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Abstract

We analyzed coronal mass ejection (CME) observed parameters, sunspot number
(SSN) and sunspot area (SSA) for solar cycle 23, comparing them to check for possible
similarities in their variation pattern within the solar cycle. In general, most of the
CME parameters (including the number of yearly occurrence, the angular width, speed
parameters, mass, estimated force and kinetic energy) increase/decrease in values as
the sunspot number and sunspot area increase/decrease in values. Between 2000 and
2002, we observed a peak—dip—peak (the double—hump pattern) in the SSN and SSA,
similar double-humped pattern were also observed in most of the CME parameters
but occurring at a later time. Dividing the solar cycle into period of increasing solar
activity (which we termed the ascending phase—1996 to 2002) and decreasing solar
activity (which we termed the descending phase-2002 to 2008) showed that the
correlation between some of the coronal mass ejection and sunspot parameters differs
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Introduction

Coronal Mass Ejection (CME) constitutes large—scale ejections of
mass and magnetic flux from the lower corona into the interplanetary
medium.' Tt is recognized to be the most spectacular form of solar
activity and perhaps the primary driver and source of space weather.”
A classical CME carries away somel014-1017g of coronal mass
and can liberate energies of the order 1022—1025J.3 In broad band
white—light corona graphic images, CMEs are seen as bright features
moving radially outward. A plausible important cause behind the
generation of CME is magnetic reconnection.®' When two oppositely
charged magnetic fields are brought together, rearrangement takes
place and immediately after this rearrangement, the energy stored
in the oppositely directed magnetic field lines are released.>'"!3 This
sudden release of energy is assumed responsible for solar flares which
drives the CME (Aoki, Yashiro & Shibata 2003; Reinard 2008). The
association of solar flare and CME has been studied by many authors
such as."!2 The strength of the magnetic field is stronger at the active
regions of the Sun from where the solar flares and CMEs are believed
to originate from, Carrington'* & Hodgson'* noted that solar flares,
especially the larger ones, are known to appear in and around active
regions including sunspots.

Sunspots are actually massive solar storms that are difficult to
predict.'®!7 When a sunspot occurs, it carries with it the magnetic
current brake, forming areas of reduced surface temperature.'2° Their
numbers, covered area and intensity vary. These variations in number
density shows a cyclic period of approximately 11 years called the
solar cycle. The solar cycle is been tracked by counting sunspots. Of
all solar activity features, the sunspots are the most easily observed and
have been tracked since around early 1600s.!7?'"?* The sunspots may

appear as single, isolated umbra (the dark central region) surrounded
by a symmetric penumbra (less dark pattern surrounding umbra) or
they may appear in groups.?® Central to the occurrence of the 11-year
cycle is the oscillating magnetic dynamo within the Sun.?’-? Sunspot
cycles are observed to vary both in size and length; therefore, it is
difficult to describe the shape of sunspot cycles with a universal
function.’** Plethora of literatures is available where the authors have
attempted to describe the cycles as a periodic phenomenon.?’-2%31:32

The variations in the rate of occurrence of CMEs and associated
observational physical parameters have been studied using the
Large Angle Spectrometric Coronagraph (LASCO) CME data.’>-3%
The observed approximately 11—year solar cycle and solar rotation
modulate the evolution of magnetic flux of the Sun,>* thus different
observed physical quantities related to a measure of solar activity
should be well correlated* such as CME parameters, sunspot numbers
(SSN), sunspot area (SSA), solar flares, solar radio bursts and solar
prominences. According to Low*' CMEs create large—scale changes
in the corona, which have fundamental implications for the evolution
of the magnetic flux of the Sun that is ultimately related to the solar
dynamo.*** Therefore, it is reasonable to expect a good correlation
between the various observed physical parameters of CMEs and the
other tracers of solar activity such as sunspots number and sunspots
areas.*

Understanding the variations in the measure of solar—activity—
cycle parameters remains a key unsolved problem in the solar physics.
It is both an outstanding theoretical problem and an important
practical issue, since solar activity and the related output radiation
influence on the biosphere, space weather and technology on the
Earth.®** Tt has been postulated that the irregular dynamics of the
solar cycle may embed chaotic process,*** making it difficult to
predict solar activity.* However, several authors have reported that
the time evolution of different the solar activity parameters does not
match together exactly, which had been attributed to the complicated
dynamics involved at different depths in the solar atmosphere.'®
Gopalswamy et al.’’ reported on the mismatch between the peak
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occurrence of the halo CME rate and the SSN during the solar cycle
23, where the maximum halo CME rate occurred two years after the
peak occurrence of SSN. In studies done by Ramesh & Rohini* it has
been noted that the sunspot areas (SSAs) better represent the solar
cycle than the SSN.

In this context, we examine here the observed characteristics
of CMEs such as angular width, linear speed, final speed, speed at
radius as 20 times as the solar radius, acceleration, estimated force
(F estimated from the observed mass and absolute acceleration
reported by Gopalswamy?®'. It should be noted that CMEs believed to
originate from the solar active regions,’>** are subjected to propelling
and retarding force leading to changes in speed, kinetic energy and
position angles in association with the sunspot area both in the
Southern and Northern Hemispheres and sunspot numbers. Section
1 is the introduction. In Section 2, we describe the parameters in the
data, their sources and the way of analysis. The results are discussed
in Section 3. In Section 4, we summarize and conclude.

Data

The CME data used in this study is collected from the Large
Angle and Spectrometric Coronagraph (LASCO) onboard the Solar
and Heliospheric Observatory (SOHO) available in CME catalogue
that can be found at http://cdaw.gsfc. NASA.gov/CME.» LASCO
CME catalog contains list of all CMEs manually identified from 1996
onward from the LASCO onboard the SOHO mission with gaps in
collected data. These data gaps occurred (i) in 1998 from 24 June to
22 October, (ii) failure of all three gyroscopes caused an interruption
from 21 December 1998 to 6 February 1999 and (iii) in June 2003, the
problem was overcome and nominal observations resumed on July
10. The catalog contains the observed CME parameters including
Angular Width (AW is the angular measure of the size of the CME
in the LASCO image) in degrees, Linear Speed (LS) in km/s, Final
Speed (FiS) in km/s, Speed at radius as 20 times as the solar radius
(20R) in km/s, acceleration (A) in km/s?, Kinetic Energy (KE) in J and
Position Angles (Central Position Angle/Meridian Position Angle—
CPA/MPA; The MPA gives the position angle at which the height—
time measurements are made; while the CPA is essentially used to
distinguish CMEs appearing simultaneously in the LASCO field of
view, thus ideally the CPA and MPA are the same) in degrees. We also
calculated the estimated ‘force’ (F in N) from the observed mass and
the absolute value of the observed acceleration.

The solar cycle 23 was started in June 1996 and ended in March
2008. We selected the CME data spanning from January 1996 to
December 2008 (this included the ending of the solar cycle 22 and
the beginning of the solar cycle 24). There are about 14000 CMEs
within this period. Since our analysis involves average monthly and
yearly values, being at low solar activities that may not really impact
our results. We first calculated the weekly average from the observed
daily values. We calculated the monthly and yearly averages which
we used in our analysis.

The data for the sunspot number and area analyses were extracted
from the OMNI Web Service archive from NASA Space Physics Data
Facility for the year 1755 to 2008 using the total monthly sunspot
number. The monthly data with the sunspot area (for the Northern
Hemisphere, Southern Hemisphere and the total solar surfaces) were
extracted for the solar cycle 23 (January 1996 to December 2008).
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Analyses and results

In Figure 1&2, we show the plot of the number of yearly
occurrence of CME events (NOC), the yearly total sunspot number
(SSN), the sunspot area for the Northern Hemisphere (SSANH),
Southern Hemisphere (SSASH), and the Total Sunspot Area (SSAT)
estimated by summing the sunspot areas in both Southern and
Northern Hemisphere. The plot showed an increase from about 200
CME events in the year 1996 to a maximum (about 1500 to 1700
CME events) between the year 2000 to 2002 slight dip in the year
2001, then a reduction from the peak values between 2003-2008
(with CME NOC hovering between 1200-800 CME events, except
in 2007 when it rose to about 1400 CME events) (Table 1). Kilcik et
al.,’® obtained similar result. For the SSN, a peak was reached in the
year 2000 with a steady decline from 2001 to 2008.

Table | Yearly average values of the sunspot number (SSN), sunspot area
(southern hemisphere (SSANH), northern hemisphere (SSASH) and total
(SSAT).

Year SSN SSANH SSASH SSAT
1996 9.1 26.9 55.0 81.9
1997 22.7 112.4 97.8 210.2
1998 62.4 3382 424.9 763.1
1999 95.3 519.1 476.2 1162.0
2000 116.8 496.2 784.6 1614.2
2001 110.6 339.8 781.0 1704.1
2002 101.7 561.3 1100.8 1828.7
2003 65.6 466.7 549.2 1099.2
2004 41.9 271.2 412.5 683.8
2005 289 188.5 354.0 542.6
2006 16.1 19.2 2259 245.1
2007 8.0 12.1 121.3 1333
2008 29 5.0 1.7 22.8

For the time series plot of Total Sunspot Area (SSAT), a peak was
observed in 2002, similar for that of Southern Hemisphere sunspot
area (SSASH). For the time series plot of sunspot area in the Northern
Hemisphere (SSANH), the trend in variation indicates peaks in 2000
and 2002 with a slight dip in 2001 (similar to the double-hump—peak—
dip—peak reported by Ramesh* & Kilcik et al.,* with a steady decline
from 2003 to 2008.

In Table 2, the average yearly values of the CME parameters
(MPA, AW, LS, FiS, 20R, A, M, F and KE), and the total yearly
number of occurrence of CME were shown, while in Figures 3—12,
we display the time series plot of observed monthly averages of the
CME parameters, overlaid with the 12-month average. For the CPA/
MPA, apart from few outliers above 210 deg, the observed monthly
average lies between 140-210 deg, and from Table 2, the yearly
averages ranges from 176.0-189.1 deg (a difference of about 13 deg),
indicating that the yearly average of the position angle is constant.
The AW variation seems to suggest an increase as the solar activity
increases as well as a decrease with decreasing the solar activity,
slightly reaching a peak during the year 2001 (see the overlaid yearly
average).
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Figure 2 The yearly average time series plot of Sunspot Area (SSAT (Total)),
SSANH (Northern Hemisphere) and SSASH (Southern Hemisphere)) for the
solar cycle 23.

Table 2 Yearly average values of the CME parameters—position angle (PA), angular width (AW), speed parameters (LS, FiS and 20R), acceleration (A) and mass
(M), estimated force (F), kinetic energy (KE), NOC.

Year MPA AW LS FiS 20R A M (10'%) FX(107) KE X (10%) NOC
deg deg km/s km/s km/s m/s?  gram N ergs

1996 189.1 527 2660 2885 3108 06 80 6.5 78 206
1997 186.8 700 3008 3224 351.9 24 132 16.5 17.5 385
1998 182.2 674  395.1 4139 4370 1.5 23.9 30.3 74.0 716
1999 177.6 710 4908 4886 4767 -19 16.5 245 39.0 016
2000 185.8 662 4926 487 486.7  -1.3 19.3 347 542 1664
2001 181.2 737 4738 488l 4982 04 223 349 80.5 1499
2002 182.4 619 4982 4964 5085 -2 248 547 70.6 1700
2003 179.4 602 5427 5467 5667 0.5 25.0 64.2 122.8 1130
2004 181.6 633 4503 4587 4857 04 14.8 37.9 57.3 1102
2005 176.3 58.1 4279 4413 5197 20 18.2 549 150.7 1249
2006 180.5 385 3209 3509 4520 6.5 6.7 18.0 1.3 1046
2007 176.0 235 2580 2849 3927 55 5.1 10.7 36 1442
2008 176.7 203 2670 2956  426.6 78 6.2 18.1 32 863
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Figure 3 Monthly time series plot of CPA/MPA (deg) for the solar cycle 23.
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Figure 4 Monthly time series plot of AW (deg) for the solar cycle 23.
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Figure 5 Monthly time series plot of LS (km/s) for the solar cycle 23.
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Figure 6 Monthly time series plot of FiS (km/s) for the solar cycle 23.
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Figure 7 Monthly time series plot of 20R (km/s) for the solar cycle 23.
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Figure 8 Monthly time series plot of A (m/s?) for the solar cycle 23.
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Figure 9 Monthly time series plot of M(g) for the solar cycle 23.

Figure

Figure

Figure

14.0
13.8

13.6

w
=

log F (N)

12.6

e @
12.4 |

Dec-95  Feb-98  Nay-00  Jul-02 Sep-04  Nov-06  Feb-09
ear

10 Monthly time series plot of F(N) for the solar cycle 23.

24.0

v
I
n

log KE (J)

[
[

21.5
Dec-95  Feb-98 May-00  Jul-02 Sep-04  Nov-06  Feb-09
Year

'l Monthly time series plot of KE(J) for the solar cycle 23.

—o—CPA ——AW s Fis —e—20R
——AA  ==M —.-F oo KE —e—SSN

LOO | —o—SSAT  —@—SSANH —4—SSASH

0.90
0.80

0.70

0.30

0.20

0.10

0.00
1996 1998 2000 2002 2004 2006 2008
Year

12 Normalized yearly averages time series plot of CME parameters

(CPA/MPA, AW, LS, FiS, 20R, A, M, F KE) and sunspot parameters (SSN, SSAT,
SSANH and SSASH) for the solar cycle 23.
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The speed parameters (LS, FiS and 20R) seem to follow the
sunspot number yearly variation, increasing from 1998 and reaching
at peak generally in 2003, before steadily decline to 2008. The average
monthly linear speed (LS) ranges from about 150 km/s to about 850
km/s with a mean of ~400+100km / s . LS seems to increase with
periods of increase in the solar activity, maintaining a high average
values between 1999 to about mid 2005 before a gradual decrease till
2008 which is during solar minima but with a slight peak in the yearly
average in 2004. The average monthly FiS ranges from 176 km/s to
825 km/s with a mean of ~413+88km / s and showed similarity to
the trend in the variation of LS, again with a slight peak in the year
2004. The yearly average of speed at 20R ranges from 116 km/s to 824
km/s with a mean of464+74km / s . The trend in its variation from
the overlaid yearly variation indicates that it increased steadily from
1996 to about the end of 1998, remained generally constant till about
2004, reached at peak, decreased slightly in early 2005, and reached
at peak again about in the middle of 2005, before decreasing steadily
towards the end of the solar cycle 23 in 2008.

The variation in the acceleration seems to suggest that CMEs have
average positive acceleration towards and during the solar minimum,
but average negative acceleration towards the solar maximum. For
the acceleration, it seems that at the start and end of the solar cycle
(during minimal solar activity), the overlaid yearly average tends
towards positive acceleration while during the middle of the period
(higher solar activity), the yearly average of the acceleration tends
towards negative values.

The general observation suggests masses and the estimated forces
(F) of CMEs increase during the solar maximum but seem to decrease
towards the solar minimum. The yearly average KE increases from
low values during the beginning of the solar cycle (solar minimum),
oscillates with the solar cycle and then decreases toward the end
of the solar cycle (another solar mmlmum) The monthly average
mass ranges from 1.9x10"* —4.5x10" gw1th a mean value of
1.2+0.6x10" g The variation in the observed monthly averages
of mass from the overlaid yearly trend showed an increase from
the solar minimum in 1996 to about 1998, then decrease in value
till 1999, before another increase till about mid-2002, then a steady
decrease (though with little increase at about 2005) till 2008 towards
the end of the solar cycle. The monthl¥ average of the estimated
force ranges from 2.1x10" -1.4x10 N, with a mean value
of2.4 +1.4x10° N . The overlaid yearly average from monthly
time series plot of estimated force indicates that F increased at the
beginning of the solar cycle 23 (from 1996) up to some peak value in
mid—1999, and begins to fluctuate in value between 1999 till around
mid—-2005, then gradually decreases till 2008 which is towards the end
of the solar cycle 23. This suggests that F seems to increase during
increase in the solar act1v1ty The range of the average monthlgf KE is
~3.8x10°" —1.7x10° ] with a mean value 0f 1.8 +1.4x10™" J . In
the time series plot of KE, the trend in the variation of the overlaid
yearly average of the KE suggests that KE varies with the solar
activity.

The trends in the variations of CME parameters (CPA/MPA,
AW, LS, FiS 20R, M, A, F and KE) with SSN, SSAT and SSANH/
SSASH for comparison are shown in Figure 12 (where we display
the plots of normalized yearly average values of CME parameters,
sunspot number and total sunspot area (normalized by dividing with
the highest value of each parameter). The AW variations in general
suggest increasing/decreasing angular width as sunspot number and
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sunspot area increases/decreases. The AW/SSA/SSAT plots also
indicate that in 2000 during the peak of SSN/SSAT and SSANH/
SSASH, AW dipped, while during the dip in 2001 in SSN/SSAT and
SSANH/SSASH, AW reached at peak, followed by decrease till about
October 2004, AW increased slightly, and at about September 2005, it
decreases generally till 2008.

The peak—dip—peak (double hump:¥4%!) followed by general
decline in SSA/SSAT and SSANH/SSASH, between 2000 and 2002,
is also observed in the speed parameters (LS and FiS), but with a
delay in time. Whereas LS and FiS also peaked in 2000, we observe
a dip in during mid-2002 and another slight peak during early 2004;
for 20R, the peak—dip—peak occurred around September 2003 (peak)—
October 20004 (dip)—September 2005 (peak), then the general decline
till 2008.

For M, using the overlaid yearly average, aside the peak around
June—July 1998 (which was followed by an 8 months period of gap
in recorded data), another peak—dip—peak observed (similar to those
observed in SSN/SSAT) and SSANH/SSASH, occurred around
January 2002 (peak), March 2003 (dip) and November—December
2003 (peak). After general increasing from 1996 to 1998, the estimated
force and the KE seem to show several peaks and dips from 1998 to
2005, then a general decline till 2008.

Regression analysis

The rate of solar activity generally increases during the beginning
of each cycle, gets to a peak and then starts decreasing towards
the end of the cycle. From Figure 1, using the sunspot number as
an indicator of solar activity, decline in solar activity for the solar
cycle 23 started in 2002 reached a peak in 2001 and started declining
from 2002 to 2008. Thus to check for the variation in solar activity
parameters, we divided the solar cycle 23 into period of increasing
solar activity (January 1996 to December 2001-which we refer to as
the ascending phase) and period of decreasing solar activity (January
2002 to December 2008—we call the descending phase). We compare
the correlations between the CME parameters and sunspot parameters
for the ascending phase, descending phase and the full solar cycle.
The correlation coefficients are shown in Table 3 (r is the correlation
coefficient and here is simply used to indicate the differences in the
variation between the CME/Sunspot parameters in the ascending and
descending phases).

Clearly, CPA/MPA does not show any kind of correlation neither
with other CME parameters nor with sunspot parameters (SSN, SSAT,
SSANH and SSASH) and there is no difference in the correlation
between CPA/MPA with other CME and sunspot parameters for the
whole solar cycle, for the increasing phase and the descending phase.

The correlation between AW and CME speed parameters (LS, FiS
and 20R), M, F, KE, and the sunspot parameters seem stronger in
the descending phase (period of decreasing) than in the ascending
phase (period of increasing solar activity). AW also correlates
positively with A during the ascending phase but negatively during the
descending phase. In general, the speed parameters (LS, FiS and 20R)
showed some form of positive correlation with AW, M, F, KE, SSN,
SSAT, SSANH and SSASH which appear similar for the ascending
and descending phases. LS and FiS seem to correlate negatively with
A, which is stronger during the descending phase than during the
ascending phase.
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Table 3 The pearson correlation coefficient results between CME parameters and sunspot parameters considering the whole solar cycle (ALL), the period of

increasing the solar activity (ASC—January 1996—December 2001) and period of decreasing the solar activity (DES—January 2002—-December 2008).

CPA AW LS FiS 20R A M F KE SSN TSA SSANH SSASH
r r r r r r r r r r r r r
ALL CPA 1.0 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
ASC CPA 1.0 0.1 0.0 0.0 0.1 -02 0.1 0.1 0.1 0.1 0.1 0.1 —0.1
DES CPA 1.0 0.1 0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.2 0.1 0.2 0.1
ALL AW 0.1 1.0 0.6 0.6 0.4 0.3 0.5 0.3 0.5 0.6 0.5 0.5 0.4
ASC AW 0.1 1.0 0.4 0.4 0.5 0.3 0.3 0.2 0.3 0.3 0.3 0.1 0.3
DES AW 0.1 1.0 0.9 0.8 0.6 -0.5 0.6 0.5 0.6 0.6 0.7 0.7 0.6
ALL LS 0.0 0.6 1.0 1.0 0.7 04 06 0.7 0.7 0.7 0.7 0.6 0.6
ASC LS 0.0 0.4 1.0 1.0 0.8 -02 05 0.7 0.7 0.8 0.7 0.5 0.6
DES LS 0.0 0.9 1.0 1.0 0.8 -0.5 0.7 0.7 0.7 0.7 0.8 0.7 0.6
ALL FiS 0.0 0.6 1.0 1.0 0.8 0.3 0.6 0.7 0.7 0.7 0.7 0.6 0.6
ASC FiS 0.0 0.4 1.0 1.0 0.8 0.1 0.5 0.7 0.7 0.8 0.7 0.5 0.5
DES FiS 0.0 0.8 1.0 1.0 0.8 -04 07 0.8 0.7 0.7 0.7 0.7 0.6
ALL 20R 0.0 0.4 0.7 0.8 1.0 0.2 0.4 0.7 0.5 0.4 0.4 0.3 0.3
ASC 20R 0.1 0.5 0.8 0.8 1.0 0.3 0.4 0.7 0.6 0.6 0.5 0.3 0.4
DES 20R 0.1 0.6 0.8 0.8 1.0 0.1 0.5 0.7 0.6 0.3 0.4 0.4 0.3
ALL A 0.1 -03 04 -03 0.2 1.0 -3 -02 -03 03 0.3 0.3 -0.3
ASC A 0.2 0.3 02 0. 0.3 1.0 0.1 -02 -02 -0l 0.1 0.2 0.1
DES A 0.1 -05 05 -04 0.l 1.0 -03 -03 04 04 0.5 —0.4 -0.5
ALL M 0.1 0.5 0.6 0.6 0.4 -0.3 1.0 0.8 0.8 0.5 0.5 0.4 0.5
ASC M 0.1 0.3 0.5 0.5 0.4 —0.1 1.0 0.8 0.8 0.3 0.3 0.2 0.3
DES M 0.2 0.6 0.7 0.7 0.5 -0.3 1.0 0.9 0.9 0.7 0.7 0.5 0.6
ALL F 0.1 0.3 0.7 0.7 0.7 -02 08 1.0 0.8 0.3 0.5 0.3 0.5
ASC F 0.1 0.2 0.7 0.7 0.7 02 08 1.0 0.8 0.5 0.5 0.3 0.5
DES F 0.1 0.5 0.7 0.8 0.7 0.3 0.9 1.0 0.9 0.5 0.6 0.4 0.5
ALL KE 0.1 0.5 0.7 0.7 0.5 0.3 0.8 0.8 1.0 0.5 0.6 0.4 0.5
ASC KE 0.1 0.3 0.7 0.7 0.6 -02 08 0.8 1.0 0.5 0.5 0.3 0.4
DES KE 0.1 0.6 0.7 0.7 0.6 04 09 0.9 1.0 0.5 0.7 0.4 0.6
ALL SSN 0.1 0.6 0.7 0.7 0.4 0.3 0.5 0.3 0.5 1.0 0.9 0.7 0.7
ASC SSN 0.1 0.3 0.8 0.8 0.6 0.1 0.3 0.5 0.5 1.0 0.9 0.6 0.7
DES SSN 0.2 0.6 0.7 0.7 0.3 -04 07 0.5 0.5 1.0 0.9 0.8 0.8
ALL SSAT 0.1 0.5 0.7 0.7 0.4 0.3 0.5 0.5 0.6 0.9 1.0 0.6 0.9
ASC SSAT 0.1 0.3 0.7 0.7 0.5 —0.1 0.3 0.5 0.5 0.9 1.0 0.5 0.9
DES SSAT 0.1 0.7 0.8 0.7 0.4 0.5 0.7 0.6 0.7 0.9 1.0 0.8 0.9
ALL SSANH 0.1 0.5 0.6 0.6 0.3 0.3 0.4 0.3 0.4 0.7 0.6 1.0 0.5
ASC SSANH 0.1 0.1 0.5 0.5 0.3 02 02 0.3 0.3 0.6 0.5 1.0 0.4
DES SSANH 0.2 0.7 0.7 0.7 0.4 -04 05 0.4 0.4 0.8 0.8 1.0 0.6
ALL SSASH 0.0 0.4 0.6 0.6 0.3 0.3 0.5 0.5 0.5 0.7 0.9 0.5 1.0
ASC SSASH 0.1 0.3 0.6 0.5 0.4 —0.1 0.3 0.5 0.4 0.7 0.9 0.4 1.0
DES SSASH 0.1 0.6 0.6 0.6 0.3 0.5 0.6 0.5 0.6 0.8 0.9 0.6 1.0
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Acceleration shows some slight negative correlation with M, F,
KE and the sunspot number and area parameters especially during
the descending phase, but with lower correlation during the ascending
phase. Mass of CME generally were correlated positively with F
and KE as expected, and showed some positive correlation with the
sunspot parameters which is stronger during the descending phase
than during the ascending phase. The estimated force and KE were
correlated with each other and fairly positively with the sunspot
parameters. The strength of the correlation is slightly stronger for
descending phase than the ascending phases. The sunspot parameters
(SSN, SSAT, SSANH and SSASH) were correlated strongly with each
other, but the values of the correlation results seem to suggest that the
correlation is stronger during the descending phase than during the
ascending phase.”*’

Summary and conclusion

We studied the trends in the variation of coronal mass ejection
(CME) observational parameters (CPA/MPA, AW, LS, FiS, A, M, F
and KE), sunspot number (SSN) and sunspot area (total area (SSAT),
sunspot area in Northern Hemisphere (SSANH) and sunspot area
in Southern Hemisphere (SSASH)) for the solar cycle 23. From the
analysis, we note the following:

a. The Number of occurrence of CME (NOC) per year increases/
decreases with increase/decrease in SSN/SSAT, but the variations
is different.

b. SSASH is generally higher than those of SSANH.

c. The dip observed in the peak of NOC around 2002 also occurred
in SSANH but not in SSASH.

d. Generally, we observed a peak—dip—peak period in both SSN and
SSAT, which also seems to occur in some CME parameters—AW,
LS, FiS, 20R and to some extent M, but with those of SSN/SSAT
occurring earlier.

e. Between 1998 and 2005, when the solar activity increases, F and
KE have high values, but with several peaks and dips.

f. The variations in SSANH and SSASH are similar and indicate
peak—dip peak between 2002-2002.

g. The correlations between AW and the other CME parameters (LS,
FiS, 20R, A, M, F, and KE) with the sunspot parameters (SSN,
SSAT, SSANH and SSASH) appear to be stronger during the
descending phase (DES) than the ascending phase (ASC).

h. There is no difference in the correlation between the CME speed
parameters and the other CME parameters (except AW) with
sunspot parameters during the ascending and the descending
phase.

i. For A and M, the correlations between them and the other
parameters appear to be stronger during the descending phase than
during ascending phase; but there was no such difference in F and
KE.

j.  All the sunspot parameters showed strong correlations with
each other but seems stronger during the descending phase than
ascending phase

In conclusion, CME parameters and sunspot parameters indicates
trends in the high solar activities for the solar cycle 23, but the variation
differs for CME and sunspot parameters both in strength and period

Copyright:
©2018 Christian 306

of variation. The most CME parameters generally show a time delay
with sunspot parameters when reach at peaks. This is similar to the
conclusion reached by Ramesh* and references therein. Moreover,
we observed the double hump pattern in the most CME and sunspot
parameters which have already been noted by several researchers.**>
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