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Abstract:  We studied the geoeffectiveness of a set of 397 halo CMEs during  the ascending, maximum and descending phases of 
solar cycle 23. In this study minimum Dst values occurring within 1-5 days after the CME onset are compiled. The distribution of 
such Dst values are compared for the following categories of halo CMEs disk halos limb halos and backside halo CMEs. We defined 
that these halo CMEs are geoeffective if it is followed by Dst �  -50 nT, moderately geoeffective if -50n < Dst < -100 nT, and 
strongly geoeffective if Dst� -100 nT. We find that Disk halos are followed by strong storms, limb halos are followed by moderately 
storms and backside halos are about near to moderate storms. The Frontside halos (Disk +F-limb) are most geoeffective (~71%). 
Intense storms are occurred in maximum phase of solar cycle and the few are occurred in declining phase. Most intense storms occur, 
when there are successive CMEs and occurred near the disk center towards western hemisphere. The long term profile of Dst index is 
positively related with CME occurrence rate. Most of the geoeffective halos are confined between the maximum and descending 
phases.  The delay time between CME onset and minimum Dst values is the smallest for Limb halos. Most of the geomagnetic storms 
are occurred between 48 hours to 72 hours after CME onset.  
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1.     Introduction: 
 Coronal mass ejections (CMEs), in which large-scale 
expulsion of plasma are seen as bright arcs in corona-
graph images, are the most stunning activities of the solar 
corona. Typically 1015–1016 g of plasma is hurled into 
interplanetary space with a kinetic energy of order 1031–
1032 ergs. Coronal mass ejections (CMEs) are most solar 
events which are responsible to generate storms in solar 
wind plasma and geomagnetic storms in the magnetos-
phere of the earth. CMEs range in speed from 20 to 2500 
km /s. CMEs with speeds in excess of the ambient solar 
wind (fast CMEs) eventually drive shocks ahead of them 
as they propagate from the Sun. CMEs which appear to 
surround the occulting disk of the observing white light 
coronagraphs in the sky plane projection and expand 
rapidly are known as Halo CMEs , which may be Back-
side or Frontside. If the site of eruption (known as the 
solar source) can be identified on the visible disk of Halo 
CMEs are said to be Frontside halo CMEs, while those 
occurring on the invisible side of the sun are known as 
Backside halo CMEs and they propagate in the anti-
earthward direction. (Gopalswamy et al. 2007). Halos 
having apparent (sky plane) width is 360 deg., are simply 
referred to as Halo CMEs. Frontside halo CMEs are 
further divided into Disk halos and Limb halos. Halos 
with their sources within � 45 deg of the central meri-
dian (longitudinal distance from the disk centre � 45 

deg.) are known as Disk halos while those with a central 
meridian distance beyond � 45 deg and up to � 90 deg 
are known as Limb halos. Disk halos are likely to arrive 
at Earth and cause geomagnetic storm, while Limb halos 
only impact Earth with their flanks and hence are less 
geoeffective. CMEs ejected beyond 90 deg are unlikely 
to impact earth, so they are often non-geoeffective. 
A geomagnetic storm is a temporary disturbance of the 
Earth magnetosphere caused by a solar wind shock wave 
associated with CMEs, coronal holes or solar flares 
which typically strike the earth's magnetic field                       
24 to 36 hours after the events. The ability of CMEs to 
cause geomagnetic storms is known as geoeffectiveness. 
This is measured in terms of a geomagnetic index such as 
the "Dst (Disturbance storm time) index". The Dst index 
has been introduced by Sugiura (1964) which is obtained 
from the longitudinal average of horizontal intensity of 
Earth’s magnetic field measured at middle and low lati-
tude observatories. It is the best indicator of the ring 
current intensity and a very sensitive index to represent 
the degree of solar disturbances.  
There have been many researchers who have studied on 
the geoeffectiveness of halo CMEs using different sam-
ples. St. Cyr et al. (2000) found that ~75% of the front 
side halos produced significant geomagnetic storms Zaho 
and Webb 2003 concluded that almost all the Frontside 
halos were geoeffective (in 2000) during solar minimum 
while fewer were geoeffective during solar maximum 
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with an overall geoeffectiveness rate of ~64% for halos 
detected up to the solar maximum in 2000.Tiwari and 
Shrivastava (2004) studied the occurrence of geomagnet-
ic storms in different phases of solar activity cycles. 
They found that occurrence of moderate, major and se-
vere categories of magnetic storms vary according to 11-
year solar cycle.  Kim et al. (2005) reported that only 
about 40% of the Frontside halos are geoeffective. Go-
palswamy et al. (2007) analyzed 378 halos for the period 
of 1996-2005 and concluded that ~71% of Forntside 
halos are geoeffective. Recently N. Gopalswamy (a letter 
to earth planets space, 2009) concluded that the low 
geoeffectiveness rate is a direct consequence of including 
partial halo CMEs because of their low speed. Tiwari and 
Shrivastava (2005) studied geomagnetic storms Dst � -
60nT during the period of 1996-2003 and found that 
majority of geomagnetic storms occur with days from 2 
to 5 days after the onset of halo CME events. The present 
stage of prediction of geomagnetic storms is discussed by 
Gonzalez et al. (2004) and shows some promise of know-
ing the arrival of storm with an antecedence of several 
hours of expansion speed of a CME. Gonzalez et 
al.(1994) are also reported the relationship of geomagnet-
ic storm with interplanetary phenomenon. Recently Shri-
vastava and Jaiswal (2009) concluded that the CME 
occurrence rate is minimum during low solar activity and 
maximum during high solar activity of solar cycle 23. In 
this work, we have derived a significant relationship 
between CME occurrence rate and geomagnetic Dst 
index for the extended period of 1996 to 2008.   
2      Data Analysis:  
We used all the 397 halo CMEs data observed by SO-
HO/LASCO from 1996 to 2008 taken from the SO-
HO/LASCO Halo CME catalog (http://cdaw.gsfc.nas 
a.gov/CME_list). For each halo we need solar source 
location, starting date and their universal time and the 
value of the geomagnetic index to characterize its geoef-
fectiveness. So we obtained the minimum Dst data for 
each halo CME from the world Data Center in Kyoto 
(http://swdcdb.kugi.kyoto-u.ac.jp/dstdir) during a 4-day 
interval after the CME onset (CME onset +1 day to CME 
onset +5 day).  
We have sorted the following subsets of Halo CMEs: 
Disk halos, F-limb halos, B-limb halos and Backside 
halos accordingly their definitions discussed in section 
Introduction. We have found 180 disk halos, 68 F-limb 
halos, 80 B-limb halos and remaining 69 backside halos 
out of 397 halo CMEs obtained from the LASCO halo 
CME catalog. It is further selected the Frontside halos 
made up of combination of Disk halos and Limb halos. 
We have also referred the Fully Backside halos as the 
combination of B-limb halos and Backside halos. Thus 
we have sorted 248 halo CMEs as Frontside halos and 
149 as Fully Backsided halos.  
We measured the geoeffectiveness of halo CMEs in 
terms of geomagnetic index “Dst’. For each halo CME, 
we compiled the minimum Dst value, extracted from 
Word Data Center in Kyoto occurring within 1-5 days 
after the CME onset. We choose this time – interval 
because CMEs are often reach to Earth over this time-
scale (Gopalswamy et al., 2000). The minimum Dst val-

ue selected for each CME decides its geoeffectiveness.  
For present analysis we defining that a halo CME is GE 
(geoeffective) if it is followed by Dst �−50nT, which is 
consistent with most of the other works. We also refer to 
halos with Dst ≤  -100 nT as strongly/intense geoeffec-
tive, while those followed by -50 nT < Dst < -100 nT as 
moderately geoeffective.  
In the present analysis, the CME rate is calculated as the 
number of CMEs per year. The SSN (Rz) and the Dst 
values are averaged over per year corresponding to oc-
curred halo CMEs. Those average values of Dst are cal-
culated with the number of halo CMEs occurred in cor-
responding year. The sunspot Numbers are noted corres-
ponding to each occurred halo CMEs and then average 
are calculated as above. Geomagnetic storms are classi-
fied generally into five groups:                                                            

            Weak       storms:      -30 nT to -50nT 
            Moderate storms:      -50 nT to -100nT 
            Strong     storms:     -100 nT to -200nT 
            Severe     storms:      -200 nT to -350nT 

and                    Great       storms:       < -350nT 
 Here we combine the strong, sever, and great storms into 
a single group and refer to them as strong or intense 
storms. We refer to CMEs with Dst ≤  -100 nT as strong-
ly geoeffective, while those with -100 nT < Dst ≤  -50 
nT as moderately geoeffective. We have also divided the 
study period into ascending (1996-1998), maximum 
(1999-2002) and descending (2003-2008) phases in solar 
cycle 23.  
3.      Results:  
3.1      Long Term Profile of Geoeffectiveness 
of Halo CMEs:  
For long term study of geoeffectiveness we analyzed 
subgroups of halo CMEs: Disk halos, F-limb halos, B-
limb halos and Backside halos shown as in figure1. Each 
data point represents a halo CME. The total number of 
halo CMEs and GE halo CMEs for each phase is also 
shown in plot. Our results are in agreement with the 
analysis done by N. Gopalswamy et al. (2007). From the 
calculation it is found that for Disk halos the geoeffec-
tiveness remain high throughout the period (ascending: 
79%, maximum: 70%, Descending: 85%).For F-limb 
halos the geoeffectiveness rate steadily increases from 
33% in ascending phase to 45% in maximum phase to 
79% in descending phase of solar cycle 23. For B-limb 
the geoeffectiveness rates are 40% (ascending phase), 
27% (max. phase) and 60% (descending phase) in solar 
cycle 23. But for the Backside halos the results are dif-
ferent; the geoeffectiveness rates are 15% (ascending 
phase), 45% (max. phase) and 22% (descending phase) 
with a clear peak in maximum phase. The geoeffective-
ness rate variations are similar for Disk halos and B-limb 
halos because the maximum phases of both halos show 
lower geoeffectiveness rate in the maximum phase in 
comparison with ascending and descending phases. 
It is obvious from the analysis that the geoeffectiveness 
of halo CMEs in maximum phase is most high and espe-
cially at the ending year of maximum phase 2002 in solar 
cycle 23.   
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3.2    Time delay Parameter for the Forecast-
ing of Geomagnetic Storms: 
Figure2. shows the distribution of delay time between the 
CME onset near the sun and the time of the minimum 
Dst value for geoeffective (GE) Disk halos, F-limb halos 
and B-limb halos respectively. This time delay parameter 
is very significant which is useful to forecast the geo-
magnetic storms. According to our assumption the halos 
are defined to be geoeffective when they are followed by 
a Dst value of -50 nT or less. The average delay time is 
~72 hours for disk halos (top panel of figure 3 ) and 
quick similar for F-limb and B-limb halos 64 and 67 
hours (middle and bottom panel of figure 3) respectively. 
This difference of time delay between Disk halos and 
Limb halos is due to the higher speed of Limb halos. It is 
also obvious from the plots that the most of the geomag-
netic storms are occurred between 48 to 72 hours. The 
CMEs leaving with higher speeds would be arriving 
earlier, so the delay time becomes shorter. 
3.3    CME and geoeffectiveness:  
 Figure 2 shows the distributions of minimum Dst values 
recorded within 1-5 days after the onset of halo CMEs. 
The entire halo CMEs recorded by LASCO Halo CME 
list between the periods of 1996 to 2008 have been 
grouped into Disk, F-limb (Frontside-limb), B-limb 
(Backside-limb) and Backside halos. The average (Avg.) 
and median (Med) values of the distribution are shown 
on the graphs. These histograms have been made with a 
bin size of ‘50nT’. According to the distribution of Dst 
values for different halo CMEs, we found that- 
1.  The Disk halos are followed by high Dst values (aver-
age: -113 nT; median: -83 nT).  
2. The F-limb halos are followed by intermediate Dst 
values (avg: -86nT; median: - 57nT). 
3.  The B-limb and backside halos are followed by about 
same Dst values (for B-limb halos Avg.: -49nT, median: 
-41 nT for B-limb halos and for Backside halos Avg.: -46 
nT, Med.: -33 nT).        
4.  If we count all halos followed by Dst � -50nT, then 
we find that 136 of the 180 (or 76%) Disk halos, 42 of 68 
(or 82%) F-limb halos, 36 of 80 (45%) B-limb halos and 
24 of 69 (33%) Backside halos are geoeffective. 
It can be concluded from above observations that the 
halo CMEs occurring near to the disk centre are most 
geoeffective, F-limb halos are moderately geoeffective, 
while B-limb and backside halos are either very less 
geoeffective or not geoeffective. A magnetic storm could 
be caused by both CMEs and CIRs (corotating interac-
tion regions), while most of the strong storms are caused 
by CMEs.  
5.  In figure 3 middle and bottom panels in right column 
show the fully backside and B-limb+Backside event 
respectively. These distributions are about identical i.e. 
the geoeffective behavior of Backside and B-limb halos 
are similar.  
6. All Frontside halos (F-limb+Disk) gives the geoeffec-
tiveness rate ~71% (178 out of 248) but a larger fraction 
of the disk halos are geoeffective (largest no of event 
obtained in Disk halos) rate is ~76%. Gopalswamy et al. 
(2007) reported a geoeffectiveness rate form the halos 
observed between 1996 to 2005 of 75% and 71% for the 

same with similar criteria of geoeffectiveness. The values 
obtained in our analysis are only slightly different from 
above values.  
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