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Abstract—This paper investigates the North–South (N–S) as well as East–West (E–W) distribution and
asymmetry in Soft X-ray f lares (SXR) activity during the period 1976–2019 which corresponds to solar
cycles 21–24. Our results reveal that, cycles 21, 22 and 23 are dominated by southern hemisphere and
the cycle 24 is also found to be southern hemisphere dominated using soft X-ray f lares data. The cumu-
lative plot indicates a slight excess of X-ray f lare events in the southern hemisphere during solar cycles 21, 23
and 24. A significant excess of f lare events in the southern hemisphere has been observed in the cumu-
lative plot during cycle 22. The most prolific latitude band in the N–S distribution is the 10°–20° which
produced maximum number of soft X-ray f lares over solar cycles 21, 22, 23 and 24 whereas no such lon-
gitudinal band is observed in the E–W distribution. The time-latitude plot of SXR f lares is also con-
structed to study the behaviour of N–S distribution. It is also revealed in current work that the occur-
rence (number) of M and X class flares is showing a declining trend since solar cycle 21 till solar cycle 24 thereby
violating the Gnevyshev-Ohl (G-O) rule. A significant eastern dominance is being observed till solar
cycle 23 but the predominance shifted to western hemisphere during cycle 24. Our analysis reveals that
the North–South asymmetry is highly significant in comparison to East–West asymmetry.

DOI: 10.1134/S0016793222030033

1. INTRODUCTION
Various solar activity features are observed to be

non-uniformly distributed in relation to heliographic lat-
itude (north–south) as well as longitude (west–east)
across the solar disk (Joshi et al., 2010). This intrinsic
feature of solar activity is termed as asymmetry. Many
attributes of cyclic activity of the Sun are more clearly
noticeable in the asymmetry of activity indicators
rather than in the activity indicators themselves
(Badalyan, 2012).

The N–S asymmetry in various indicators of solar
activity provides evidence that the two hemispheres
work differently and are governed by independent laws
(Badalyan and Obridko, 2017) and the magnitude of
the north-south asymmetry quantifies this difference
(Badalyan, 2012). The North-South (N–S) distribu-
tion and asymmetry is being studied by many authors
using different solar activity indices. Garcia (1990)
study was based on the large X-ray f lares from GOES
satellite during solar cycle (SC) 20–21. The author
reported that the large f lares were initially more con-
centrated towards northern heliographic latitude but

gradually started shifting towards southern part as the
cycle progressed. The North-South asymmetry of
SXR flare events of intensity class ≥M1 was studied by
Li et al. (1998) throughout the maximum phase of
22nd cycle. They reported an overall southern hemi-
sphere governance during that period. The latitudinal
distribution as well as asymmetry of solar active prom-
inence (SAP) events were studied by Verma (2000)
over solar cycles (19-23). The author reported that
SAP events were more concentrated in 11°–20° latitu-
dinal band in both the hemispheres. Li et al. (2003)
performed the study on north-south asymmetry of
solar active prominence events at low (≤40°) as well as
high (≥50°) latitudes in cycles (19-22). They observed
that the asymmetry at low latitudes did not have any
relation with the high latitudes. Using different limb
and disk features of solar active prominence (SAP)
and total SAP events, Li et al. (2003) found that SAP
events were more concentrated in 21°–30° latitudinal
band during cycle 23. Joshi et al. (2010) performed a
statistical study on soft X-ray f lares and observed a
southern excess during solar cycle 21–23. The asym-
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Table 1. The counts of different intensity classes, the total SXR flare counts and the corresponding percentage in brackets
during SCs 21–24

Class
Number of SXR events in each solar cycle

SC 21 SC 22 SC 23 SC 24

B 2857 (14.38%) 6260 (29.95%) 8414 (36.39%) 5480 (39.77%)
C 14662 (73.78%) 12469 (59.65%) 13144 (56.84%) 7552 (54.81%)
M 2184 (10.99%) 2022 (9.67%) 1440 (6.23%) 702 (5.09%)
X 168 (0.85%) 153 (0.73%) 125 (0.54%) 45 (0.33%)

Total 19872 (100.00%) 20904 (100.00%) 23123 (100.00%) 13779 (100.00%)
metric behaviour of sunspot area, SAP events and Hα
f lares at low (≤40°), high (≥50°) and total latitudes was
investigated by Bankoti et al. (2011). They reported a
southern dominance during cycles 21–23 and north-
ern dominance during cycle 20 at low-latitudes. Joshi
et al. (2015) investigated the temporal evolution of soft
X-ray f lare (SXR) index over cycles 21, 22 and 23 and
found that the asymmetry was significant during the
evolutionary phases of solar cycles. Kramynin and
Mikhalina (2018) analyzed the north-south asymme-
try of latitude-longitude distribution of sunspot num-
ber from 1874–2013 and found that the north-south
asymmetry of sunspot number exists for the latitude-
longitude ranges where solar activity manifested.

In comparison to North-South asymmetry, the
studies related to the east-west asymmetry in various
indices of solar activity are very few. Letfus and Ruz-
ickova-Topolova (1980) investigated the east-west
asymmetry in Hα f lare numbers spanning 1959–1976
and found a statistically significant E–W asymmetry
only for specific time periods. Joshi (1995) using sun-
spot groups, filaments/Solar Active Prominence
(SAP) and Hα f lares data, observed a small eastern
dominance in f lare activity. Using X-ray f lares events
of class ≥M1, Li et al. (1998) did not observe any sig-
nificant east-west asymmetry over the maximum
period of 22nd solar cycle rather a non-uniform distri-
bution of X-ray f lare events was reported. Temmer
et al. (2001) and Joshi and Pant (2005) reported a
slight but significant eastern and western excess in Hα
f lares over cycles 21–22 and solar cycle 23 respec-
tively. Verma (2000) did not observe any significant
east-west asymmetry in SAP events during the period
1957–1998 which is in opposition with the study per-
formed by Joshi et al. (2009) who observed a small E–W
asymmetry in SAP data over cycle 23.

This paper investigates the North–South (N–S) as
well as East–West (E–W) distribution and asymmetry
of soft X-ray (SXR) flares events during the period
1976–2019 which corresponds to solar cycle 21, 22 and
23 and the almost complete solar cycle 24. The statis-
tical significance of solar X-ray f lare predominance in
solar north and south as well as east and west hemi-
sphere has been evaluated using binomial probability
distribution method.
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
2. DATA

For the current work, we have used the soft X-ray
flares (SXR) events for the time span of January, 1976
to May, 2019. The data has been downloaded from
NOAA National Geophysical Data Center (NGDC):
https://www.ngdc.noaa.gov/stp/space-weather/solar-
data/solarfeatures/solar-flares/x-rays/goes/xrs/ and
http://hec.helio-vo.eu/hec/hec_gui.php. A total of
77677 SXR events has been reported during the con-
sidered time period. For the purpose of analysis, the
data has been grouped into four solar cycles which cor-
responds to solar cycle 21 (March 1976–September
1986), solar cycle 22 (September 1986–August 1996),
solar cycle 23 (August 1996–December 2008) and
solar cycle 24 (December 2008–May 2019). In the
catalogue of SXR flare events, the heliographic infor-
mation was not listed for some events. After eliminat-
ing those events, a total of 39892 SXR events for
North-South and a total of 39776 SXR events for
East–West, were used for distribution as well as asym-
metry analysis.

Table 1 lists the total counts of SXR flare events as
well as for the individual (B, C, M and X) classes reported
during the considered time span irrespective of the helio-
graphic information is being provided or not.

From Table 1 it can be observed that most of the
flare activity in all the four solar cycles belongs to the
C class. Also, the X class f lare events contributed less
in the f lare activity during cycles 21–24. The C, M and
X class f lare activities in cycle 21 is more in compari-
son to solar cycles 22, 23 and 24. Figure 1 depicts the
variations in monthly plot of total SXR counts and the
counts of the individual intensity (B, C, M and X)
classes.

3. METHOD

The normalized N–S and E–W asymmetry of the
soft X-ray f lare event counts are being defined by the
asymmetry index which is being calculated using
(Joshi et al., 2010)

(1)

and

( ) ( ),AI N S N S= − +
 2022
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Fig. 1. Monthly plot of distinct intensity class counts as well as the total soft X-ray counts (B, C, M and X classes together) for the
period 1976–2019.
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The AI and A reflects the distribution of the solar
X-ray f lare activity in the north-south and east-west
hemispheres respectively. S and N denote the occur-
rences of SXR flare events in solar south and north
hemispheres. Similarly, W and E denote the occur-
rences of SXR flare events in the solar west and east
hemispheres. If AI > 0, the solar X-ray f lare activity is
being governed by northern hemispheres and if AI < 0,
southern hemisphere governs the solar X-ray f lare
activity. If A > 0, eastern hemisphere dominates the
solar X-ray f lare activity otherwise western hemi-
sphere dominates the f lare activity.

The statistical significance of solar X-ray f lare pre-
dominance in solar north-south and east -west hemi-
spheres has been evaluated by employing binomial
probability distribution. The actual probability P(m)
of obtaining m objects in one class and (n – m) objects
in another (Li et al., 1998; Carbonell et al., 2007) is
given by

(3)

where n corresponds to the number of objects in two
classes. p corresponds to the occurrence probability of
one f lare event in a particular hemisphere, which is 0.5
or (1/2) for the current case. The probability to obtain
more than d objects in one class is defined by (Vizoso
and Ballester, 1990; Carbonell et al., 2007)

( ) ( ).A E W E W= − +

( ) ( ) ( )( )! 1
! !

,n mmnP m p p
m n m

−= −
−

GEOMA
(4)

In general,  > 10% signifies a result which is
statistically not significant (f lare events in north and
south hemisphere is considered to be equal); 5% <

 < 10% signifies a result of marginal signifi-
cance; 1% <  < 5% signifies a result of statistical
significance (N–S asymmetry is an actual event and
not because of random fluctuation) and  < 1%
signifies a result which of high significance (Vizoso
and Ballester, 1990).

3.1. N–S Distribution in Relation 
to Heliographic Latitude

For investigating the spatial distribution of soft
X-ray f lares events in relation to the heliographic lati-
tudes, the soft X-ray flare events have been categorized
into 6 latitudinal bands such as (0°–10°), (10°–20°),
(20°–30°), (30°–40°), (40°–50°) and (>50°), for both
solar north and south hemispheres during cycles 21–
24 and is given in Tables 2–5.

From Tables 2–5, it can be observed that, maxi-
mum number of solar X-ray f lare events occurred in
the 10°–20° latitudinal band during all the considered
solar cycles. Also, the dominant hemisphere is found
to be southern hemisphere during solar cycles 21, 22,
23 and 24 having a highly significant probability value

( ) ( ) .
n

m d

P d P m
=

≥ = 

( )P d≥

( )P d≥
( )P d≥

( )P d≥
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Table 2. Yearly counts of SXR flare at various latitude bands in North and South hemispheres during SC 21. AI indicates
the N–S asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the probability val-
ues are insignificant

Years
Number of f lares at different heliographic latitude

Total AI Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° >50°

1976 N 45 14 6 0 0 0 65 –0.1558 0.0317 S
S 62 22 4 1 0 0 89

1977 N 29 42 45 11 0 0 127 –0.0558 0.1967 –
S 1 40 94 4 3 0 142

1978 N 7 456 196 56 2 0 717 0.2568 1.78 × 10–18 N
S 5 199 191 27 1 1 424

1979 N 220 489 163 43 1 0 916 0.2454 1.98 × 10–21 N
S 31 320 173 31 0 0 555

1980 N 165 401 106 4 1 0 677 –0.0851 5.75 × 10–4 S
S 189 431 155 27 0 1 803

1981 N 326 582 33 2 0 1 944 –0.0151 0.261 –
S 340 511 102 4 16 0 973

1982 N 362 548 50 0 0 0 960 0.0373 0.057 N
S 321 483 87 0 0 0 891

1983 N 72 149 30 0 0 0 251 –0.5882 6.58 × 10–10 S
S 364 519 80 5 0 0 968

1984 N 135 184 15 0 0 0 334 –0.2400 5.52 × 10–13 S
S 194 348 3 0 0 0 545

1985 N 137 6 0 0 0 0 143 –0.0435 0.244 –
S 63 90 3 0 0 0 156

1986 N 106 0 4 0 0 0 110 0.1518 0.021 N
S 72 9 0 0 0 0 81

Total N 1604 2871 648 116 4 1 5244 –0.0352 1.11 × 10–4 S
S 1642 2972 892 99 20 2 5627

Probability 0.258 0.095 1.61 ×10–10 0.138 7.72 × 10–4 0.375
DH – S S – S –
for solar cycle 21–23 and a statistically significant
probability value for solar cycle 24.

Figure 2 depicts the histogram plot of latitudinal
distribution of SXR flares between –50° to 50° lati-
tudes during solar cycle 21–24. In the plot, 0° indi-
cates the Sun’s equator. For better understanding as to
how the spatial asymmetry varies with distinct inten-
sity classes (Joshi and Pant, 2005), the histograms are
also separately plotted for B, C, M and X intensity
classes. From Fig. 2 it can be observed that SXR flare
events exhibit a marked histogram peak at 10°–20° lat-
itudinal band for both positive (north) and nega-
tive(south) sides.

The magnetic dynamo in the Sun is believed to be
the reason behind the Sun’s magnetic field and is root
to different solar manifestation. The solar dynamo
model comprises of cyclic motion of two components
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
(Parker, 1955; Pandey et al., 2015). The poloidal field
component involves in the gas f low from equatorial to
the polar region at the surface due to meridional circu-
lation (Choudhuri, 2011) and in turn carries dynamo
waves from polar to equatorial region from deep inside
the Sun and hence plays a crucial role in magnetic
dynamo of the Sun (Pandey et al., 2015). The toroidal
field component generated at the solar convective
zone base, manifests externally as sunspots and into
flare activity which moves towards the equator (Pan-
dey et al., 2015). The time-latitude plot of such activity
give rise to butterfly diagram. For investigating the
nature of distribution in case of SXR flares at different
latitudes, the time-latitude plot of SXR flares has been
constructed and depicted in Fig. 3 below.

It can be observed in Fig. 3 that the occurrence of
high intensity class f lares is rare near the 0°–5° lati-
 2022



292 AMRITA PRASAD et al.

Table 3. Yearly counts of SXR flare at various latitude bands in North and South hemispheres during SC 22. AI indicates
the N–S asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the probability val-
ues are insignificant

Years
Number of f lares at different heliographic latitude

Total AI Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° >50°

1986 N 22 4 50 7 0 0 83 0.6436 1.86 × 10–11 N
S 7 3 7 1 0 0 18

1987 N 10 35 78 39 1 0 163 –0.4340 2.62 × 10–26 S
S 9 19 267 117 1 0 413

1988 N 4 289 306 69 0 0 668 –0.0585 0.0147 S
S 6 298 373 69 5 0 751

1989 N 39 398 365 103 3 0 908 –0.0243 0.1835 –
S 35 539 323 53 0 0 950

1990 N 138 566 194 76 1 0 975 0.0673 0.0022 N
S 157 400 198 93 4 0 852

1991 N 246 241 197 63 0 0 747 –0.3274 4.711 × 10–55 S
S 359 813 292 12 0 0 1476

1992 N 226 334 47 0 0 0 607 –0.2178 4.42 × 10–18 S
S 320 496 123 6 0 0 945

1993 N 313 279 9 0 0 0 601 0.1049 3.033 × 10–4 N
S 222 218 47 0 0 0 487

1994 N 153 82 1 0 0 0 236 –0.0975 0.0143 S
S 120 167 0 0 0 0 287

1995 N 58 31 0 0 0 0 89 –0.4295 1.007 × 10–14 S
S 70 152 1 0 0 0 223

1996 N 16 50 0 0 0 0 66 –0.1020 0.1241 –
S 51 30 0 0 0 0 81

Total N 1225 2309 1247 357 5 0 5143 –0.1375 6.04 × 10–36 S
S 1356 3135 1631 351 10 0 6483

Probability 0.005 1.98 × 10–29 4.35 × 10–13 0.423 0.151 –
DH S S S – – –
tude bands. However, the low intensity f lares found to
be majorly populating the ±5° latitude band.

The cumulative counts plots have also been plotted
to represent the N–S distribution of flare events, initially
introduced by Garcia (1990), is depicted in Fig. 4. The
vertical separation between the black (solid line) and
gray (dash-dotted line) provides the estimate of
north/south excess till that time.

The north-south asymmetry indices of distinct
intensity f lare (B, C, M and X) classes and of total
SXR flares have been calculated and is plotted in Fig. 5
below. Out of 43 estimated north-south asymmetry
indices values, 28 values are highly significant, 4 val-
ues are observed to be statistically and 2 values to be
marginally significant whereas 9 values are found to be
insignificant. From Figure 5 it can be observed that
the north-south asymmetry index values of distinct
GEOMA
intensity f lare classes and the total SXR flare approxi-
mately follows the same variations.

3.2. E–W Distribution with Respect 
to the Heliographic Longitudes

For investigating the spatial distribution of soft
X-ray f lares events in relation to heliographic longi-
tudes, the SXR flare events has been categorized into
9 longitudinal bands such as (0°–10°), (10°–20°),
(20°–30°), (30°–40°), (40°–50°), (50°–60°), (60°–
70°), (70°–80°) and (80°–90°) for both East and West
hemispheres during solar cycles 21–24 which is listed
in Tables 6–9 below.

From Tables 6–9 it can be observed that there is no
specific longitudinal band which is most prolific in
producing SXR events during all the considered solar
GNETISM AND AERONOMY  Vol. 62  No. 3  2022
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Table 4. Yearly counts of SXR flare at various latitude bands in North and South hemisphere during SC 23. AI indicates
the N–S asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the probability val-
ues are insignificant

Years
Number of f lares at different heliographic latitude

Total AI Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° >50°

1996 N 2 0 0 0 0 0 2 –0.9344 8.20 × 10–16 S
S 37 14 7 1 0 0 59

1997 N 13 78 100 8 0 0 199 0.1775 6.49 × 10–4 N
S 2 48 79 10 0 0 139

1998 N 3 234 171 19 1 0 428 –0.0573 0.0452 S
S 0 138 326 13 3 0 480

1999 N 46 388 274 31 4 0 743 0.0918 3.85 × 10–4 N
S 133 270 209 6 0 0 618

2000 N 151 385 191 13 0 0 740 0.0207 0.2232 –
S 82 464 147 17 0 0 710

2001 N 165 378 100 0 0 0 643 –0.0795 0.0016 S
S 171 445 117 19 2 0 754

2002 N 108 337 96 2 0 0 543 –0.2044 2.17 × 10–14 S
S 257 451 111 3 0 0 822

2003 N 195 153 12 0 0 0 360 –0.0438 0.1218 S
S 120 220 46 6 0 1 393

2004 N 347 433 7 4 10 19 820 –0.1603 7.42 × 10–13 S
S 418 695 2 6 5 7 1133

2005 N 150 463 3 7 7 3 633 –0.2478 1.07 × 10–24 S
S 765 264 5 3 2 11 1050

2006 N 38 30 0 0 2 1 71 –0.8289 1.49 × 10–146 S
S 513 242 0 2 1 1 759

2007 N 39 2 0 0 0 0 41 –0.5543 9.80 × 10–15 S
S 132 10 0 0 1 0 143

2008 N 1 0 0 4 0 0 5 –0.4118 0.0717 S
S 8 4 0 0 0 0 12

Total N 1258 2881 954 88 24 23 5228 –0.1344 1.54 × 10–62 S
S 2638 3265 1049 86 14 20 7072

Probability 8.59 × 10–95 5.12 × 10–7 0.0178 0.4698 0.072 0.3804
DH S S S – N –
cycles. From the corresponding probability values, it
can be seen that the probability values are highly sig-
nificant in case of solar cycle 21 and 22 and statistically
significant for cycle 23 and 24. One interesting aspect
observed in Tables 6–9 is that, the dominant hemi-
sphere for solar cycles 21, 22 and 23 is found to be
Eastern hemisphere while Western hemisphere domi-
nates solar cycle 24.

Figure 6 below depicts the histogram plot of counts
of total soft X-ray f lare as well as of the distinct inten-
sity (B, C, M and X) classes versus the heliographic
longitudes during solar cycle 21–24. Western helio-
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
graphic longitudes are being represented by negative
sign (Li et al., 1998). From Figure 6 it can be seen that
there is no marked peak in the histogram plots for total
SXR flare events and for distinct intensity classes (B,
C, M and X) during solar cycles 21–24.

Figure 7 depicts the cumulative count plot of soft
X-ray f lares in east (black solid line) and west (gray
dashed line) hemispheres.

Figure 8 represents a plot between asymmetry index
values and Time (years) for total SXR as well as different
intensity class flares yearly counts during the period
1976–2019. Out of 43 east-west asymmetry indices value,
 2022
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Table 5. Yearly counts of SXR flare at various latitude bands in North and South hemispheres during SC 24. AI indicates
the N–S asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the probability val-
ues are insignificant

Year
Number of f lares at different heliographic latitude

Total AI Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° >50°

2009 N 0 9 5 2 0 0 16 0.2800 0.1148 –
S 0 0 8 1 0 0 9

2010 N 1 62 69 3 3 0 138 0.3463 3.97 × 10–7 N
S 0 16 49 2 0 0 67

2011 N 50 331 84 0 0 1 466 0.2926 1.68 × 10–15 N
S 1 175 79 0 0 0 255

2012 N 93 266 30 4 0 0 393 0.0051 0.4573 –
S 7 279 103 0 0 0 389

2013 N 128 162 28 0 0 0 318 –0.1642 3.33 × 10–6 S
S 101 282 59 1 0 0 443

2014 N 127 152 1 0 0 0 280 –0.4292 1.36 × 10–42 S
S 148 485 68 0 0 0 701

2015 N 142 210 9 0 0 0 361 –0.1624 1.05 × 10–6 S
S 98 338 65 0 0 0 501

2016 N 119 107 3 0 0 0 229 0.4448 1.90 × 10–15 N
S 57 28 3 0 0 0 88

2017  N 51 155 3 0 0 0 209 0.2783 5.81 × 10–7 N
S 91 27 0 0 0 0 118

2018 N 17 14 0 0 0 0 31 –0.0462 0.4022 –
S 29 5 0 0 0 0 34

2019 N 53 2 0 0 0 0 55 1 – –
S 0 0 0 0 0 0 0

Total N 781 1470 232 9 3 1 2490 –0.0209 0.0689 S
S 532 1635 434 4 0 0 2605

Probability 3.34 × 10–12 0.0016 2.10 × 10–16 0.1333 – –
DH S S S – – –
20 values are found to be highly significant, 4 values are
statistically significant while 4 values are marginally sig-
nificant and 15 values are found to be insignificant.

4. DISCUSSION

In the current work, the data of SXR flare events
have been analyzed for solar cycles 21, 22, 23 and an
almost complete solar cycle 24 (period covering from
1976–2019). Table 1 lists the total soft X-ray f lare
event counts as well as the counts of distinct intensity
(B, C, M and X) classes during solar cycle 21–24.
From Table 1 it is observed that most of f lare activity
during solar cycles 21–24 belongs to the C class while
the X class f lare events contributed less in the f lare
activity. The occurrence (number) of M and X class
flares is continuously decreasing from solar cycle 21 to
GEOMA
solar cycle 24 thereby disobeying the Gnevyshev-Ohl
(G-O) rule which states that the an odd-number cycle
should be stronger than the even-numbered cycle
(Gnevyshev and Ohl, 1948). In the present context,
cycle pair (22, 23) found to be violating the G-O rule.
Komitov and Bonev (2001) investigated the condition
for Gnevyshev-Ohl (G-O) rule violation which occurs
when the even-numbered cycle is stronger than the
odd-numbered cycle. Violation of Gnevyshev-Ohl
rule for cycle pair (22, 23) has also been reported by
Joshi et al. (2006) using Hα f lare data and by Javaraiah
(2016) using small and large sunspots group activity.
From Table 1 it is also being observed that the number
of low intensity f lare (B class f lares) are less during a
strong solar cycle, in comparison to weak solar cycle.
Also, solar cycle 24 is observed to be the weakest in
GNETISM AND AERONOMY  Vol. 62  No. 3  2022
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Fig. 2. Histogram plot of B, C, M and X intensity classes and the total soft X-ray counts (all classes together) versus the helio-
graphic latitudes during solar cycles 21–24.
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terms of f laring activity (a total of 13779 counts of
flares) as compared to previous cycles.

In Figure 1, the occurrence of B class f lare events is
more observable during the minimum of solar cycles
as compared to solar cycles maximum where f lares of
other intensity classes dominate. It is mainly because
the X-ray background emission is found to be intense
due to many solar events at the time of solar maxi-
mum, and hence the low intensity f lares are difficult
to detect during full-disk measurements (Feldman
et al., 1997; Joshi et al., 2010).

Tables 2–5 depict the evolutionary aspect of soft
X-ray f lares during solar cycles 21, 22, 23 and 24. It is
very interesting to observe that during the onset of
solar cycles 21 and 23, 0°–10° latitude band is more
active in producing f lares and is generally southern
hemisphere dominated with a statistically and highly
significant probability values. But for solar cycles 22
and 24, 20°–30° latitude band more actively produced
flares at the beginning and is observed to be northern
hemisphere dominated although the corresponding
probability value is highly significant for solar cycle 22
and is insignificant for cycle 24. The dominant hemi-
sphere during the solar cycle minimum is generally the
remnant of the previous cycle. In 1977, 1987, 1997 and
2009, just after the solar minimum, 20°–30° latitude
band produced majority of the f lares. With the pro-
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
gression of solar cycle, the solar X-ray f lares occur-
rences show a drift to lower latitudes. Also, after the
solar maximum, latitude ≥40° plays negligible role and
the lower latitude bands 0°–10° and 10°–20° mostly
supports the solar activity till solar minimum during
cycles 21, 22, 23 and 24. This is because of larger zonal
and meridional f low which contributes in producing a
large number of f lares at middle as well as at low lati-
tudes (Pandey et al., 2015). The 10°–20° latitudinal
band overall produced maximum number of soft
X-ray f lares events with a total of 5842, 5442, 6145 and
3109 SXR flares counts during solar cycle 21, 22, 23
and 24 respectively and is found to be dominated by
southern hemisphere. In Figure 2, a marked peak at
10°–20° latitudinal band in both the hemispheres
during solar cycles 21–24 for total SXR flares events as
well as the SXR flares of individual intensity classes is
being observed which further validates the obtained
result. Verma (2000) found that SAP events were more
concentrated in 11°–20° latitudinal band in both the
hemispheres during solar cycles (19–23). Joshi et al.
(2006) using Hα f lare data during solar cycle 23
reported similar observations. Our obtained result is in
accordance with the above studies using soft X-ray
flare data. However, in Fig. 6 no significant peak is
being observed in any longitudinal bands in E–W dis-
tribution of SXR flares.
 2022
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Fig. 3. Plots of latitudinal distribution of different intensity (B, C, M and X) classes as well as the total soft X-ray f lares (all classes
together) versus Time (years) during solar cycles 21–24.
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Fig. 4. Cumulative counts plot of soft X-ray f lares events in the solar north (black solid line) and south (gray dash-dotted line)
hemispheres during the period 1976–2019 (solar cycles 21–24).
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In this paper we have tried to construct the time-
latitude plot using the solar X-ray f lares data to study
the distributional behaviour of different intensity
classes. From Figure 3 it can be observed that the high
intensity class f lares are rare near the 0°–5° latitude
GEOMA
bands. Also, from Fig. 3 it can be seen that the f lares
do occur near ±5° latitude band (near equatorial
region). The f lares that are occurring near the ±5° lat-
itude band are of low intensity and observed to be
majorly contributing in the overall f laring activity.
GNETISM AND AERONOMY  Vol. 62  No. 3  2022
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Fig. 5. N–S Asymmetry index values vs. Time (years) plots of distinct intensity (B, C, M and X) classes and total SXR flares
during the period 1976–2019 (solar cycles 21–24).
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Fig. 6. Histogram plots of distinct intensity (B, C, M and X) classes and of the total soft X-ray f lares counts (all classes together)
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However, the solar X-ray f lares events are observed to
be spread in all longitudes.

Figure 4 gives a clearer picture of when the hemi-
spheric dominance altered during solar cycles 21, 22,
23 and 24. During cycle 21, initially an excess of f lares
occurred in north hemisphere. But about 4 years
before the end of the cycle the northern excess falls off
and a very small south excess prevails till the end of the
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
cycle (51.76% south, 48.24% north). A similar
behaviour was reported by Viktorinová and Antalová
(1991) using LDE X-ray f lares and by Temmer et al.
(2001) using Hα f lares. For cycle 22, a small southern
excess in X-ray f lare counts is observed till 1989
(ascending and maximum phase) which is signifi-
cantly enhanced after the maximum phase (44.24%
North, 55.76% South). Temmer et al. (2001) observed
 2022
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Table 6. Yearly counts of SXR flare events in 9 longitude bands in East and West hemispheres during solar cycle 21. A indi-
cates the E–W asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the proba-
bility values are insignificant

Year
Heliographic longitude

Total A Probability DH
0°–10° 10–20° 20°–30° 30°–40° 40°–50° 50°–60° 60°–70° 70°–80° 80°–90°

1976 E 9 9 12 10 17 11 9 13 1 91 0.1818 0.0146 E

W 7 10 7 11 11 5 4 2 6 63

1977 E 19 14 17 15 27 23 11 18 10 154 0.1493 0.0085 E

W 21 18 20 7 8 16 13 10 1 114

1978 E 63 75 66 58 70 77 78 33 22 542 –0.0474 0.0581 W

W 55 76 85 68 70 66 77 53 46 596

1979 E 93 98 111 104 84 87 73 60 33 743 0.0178 0.2565 –

W 117 103 87 86 83 83 79 54 25 717

1980 E 111 95 107 89 119 92 86 63 20 782 0.0639 0.0076 E

W 110 101 90 77 81 82 65 56 26 688

1981 E 118 111 124 150 123 99 77 76 27 905 –0.0478 0.0195 W

W 139 145 137 159 144 86 82 59 45 996

1982 E 127 136 158 110 113 113 79 62 31 929 0.0119 0.3120 –

W 154 152 130 107 111 93 77 55 28 907

1983  E 77 89 76 88 100 94 75 49 23 671 0.1082 9.24 × 10–5 E

W 81 70 59 89 65 70 55 35 16 540

1984 E 57 60 56 62 81 65 48 27 23 479 0.1011 0.0016 E

W 55 55 52 55 43 46 46 31 8 391

1985 E 29 30 21 12 16 24 19 7 14 172 0.1701 0.0021 E

W 11 12 24 19 6 20 15 11 4 122

1986 E 24 18 13 12 20 14 20 10 3 134 –0.0791 0.0985 W

W 23 31 17 16 21 14 17 9 9 157

Total E 727 735 761 710 770 699 575 418 207 5602 –0.0790 0.0015 E

W 773 773 708 694 643 581 530 375 214 5291

Probability 0.1226 0.1703 0.0874 0.3445 3.98 × 10–4 5.33 × 10–4 0.0928 0.0679 0.3850
DH – – E – E E E E –
similar tendency during solar cycle 22 using Hα f lares.
For solar cycle 23, till 1996 (minimum phase) a slight
southern excess is seen. However, during 1997–2001
(ascending and maximum phase) a slight northern
excess is observed and then southern excess of f lares is
observed after the solar maximum till the end of the
solar cycle (57.49% south, 42.50% north). Similar
behaviour was observed by Li et al. (2003) and Chow-
dhury (2013) using sunspot activities. During solar
cycle 24, a slight northern excess in f lare is seen till
first maximum (2012) but after that a very slight south-
ern excess is seen till 2019 (51.13% south, 48.87%
north). Hence, using soft X-ray f lares data, we found
that the southern hemisphere predominates during
solar cycles 21, 22 and 23. Our results also reveal that
the solar cycle 24 is southern hemisphere dominated
identical to cycles 21, 22 and 23 and validates the infer-
ence drawn by Verma (2000) and Li et al. (2009, 2009a).
GEOMA
From Figures 5 and 8 it can be seen that the north-
south asymmetry is highly significant in comparison
to East-West asymmetry.

The N–S asymmetry is now generally accepted as
an actual phenomenon and many authors during the
years have tried to give reasonable explanations behind
the observed north-south asymmetry in various solar
activity indicators. Bai (1987, 1988) proposed the con-
cept of superactive regions. These are large and com-
plex active regions comprising of sunspots giving rise
to majority of solar f lares and is frequently visible in
certain regions of the Sun, called the active zones that
possibly exists for more than one solar rotation. Hence
the N–S asymmetry is may be due to the presence of
the active zones in solar north and south hemispheres
of the Sun, that can stay over for longer period of time
(Temmer et al., 2001). The Babcock-Leighton process
GNETISM AND AERONOMY  Vol. 62  No. 3  2022
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Table 7. Yearly counts of SXR flare events in 9 longitude bands in East and West hemispheres during solar cycle 22. A indi-
cates the E–W asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the proba-
bility values are insignificant

Year
Heliographic longitude

Total A Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° 50°–60° 60°–70° 70°–80° 80°–90°

1986 E 12 9 3 5 12 4 5 22 0 72 0.1077 0.1271 –

W 6 10 7 9 8 4 3 10 1 58

1987 E 30 41 29 36 33 33 38 25 22 287 0.0053 0.4667 –

W 43 39 42 41 39 26 31 13 10 284

1988 E 105 79 112 101 88 88 88 52 41 754 0.0718 0.0038 E

W 92 109 74 82 76 78 62 50 30 653

1989 E 135 115 131 109 113 129 111 90 63 996 0.0779 4.37 × 10–4 E

W 130 113 112 118 85 92 76 74 52 852

1990 E 112 135 150 137 123 126 84 82 26 975 0.0732 9.74 × 10–4 E

W 120 112 102 92 111 98 88 82 37 842

1991 E 133 148 131 134 152 130 131 80 44 1083 –0.0168 0.2215 –

W 143 118 161 144 156 132 122 83 61 1120

1992 E 96 86 90 114 114 75 72 50 26 723 –0.0629 0.0073 W

W 98 123 110 119 95 120 75 50 30 820

1993 E 64 83 77 67 78 77 56 49 16 567 –0.0307 0.0411 W

W 90 85 65 59 71 50 47 27 15 509

1994 E 32 47 35 30 26 21 30 23 9 253 0.0539 0.2558 –

W 33 27 38 36 46 32 36 18 3 269

1995 E 24 25 21 22 28 19 15 5 5 164 0.0547 0.1821 –

W 25 23 25 20 15 15 10 9 5 147

1996 E 2 11 6 3 8 3 4 2 2 41 –0.4058 1.04 × 10–6 W

W 12 13 11 12 11 12 13 9 4 97

Total E 745 779 785 758 775 705 634 480 254 5915 0.2283 0.0072 E

W 792 772 747 732 713 659 563 425 248 5651

Probability 0.1203 0.4395 0.1723 0.2586 0.0569 0.1115 0.0215 0.0363 0.4117

DH – – – – E – E E –
of poloidal field generation is thought to be reason
behind the observed irregularity in solar cycles (Goel
and Choudhuri, 2009). Hemispherical asymmetry is
also being explained in terms of difference in the
amplitude of the meridional circulation in north and
south hemispheres (Belucz and Dikpati, 2013) that
continues for more than one solar cycle (Shetye et al.,
2015). Schüssler and Cameron (2018) revealed that the
hemispherical asymmetry can also be explained by
superposition of two dynamo modes a dipolar modes
of 22 years magnetic periods and a quadrupolar mode
with periods between 12–15 years. All the above
mechanisms are the possible interpretation to under-
stand how the two hemispheres works and the possible
cause of N–S asymmetry. However, no strong physi-
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
cal explanations have been found till date and the N–S
asymmetry is still puzzling.

In case of E–W asymmetry analysis, an eastern
dominance is being observed having highly and statisti-
cally significant probability values during solar cycle 21,
22 and 23 from Tables 6–9. However, a western predom-
inance with a statistically significant probability values
is being observed during solar cycle 24. Also, most of
the longitudinal bands whose probability values are
marginally, statistically or highly significant during
cycles 21, 22 and 23 is found to be eastern hemisphere
dominated while during solar cycle 24, longitudinal
bands are observed to be mostly western hemisphere
dominated.
 2022
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Table 8. Yearly counts of SXR flare events in 9 longitude bands in East and West hemispheres during solar cycle 23. A indi-
cates the E–W asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the probability
values are insignificant

Year
Heliographic longitude

Total A Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° 50°–60° 60°–70° 70°–80° 80°–90°

1996 E 1 5 4 2 6 0 3 0 0 21 –0.4247 1.86 × 10–4 W

W 8 3 3 6 3 3 3 20 3 52

1997 E 28 33 25 15 21 19 19 14 5 179 0.0529 0.1783 –

W 28 31 19 18 17 19 10 11 8 161

1998 E 66 48 54 58 50 58 41 25 8 408 –0.1013 0.0013 W

W 61 80 61 63 61 66 48 36 24 500

1999 E 88 97 96 81 83 90 70 38 20 663 0.0685 0.0085 E

W 72 85 68 66 81 58 74 49 25 578

2000  E 92 90 87 80 108 88 93 60 18 716 –0.0028 0.4685 W

W 94 80 73 96 105 99 82 64 27 720

2001 E 125 112 108 99 76 67 54 46 15 702 0.0123 0.3337 –

W 99 102 97 72 89 79 65 55 27 685

2002  E 107 87 104 97 89 58 68 40 9 659 –0.0186 0.2563 –

W 83 95 81 95 89 73 78 61 29 684

2003 E 42 48 50 32 33 35 37 28 139 444 0.0079 0.4199 –

W 51 46 57 61 65 71 44 28 14 437

2004 E 115 109 95 124 122 115 102 84 138 1004 0.0351 0.0641 E

W 101 101 83 71 85 68 79 91 257 936

2005 E 94 140 96 92 114 80 94 109 40 859 0.0908 1.72 × 10–4 E

W 78 53 53 60 60 75 64 64 209 716

2006 E 30 31 31 46 41 33 57 103 3 375 –0.0518 0.0775 W

W 68 53 55 46 35 31 24 26 78 416

2007 E 8 3 14 20 30 19 16 15 2 127 0.3804 1.32 × 10–7 E

W 5 12 6 8 5 4 6 6 5 57

2008 E 2 1 6 1 1 1 1 2 7 22 0.375 0.0251 E

W 1 1 2 2 2 1 0 0 1 10

Total E 798 804 770 747 774 663 655 564 404 6179 0.0187 0.0201 E

W 749 742 658 664 697 647 577 511 707 5952

Probability 0.1112 0.0604 0.0016 0.0145 0.0237 0.6807 0.0141 0.0564 3.85 × 10–20

DH – E E E E – E E W
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Table 9. Yearly counts of SXR flare events in 9 longitude bands in East and West hemispheres during solar cycle 24. A indi-
cates the E–W asymmetry indices values, DH indicates the dominant hemisphere and dash (–) indicates that the proba-
bility values are insignificant

Year
Heliographic longitude

Total A Probability DH
0°–10° 10°–20° 20°–30° 30°–40° 40°–50° 50°–60° 60°–70° 70°–80° 80°–90°

2008 E 0 0 0 0 0 0 0 0 0 0 0 0 –

W 0 0 0 0 0 0 0 0 0 0

2009 E 3 13 12 2 5 13 1 4 10 63 0.8261 2.24 × 10–13 E

W 1 3 1 0 0 1 0 0 0 6

2010 E 16 37 41 18 10 36 15 39 7 219 0.3905 1.67 × 10–12 E

W 21 21 13 11 6 6 8 5 5 96

2011 E 49 51 51 52 64 35 41 22 13 378 0.0356 0.1774 E

W 41 39 40 54 55 42 45 31 5 352

2012 E 49 76 60 53 41 46 39 15 18 397 –0.0364 0.1562 W

 W 59 69 61 44 50 41 49 35 19 427

2013 E 52 46 64 55 49 52 29 27 2 376 0.0080 0.4274 –

W 46 76 48 51 30 56 29 21 13 370

2014 E 58 63 40 64 67 39 35 36 4 406 –0.1497 2.08 × 10–6 W

W 58 58 74 78 80 67 67 55 12 549

2015 E 56 27 28 45 42 24 58 12 1 293 –0.2259 2.74 × 10–10 W

W 55 58 64 65 69 55 41 48 9 464

2016 E 19 6 17 28 26 19 16 24 6 161 0.0915 0.0650 E

W 18 15 18 14 14 29 14 9 3 134

2017 E 13 3 4 14 9 4 24 2 1 74 –0.4498 4.84 × 10–14 W

W 5 20 21 27 42 28 26 16 10 195

2018 E 3 1 3 1 7 6 7 2 46 76 0.2258 0.0075 E

W 1 13 10 6 4 6 4 4 0 48

2019 E 1 10 7 6 11 5 4 10 25 79 0.5490 1.14 × 10–8 E

W 0 1 2 0 12 4 3 1 0 23

Total E 319 333 327 338 331 279 269 193 133 2522 –0.0274 0.0251 W

W 305 373 352 350 362 335 286 225 76 2664

Probability 0.3014 0.0711 0.1785 0.3375 0.1272 0.0132 0.2485 0.0647 4.89 × 10–5

DH – W – – – W – W E
From the cumulative plots in Fig. 7, it can be
observed that a slight but continuous eastern excess is
observed during solar cycles 21, 22 and 23, (51.43%
East, 48.57% West), (51.14% East, 48.86% West) and
(50.94% East, 49.06% West) respectively. However, a
slight western excess is observed during solar cycle 24
(48% East, 51.36% West). Temmer et al. (2001)
reported a small but significant E–W asymmetry with
a prolonged Eastern excess in Hα f lares during solar
GEOMAGNETISM AND AERONOMY  Vol. 62  No. 3 
cycles 21 and 22. Joshi (1995) also observed a small East-
ern dominance for flare activity during solar cycle 22.
However, Li et al. (1998) using X-ray flares events of
intensity class ≥M1 did not observe any significant E–W
asymmetry but reported a non-uniform distribution of
X-ray f lare events in longitudes over the maximum
phase of cycle 22. Joshi and Pant (2005) reported a
slight but significant western excess during solar cycle
23 using Hα f lares. Our result of Eastern predomi-
 2022
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Fig. 7. Cumulative counts plot of monthly soft X-ray f lares events in the solar east (black solid line) and west (gray dashed line)
hemispheres during the period 1976–2019 (solar cycles 21–24).
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Fig. 8. E–W Asymmetry index values vs. Time (years) plots for total soft X-ray f lares as well as for the distinct intensity classes
during the period 1976–2019 (solar cycles 21–24).
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Significant
nance during solar cycle 23 using SXR flares is in vari-
ance with Joshi and Pant (2005). Heras et al. (1990)
found that the f lares showed non-uniform distribution
across longitudes and cannot be accounted for the
observed E–W asymmetry but might be due to the
transit of active zones on the solar disc. However,
Heras et al. (1990) also observed a pronounced and
prolonged E–W asymmetry in Hα f lare data during
the period of 1976–1985. A number of studies on E–W
asymmetries using different solar activity indicators
have been done but no possible explanation has been
worked out till date and it remains a controversial
GEOMA
issue. However, it is interesting to observe that the
behaviour of E–W asymmetry has been altered during
solar cycle 24 and the cycle 24 shows a predominance
of Western hemisphere.

5. CONCLUSIONS

The present work has leads to following conclusions:

(a) The counts of C, M and X class f lares are found
to less in cycle 24 in comparison to cycles 21, 22 and 23
indicating the solar cycle 24 to be a weak cycle.
GNETISM AND AERONOMY  Vol. 62  No. 3  2022
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(b) The occurrence (number) of M and X class
flares is continuously decreasing from solar cycle 21 to
solar cycle 24 thereby disobeying the Gnevyshev-Ohl
(G-O) rule for the solar cycle pair (22, 23).

(c) The 10°–20° latitudinal band produced maxi-
mum number of soft X-ray f lares during solar cycles 21
to 24 in the study of the N–S distribution and is found
to be dominated by southern hemisphere.

(d) After the solar maximum the higher latitude ≥40°
plays negligible role in f lares activity.

(e) The high intensity class f lares are observed to be
rare near the 0°–5° latitude bands. However, the low
intensity f lares show propensity to occur more near
the ±5° latitude band and majorly contributes in the
flaring activity.

(f) Using soft X-ray f lares data, we found that the
southern hemisphere is predominant during solar
cycles 21, 22, 23 and 24 in the N–S asymmetry analysis.

(g) In the E–W asymmetry analysis, cycle 21, 22
and 23 are found to be Eastern dominated while cycle
24 is found to be Western dominated.

(h) Our analysis reveals that the N–S asymmetry is
highly significant in comparison to E–W asymmetry.
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