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Abstract:  We have investigated three hundred sixty eight halo and Seven hundred thirty six partial 
halo CME’s based on observations from the Large Angle and spectrometric Coronagraph (LASCO) 
on board of the Solar and Heliospheric Observatory (SOHO) in association with intense geomagnetic 
storms. Statistically, it is observed that maximum number of halo, partial halo CME’s occurred during 
maximum activity period of 23rd sunspot cycle. The halo and partial halo CME’s are good correlated 
with sunspot numbers. It is also observed that 60%, 20% intense geomagnetic storms are caused by 
halo and partial halo CME’s respectively. Further, it is noticed that 50% intense geomagnetic storms 
have occurred during maximum activity period of current solar cycle. No intense geomagnetic storms 
have occurred during the years 1996, 1997, 1999. 

Introduction  

Geomagnetic activity observed at the Earth is 
generally attributed to the occurrence of CME’s 
on the Sun and the associated interplanetary 
shock waves or corotating interaction regions 
(CIR) produced by high speed solar wind streams 
in the interplanetary medium [1, 2]. CMEs are 
large expulsion of mass from the Sun and are 
generally associated with solar flares or promi-
nences. Once launched from the Sun, CME’s 
travels in the interplanetary medium and if di-
rected toward the Earth, reach the Earth in 1-5 
days depending on their speed. The coronal mass 
ejection are found to correlate with the occur-
rence of strong, non recurrent disturbances in the 
interplanetary medium and their interactions with 
Earth magnetosphere cause severe geomagnetic 
storms [3,4]. These mass ejections carry a bulk of 
solar material in the range 1011 – 1014 kg at the 
speed of 10 to 4000 km/sec. The Earth directed 
CME’s are the major cause for the severe geo-
magnetic storms [5].  
In order to predict geoeffectiveness of CME’s, 
one needs to examine the solar data from near the 
surface of the Sun and follow them through to the 
Earh. This requires an examination of ground 
based and space based multi-instrument data sets. 
This is now possible with the advent of the solar 

and Heliospheric Observatory (SOHO) [6], in 
particular with Large Angle Spectrometric Coro-
nagraphs (LASCO) a board SOHO that have 
capacity of imaging the corona from 1.1 to 30 Rθ 
[7] and therefore can be used to track a CME over 
this range. Fast CME’s (>1000 km/sec) are 
sources of high energetic particles. Such fast 
CME’s can give rise to intense geomagnetic 
storms on arrival at the Earth [8]. A storm is said 
to intense if Dst ≤− 100nT [9] alongwith Ap > 
100 [10]. There is substantial growth of our 
knowledge but there is not enough information as 
to which characteristics of solar sources of in-
tense geomagnetic storms   influence their proper-
ties and how. An understanding of such character-
istics can help in forecasting the occurrence of 
geomagnetic storms (GMS’s). In the present 
study, we investigate solar condition that are 
specific to intense storms observed during Jan 
1996-Apr2006 in order to understand the relation-
ship between the solar features and intense geo-
magnetic storms. 

Data and analysis 

We have used LASCO data for studying the solar 
origins of CME’s in association with GMS’s. 
LASCO have three telescopes C1, C2 and C3. 
However only C2 and C3 data are used for uni-
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formity because C1 was disabled in June 1998. 
The LASCO coronagraphs C2 and C3 image 
which give a combined field of view from 2 to 30 
Rθ are used for tracking the CME’s in the outer 
corona. It is generally agreed that most geoeffec-
tive CME’s originate on the front side of the Sun 
and head toward the Earth [11]. They are ob-
served in LASCO images as full halos  (3600) or 
partial halos (>1400). The definition of full or 
partial halo is based on azimuthal extent of 
CME’s in the LASCO field of view [12]. Halo 
CME’s are labeled as halo(s), halo (BA) and halo 
(OA). Halo CME’s can be symmetric(s) or 
asymmetric to the occulting disc. Halo (BA) and 
halo (OA) CME’s stands for brightness asymme-
try and outline asymmetry respectively. The 
LASCO measurements and other supportive data 
have been cataloged by Yashiro and his co-
worker’s [13],  in web :http:/cdaw.gsfc.gov/CME-
list. Dst values are taken from the geomagnetic 
activity web page of the Natinal Spece Science 
Data Centre (NSSDC) website : 
www.ngdc.noaa.gov  and Ap values are taken 
from solar geophysical data report. In order to 
determine the solar sources of a geomagnetic 
storms, we follow the criterion similar to that of 
Wang et al. [14], Zhang et al. [15], Garcia and 
Drayer (1987) and Tsurutani et al (1988). We 
selected a temporal window of 1-5 days (depend-
ing upon their linear of CMEs) before the occur-
rence of the storm. We looked for a front side 
halo in this time window, which originated in a 
location where significant activity is seen in EIT 
(Extreme Ultra Violet Telescope Image [16]. The 
time period between the launch of a CME (as 
seen in EIT images) and the time of the com-
mencement of a geomagnetic storm at the Earth is 
considered the transit time of the CME. The time 
of the commencement of a geomagnetic storms is 
defined as the time at which the Dst index start 
decreasing. 

Results and Discussion  

We have investigated twenty five intense geo-
magnetic storms with Dst ≤−100 nT alongwith Ap 
> 100 in association with halo CME’s and partial 
halo CME’s during the period Jan 1996 - June 
2006. We have also investigated three hundred 
thirty eight halo CMEs and seven hundred thirty 
six partial halo during above said period. The 

variation of geomagnetic storms with sunspot 
numbers have been plotted histographically in Fig 
1(a) during the period Jan 1996- June 2006.  

Fig 1 (a) Varition of intense GMS with SSN’s 
have been plotted historgraphically during the 
period 1996-2006. 

Statistically, it is observed that 50%  geomagnetic 
storms have occurred during maximum activity 
period of 21st solar cycle. It is evident from figure 
1(a) that occurrence rate of geomagnetic storms 
in years 1996, 1997 and 1999 is zero per month 
while the occurrence rate in 2000 is 0.5 per 
month. One peculiar result has been observed that 
the occurrence of sunspot numbers  (SSN’s) de-
creases rapidly while the occurrence of intense 
geomagnetic storms increases significantly. The 
Pearson correlation coefficient between SSN’s 
and intense geomagnetic storms have been calcu-
lated and found to be 0.588 during the period. The 
best fit line between intense GMS’s and SSN’s 
has been plotted in Fig 1(b) during the period.  

Fig 1 (b) The best fit line between intense GMS 
with SSN’s have been plotted 1996-2006. 
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It is apparent from fig 1(b) that intense GMS’s are 
well correlated with SSN’s. Variation in the num-
ber of the halo CME’s and partial halo CME’s 
with sunspot numbers have been plotted histo-
graphically during the period 1996-2006 in Fig 2. 
The filled and empty region denote the number of  

Fig 2 Varition of CME’s with SSN’s have been 
plotted histographically during the period 1996-
2006. 

occurrence of halo CME’s and partial halo CME’s 
for the period 1996-2006. The average rate of 
occurrence of halo CME’s and partial halo CME’s 
calculated over the period of study i.e. 1996-2006 
is found to be 36.3 and 72.4 per year. It is also 
observed that occurrence rate of halo CME’s 
partial halo CME in the ascending phase in 1997 
are 1.1 and 1.4 per month respectively. Further-
more it is noticed that the occurrence rate of halo 
CME’s and partial halo CME’s in maximum ac-
tivity year in 2000 are 4.8 and 9.5 per month. In 
contrast the average rate of occurrence of halo 
CME’s and partial halo CMEs almost increases 
by a factor of 4 and 7 respectively from solar 
minimum to maximum. The distinct variation in 
the rate of all CME’s and these that rate directed 
earthward, suggest that the conditions that give 
rise to geomagnetic storms do not depend solely 
on the phase of the solar cycle. The rate of occur-

rence of halo CME’s follows the solar cycle trend 
i.e. a rise and fall in the number of halo CME’s 
almost in the similar manner as observed in case 
of SSNs. One peculiar result has been observed 
during the years 2001 and 2005 that the occur-
rence of partial halo CME’s increase significantly 
while the occurrence of sunspot numbers de-
creases rapidly. The Pearson correlation coeffi-
cient between the occurrence of GMS’s and halo 
CME’s, GMS’s and partial halo CME’s are  0.621 
and 0.577 respectively. Further, the Pearson’s 
correlation coefficient between halo CME’s and 
partial halo CME’s to the SSN’s have been calcu-
lated and are found to be 0.656 and 0.884 respec-
tively for the period. The best fit lines between 
halo CME’s and partial halo CME’s to the SSN’s 
have been plotted in Fig 3.  

Fig 3 The best fit lines between halo and partial 
halo CME’s with SSN’s have been plotted during 
the period 1996-2006.  

Thus, we conclude that the halo CME’s are good 
correlated to the SSN’s while partial halo CME’s 
are high correlated with SSN’s. Further, we de-
duce that GMS’s are more correlated with halo 
CME’s as compared to partial halo CME’s. Solar 
sources of twenty five intense geomagnetic 
storms have been identified. It is found that 15 
intense geomagnetic storms associated with full 
halo CME’s for which angular extent of the emis-
sion is ~3600. Five intense geomagnetic storms 
are caused by partial halo CME’s for which angu-
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lar extent of the emission is greater that 1400. 
Further, It is noticed that, five intense geomag-
netic storms are not associated with halo CME’s 
nor partial halo CME’s during the period of study. 
Thus we deduce that 80% GMS’s are associated 
with CME’s. 

Conclusions 

On the basis of above analysis following conclu-
sions have been drawn: 

[1] The 60% and 20% intense geomagnetic 
storms are caused by halo and partial 
halo CME’s respectively.  

[2] It is found that halo CME’s are good 
correlated with SSN’s whereas partial 
halo CME’s are high correlated with 
SSN’s. 

[3] It is observed that GMS’s are more cor-
related with halo CME’s as compared to 
partial halo CME’s.  

[4] Statistically, it is observed that 50% 
intense geomagnetic storms have oc-
curred during maximum activity period 
of 21st sunspot cycle.  
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