase and a double maximum profile for
the years 1989 and 1991, the first pesk being the highest. These epochs are
coincident with the maximum ones for the sub-flares (in 1989) and the flares of
importance 2 2 (in 1991), respectively. The minimum period between SC 22- 23 is
more prominent than for SCs 21- 22. SC 23 presents a lower flare energy release
on the ascending phase in comparison with SC 22 and dso a steeper dope.
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For the SXR flare index, the maximum phase of SC 21 is longer (five years,
1978- 1982). SC 22 shows the same double maximum structure in 1989 and 1991,
with the firgt peak higher, but closer to the value of the second one. The growth in
the activity of SC 23 is stepper, due to the fact that during this cycle there are more
flares of smal importance. The annud vaue of the Q index for 2001 is dightly
higher than for the previous year, in contradiction to the annual sunspot number.

N-Sasymmetry

We have analysed the NS asymmetry of both flare types in order to check if
there is any periodicity in their hemispheric occurrence. We made a comparison
between the asymmetry of the totd number of flares and the SXR flare index
during the period 1976 — 2001 for their monthly distribution (Fig. 7), as well as for
their smoothed vaues (Fig. 8).

In Fig. 8 we notice the near identical variaion of the NS asymmetry for the
two indices, N and Qx, even if they have a different nature (N is a frequency,
and Qx isan importance index).

A generd trend can be inferred for the N-S asymmetry curve during a SC. At
the beginning of a cycle, there is a preference for one of the hemispheres, while
during, or immediately after the maximum epoch, the N-S asymmetry drops
sharply towards zero and remains very low until the polarity reversa of the solar
magnetic fidd. After this moment, in which a new dipole with inverse polarities is
indaled, the N-S asymmetry increases again, ether in favour of the opposte
hemisphere (for SC 21, it goes from North to South), or in favour of the same one
(as for SC 22, where the southern hemisphere remains dominant). The current data
of SC 23 does not dlow us to yet infer which hemispheric preferences the flare
activity will have on the descending phase of this cycle. Nevertheless, for the year

2001, the AN and AQ indices show that, even if in the southern hemisphere there

were more SXR flares, the energy released by the northern ones was much grester.
The smoothed value curve alows the inference of a variation tendency. For a

clearer picture of the asymmetry indices, we present in Fig. 7 the smoothed values

of boththe AN and Aq indices.

The two curves evolve nearly identicaly until July 1993. During the interva
July 1993 - July 1997, they present an anti-phase evolution with short exceptions
during the following periods. April- July 1994; April- July 1995; May- June 1996,
which are srangdly placed at oneyear intervas. The inverse dynamics of the two
indices is present again between October 2000 - July 2001. These periods
correspond to the descendent phase of SC 22 and to the maximum phase of SC 23,
respectively.

There is an explanation for the abnorma appearance of SC 23. During the
years 2000- 2001, a large number of very powerful SXR flares were registered,
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(eg. the events of July 2000 and March- April 2001) as well as many smdl flares
(C and B spectra classes). Mari® et d., 2002c [19] showed that during certain
periods there is an dternation between the emergence of werful SXR flares (X
and M classes) and small importance flares (C class). When we calculated the daily

Qx index, we divided it by the total flare duration. Therefore, when there is a large

number of C and B class flares, the vaue of the Qx index could be small, whereas
when there are even few M and X class flares the index values increases.

In order to evauate what can produce the anti-phase evolution of the two
asymmetry indices on the descending phase of SC 22, we try to estimate the
strength of an entire cycle, on different phases and during some evident "pulses’ of

activity, through a mediated vaue, Qxm. These values were obtained in the same
manner as for the Tables 2 and 3, for three different intervas: the entire length (T)
of the cycles, the ascending phase (A) and the descending phase (D). For SC 23,
instead of the total duration of the cycle, we took into consderaion only the period
avalable, 1996- 2001, and we left out the descending phase. Our caculation used
the minimum and maximum epochs of the considered cycles given by WDC- A for
Solar-Terredtrid Physics, NOAA. For the phases of SCs 21- 23 we cdculated the

index Qxm, separately for the northern and southern hemispheres (Table 4). One

can notice a southern dominance for SCs 21 and 22 with the exception of the
acending phase of SC 21 All the asymmelry vdues ae rdaivedy smadl
irrespective of the cycle phase or the entire solar cycle.

Table 4 - The vaues of the Q,,, indices for the northern and southern hemispheres,
during different phases of SCs21-23.

SC | phase period hemisphere | Qm A Qxm
N 0.49
21 T | aun 1976 —Aug. 1986 -
9 S 0.50 0.01
N 0.59
A | Jun. 197 - Nov. 1979 +0.19
n. 1976 ov. 19 S 020
N 051
D | Dec 1979- Aug. 1986 - 011
ec w9 S 063
22 T Sep. 1986 — Sep. 1996 N 0.52 -
S 0.60 0.07
A | Sep.1986- aun. 1989 N 052 _go7
S 0.60
N 051
D | Jul.1989 - Sep. 1996 5 ST - 0.09
2 Oct. 1996 —Dec. 2001 N 0.56 +0.15
S 0.41
N 043
A Oct. 1996- Mar. 2000 5 == +0.01

SC 21 had a northern hemispheric dominance for the ascending phase, which
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shifted to the South for the second part of the cycle. For the entire cycle, we found
a very weak southern dominance, as did most of other authors (see eg. Temmer et
al., 2002 [24]). For SC 22, our data show a southern preference, in agreement with

other results from literature. One should notice the constant values of the Qxm
index in both hemispheres for both phases, and for the entire cycle. The main
feature of SC 23 up to the year 2001 is a northern dominance of SXR flares, the
same as for H, flares and the flare index.

We have dso caculated @xm for the maximum phases of the cycles. We
conddered that the maximum phase begins in the month when the activity
exceeded by 50% the level reached during the previous one and end in the month
when the activity decreases by gpproximately 50% and then continues to go down.

Thus, we note the obtained periods with M in Table 5. The Qxm value for

the maximum phases of the solar cycles in both hemispheres shows the high energy
level emitted by SXR flares in those periods, in comparison to the entire cycle or
its ascending or descending phases aone. The N-S asymmetry during the

maximum phase is dmost zero, the vdue of the Qcm index being practicdly the
same asit isfor the entire cycle (seerow T in Table 4 and rows M in Table 5).

Table 5 - The vaues of the Q. indices for the northern and southern hemispheres,
during the maximum phases and the “pulses’ on the descending phase for SCs 21

and 22.
sC Period Hemisphere Qum A Qm
N 0.01
M 1978 — Dec 1982 +0.01
P 5 0.89
N 0.08
2 g Mar—Oct 1983 S 551 - 050
S — N 0.53
Jan—Jun 1984 S 067 - 0.12
N 0.05
| M| Jun1988 — Feb 1992 S Tos ] -0 ||
Feb 1993 — Jun 1993 N 067 | 003
- s 0.63
8| oct1903 - Mar 1004 N 043 | 4028
3 S 0.24
N 0.13
1n-Oct 1994 S oo - 027
23 M| May1999- Jan2001 N 081 | ,o05
S 0.74

The difficulty of andysing the "pulses’ of activity on the descending phase
darts from their definitions. In the panels of Fig. 4 these "pulses’ can clearly be
seen. Also, the data show that they do not gppear smultaneoudy in the two
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hemispheres, but they present a certain delay. We have chosen to sdect the pulse

intervals over the entire disk and to caculate the Qx,m index separately for both
hemispheres, corresponding to these intervals (see Table 5).

The vaues obtained for the Qxm index reved an incressed energy of the
SXR flare activity and a degree of asymmetry differing from that of the descending
phase of the cycle. Therefore, even if in SC 21 the asymmetry is larger than in the
descending phase, it keegps a southern dominance, whle for SC 22 two of the
pulses show a northern preference, contrary to the whole cycle, which is southern
dominant. This could be due to a certain influence of the new magnetic dipole
appearing after the polarity reversa. The northern dominance of the sdar activity
for SC 23, afesture dso displayed by SXR flares, may confirm this hypothesis.

CONCLUSIONS

The study of flares is significant not only for better understanding the Sun,
but dso for learning about acceleration mechanisms of solar particles and being
aware about the space weather phenomena they could trigger on the terrestrid
environment. Forecasting space wesather is extremely important, not only for the
space missions having astronauts on board, but also for avoiding money losses due
to dameges that more and more spatia and terrestrid technologica systems can
suffer because of some space weather disturbances.

For over 35 years, the forecasts are continuoudy improved but there ill are
a lot of difficulties in making a complete, rapid and effective prediction of flare
occurrence. Statistical studies of solar flare occurrence represent a vauable tool for
improving their forecast methods both a short- and long-term time scales.

It is difficult to define an index that encompasses dl the information about
the flare phenomenon, especidly evauaing the emitted energy. The number of
flares reflects, unambiguoudy, the 11-yr solar activity cycle.

Attempting to evaduate through an index, as accuratedly as possble, the
energy emitted by flares is useful for understanding the dynamica evolution of the
solar magnetic fidd and of the solar cyclic activity, in generd. Such an index exists
dnce 1952 for H. flares (Kleczeck, 1952 [9]). Even if flares begun to be
registered dso in SXR since 1975, from above the terrestrid amosphere, a similar
index that would reflect the importance of the events in this band was only recently
introduced by Mari® et a. (2000b, 2000c [18, 19]). In this paper we extended its
comparison with the totd number of flares and with the H, importance index.

In this context, our study leads to the following conclusions:

> Haes are better defined through importance indices, as regards the

knowledge about the amount of energy released, then through frequency
indices.

> Hy and SXR flare indices show a delay regarding the sunspot numbers
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for SC 21, while for SC 22 and 23 their time distribution is dmost
coincident.

> Even if from SC 21 to SC 23 there is a decrease in the energy emitted by
H. flares, as seen through the Q index, (see Q. vaues in Table 2), the
amount of energy emitted by SXR flares, quantified through the Q, index
is about the same for dl cycles (see Q ,,, valuesin the same table).

> The degree of N-S asymmetry for both the frequency and the importance
indices confirms the anti-phase SXR flare emergence for spectral classes
M & X and, respectively, class C, noted by Mari® et ., 2000 [15].

> The degree of asymmetry for the Q, index is congtant during dl phases of
SC 22 and in the favour of the same hemisphere (South), while for SC 21
the asymmetry goes from North (ascendant phase) to South (descendant
phase), even if with small values (see Table 4).

» The asymmetry of solar flares as regards the SXR importance index (see
Table 5), is dmost aisent during the maximum phases of solar cycles, a
feature identified by many authors, aso for other flare indices.

» The evduation of N-S asymmetry through mediated vaues of an
importance index reveals only smdl differences between the two solar
hemispheres (see Table 4). This may suggest the fact that the asymmetry
of solar activity on long time scales (years, cycle phases, whole cycles) is
an atifact cased by the utilization of inadequate indices.

» Even if the asymmetry is practicaly missing during the maximum phases
of s, for the activity “pulse” on the descendant phases the values of the
asymmetry increase towards one or the other hemispheres. This fact
could be determined to the presence on the solar disk of some active
regions with a lifetime greater that a solar rotation period.

»  The drange behaviour of SXR flare activity on SC 22 descending phase
could be the cause of the "abnorma" appearance of SC 23, i.e, the new
megnetic dipole begins to lose pat of its energy even during the
descending phase of SC 22. Consequently, the activity of SC 23 proves to
be well below the predicted vaues.

»  Findly, we condder that the detailed study of the descending and the
minimum phases of the SCs, a the stage when magnetic phenomena
from both the old and the new cycle interact in the solar atmosphere,
would be useful for inferring information about the activity level of the
next cycle.
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Figure Captions

Caption Fig. 1 - The butterfly diagram for X-ray flares (1986 — 2001): Gtype flares, upper panel; M
& X-type, bottom panel); (on the data provided by WDC-Afor Solar —Terrestrial Physics, NOAA
E/GC2, Broadway, Boulder Colorado 80303, USA).

Caption Fig. 2 - The butterfly diagram for H, flares (1994 — 2001); (on the data provided by WDG-A
for Solar —Terrestria Physics, NOAA E/GC2, Broadway, Boulder Colorado 80303, USA).

Caption Fig. 3 — The monthly distributions of the X-ray flares during January 1986 — March 2001 (C-
type flares, upper panel; M & X-type, middle panel; C, M & X type, bottom panel).

Caption Fig. 4 - The monthly variations of the Q, index for the X-ray flares (upper panel) and the Q
index for Hy flares (bottom panel) during the period January 1986— March 2001.

Caption Fig. 5 - The smoothed monthly mean values of: the Q index (magnified by 10), the Q, index
(magnified by 100); the sunspot numbers during the period July 1976 — Dec. 2001

Caption Fig. 6 - The annual values of the Q index and of the Qy index (magnified by 10) and the
annua sunspot numbers during the interval 1976- 2001.

Caption Fig. 7 - The smoothed curves of the N-S asymmetry for Q, and N indices.

Caption Fig. 8 - Theannual N-Sasymmetry of N and Q, indices.
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Figure 1

Figure 2.
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Figure 3.

Solar flare cycles
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Figure 4.
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Figure5.

T
AR Ew AL
Y EELEY AR/
/ A/

0 t
Jul-76 Jul-78 Jul-80 Jul-82 Jul-84 Jul-86 Jul-88 Jul-90 Jul-92 Jul-94 Jul-96 Jul-98 Jul-00

" = ™ smoothed sunspot numbers; smoothed values of Q (x 10);

smoothed values of Qx (x 100).




167

Solar flare cycles

Figure 6
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Figure 8.
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