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Fifty-eight geomagnetic storm sudden commencement (SSCs) with planetary index (Ap) = 20 and horizontal
component of Earth magnetic field (H) < 250 Y have been identified for the period 19791994 and their
posshle solar causes are looked upon. Solar feaures e.g., Ha, X-ray solar flares and adive prominence ad
disappeaing filaments (APDFs) have been found to occur more in lower helio latitude regions and produce
interplanetary shocks that may lead to the occurrence of SSCs at the Earth. The major SSCs (65% of the fifty
eight SCs) are sciated with coronal mass gedions (CMES). Further, it is found that, there is ymmetry
in the distribution of APDFs in both northern and southern helio latitude regions. The delay time interval
between the origination of solar events from the sun and the time of SSCs sen at the Earth is lying between
53to 126hours.

1. Introduction

Geomagnetic disturbances are generaly represented by geomagnetic storms (GMSs), sudden ionospheric
disturbances (SIDs) and ground level enhancement (GLES). GMSs can be dassfied in two ways; such as
storm gradual commencement (SGCs) and SSCs, SGSs arise from megneticdly open long lived, high-speed
solar wind streams (HSSNS) emitted from coronal holes and are usually small in magnitude. SCs are
assciated with flare generated stream and are caused by shock waves propagating from the sun through the
interplanetary medium. (Garcia and Dryer, 1987 Kumar and Y adav, 20028). The transient phenomena & the
sun surface ad in the lower atmosphere such as flare, spray and eruptive prominence ae often asociated
with huge mass motion. It is found that not all types of coronal transients generate CMEs (Godling et al.
1979. Solar flares occur in magneticdly complex regions; where the field often strongly sheaed. The
medhanism of energy release is asociated with magnetic remnnedion. Many workers have shown the
asociation of different types of GMSs with solar flares (Lockwook, 1971, Garcia and Dryer 1987). The
solar output in term of particle and field gjeded into aur interplanetary medium influences the geomagnetic
field conditions. The radiant eledro magnetic and corpuscular radiation produces disturbances at various
locaions such as polar, mid latitude and equatorial regions. These geomagnetic disturbances are measured
by different geomagretic indices AE, Kp or Ap and equatorial disturbance storm time (DST) index
(Rangargjan, 1989 Garcia and Dryer 1987. The solar disappeaing filaments (DFs) have linked with
geomagnetic adivity and also interplanetary shocks (Joselyn and Mc Intosh, 1981). The CMEs related
shocks acceéerate solar energetic particles (SEPs) causing large geomagnetic storms (Hewish and Bravo,
1986 Zhang et al, 2003. Geomagnetic Storms have been found to be particularly sensitive to the presence
of an intense southward interplanetary magnetic field that all ows efficient energy from the solar wind into
the Earth magnetosphere through magnetic recnnedion (Gonzdez and Tsurutani 1987). In this paper, an
attempt has been made to unambiguously identify solar sources of geomagnetic storms basis on a
comprehensive set of solar, interplanetary and geomagnetic ohbservations. Further, GMSs and their
asociation with various lar feaures have been investigated during the period o study.
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2. Data Analysis

Fifty-eight geomagnetic SCs with Ap =20 and H < 250Y have been identified for the period 19791994 ly
using solar wind plasma (SWP), interplanetary magnetic field (IMF) data from IMP-8 satellite and
comprehensive solar geophysicd data (SGD) reports. The SWP and IMF data ae complied by King and
Couzen in different volumes of interplanetary medium data bodk from national space science data center
(NSDC). On the basis of solar wind velocity (V) the solar feaures have been investigated 54hrs < At < 125
hrs prior to the occurrence of GMSs at Earth from SGD reports. Here At is the delay time interval between
the origination of solar events on the sun and the time of SSCs e at the Earth at various locations.

3. Results and Discussion

Akasofu and Yoshida (1967, Lockwood (1971) and Pudovkin and Chertkov (1976 have shown the
asciation of different types of GMSs with solar flares. The aciations of GMSs with Ha, X ray solar
flare and adive prominences and dsappeaing filaments have been studied. A frequency histogram of Ha
solar flares with heliographic latitude/longitude assciated with GM Ss have been plotted in Figure 1(a,b). It
is observable from Figure 1(a) that 43% Ha solar flares occurred in northern heliolatitude and 56 Ha solar
flares occurred in southern heliolatitude ae assciated with GMSs. At that heliolatitude in the range (O-
30)°N to (0-30)°S, there is concentration of 96% of Ha solar flares are aswociated with GMSs. It is
observable from Figure 1(b) that 49% and 51% Ha solar flares occurred in eastern and western
heliolongitudinal zones are assciated with GM Ss. Further, 70% Ha solar flares are associated with GM Ss at
the heliolongitude in the range (0-60)°E to (0-60)°W. Thus, it may be derived from here that the Ha solar
flares occurred with in lower heliographic latitudes are sssociated with large number of GMSs. A frequently
occaurrence histogram of X-ray solar flares with helio-latitude/longitude associated with GMSs have bee
plotted in Figure 2(a,b). It is observable from Figure 2(a) that 59% and 41% X-ray solar flares occurred in
northern and southern helio-latitude ae asciated with GMSs. At the helio latitude in the range (0-30)°N to
(0-30)°S, there is concentration of 90% of X-ray solar flares are asciated with GMSs and no X-ray solar
flares have occurred beyond 40N or 40°S. From Figure 2(b), it is evident that 48% and 526 X-ray solar
flares occurred in the eatern and the western helio-longitudes respedively are asciated with GMSs.
Further, 78% X-ray solar flares occurred at the helio-longitude in the range (0-60)°E to (0-60)°W are
asciated with GMSs. Thus X-ray solar flares occurred with in lower heliographic latitude ae assciated
with GMSs (Dubey and Mishra 1998 Kumar and Yadav, 20023, 2002k 2003. Figure 1 and 2 shows the
asymmetry in the distribution of events associated with SSCs (Y oshida and Akasofu 1965. This means that
shocks effed in certainly asymmetric, because draping field lines around the gedaleads to an asymmetry in
the post shock compresson region (Cane,1989. A frequency occurrence histogram of APDFs with helio-
latitude associated with GM Ss has been plotted in Figure 3(a,b). It is evident from Figure 3(a) that 50% of
APDFs occurred in ead northern and the southern heli o-latitude respedively are assciated with GMSs. The
most effedive zone for producing GMSs are lying between (20-30)°N and (20-30)°S. In the helio-latitude
range (0-30)°N and (0-30)°S, there is concentration of 89% of APDFs asociated with GMSs. No APDFs
occurred beyond 60N and 6S in asociation with GMSs. Further 3(b) shows that 44% and 56% APDFs
occurred in the eatern and the western helio-longitude ae ssciated with GM Ss respedively which shows
asymmetry in distribution. Furthermore, 61% APDFs occurred at the heliographic longitude in the range (O-
60) °E and (0-60) "W are asciated """ GMSs. A pealiarity has been observed that 14% of APDFs occurred
in helio-longitude range (80-90) ° W are awciated with GMSs. Thus, it may be inferred that APDFs,
occurred within lower heliographichal latitude ae assciated with GMSs on Earth (Kumar and Y adav,
20023, 2002h. While 34.5% GMSs are associated with other solar feaures. Finaly, the asociation of solar
feaures GM Ss has been investigated. Out of 58 GMSs, the 27,36,38 GM Ss are ssciated with solar flares
(Ha and X-ray),
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APDFs and CMEs respedively. Thus we conclude that 65.5% GMSs are ssciated with CMEs (Hewish and
Bravo, 1986 Webb, 1995 Zhang et at 2003 alone, while 34.5 GMS are aciated with other solar feaures.
Three GMSs are not asociated with any solar feaures which shows that some solar feaures occurring on
the badside of the solar disc ae dso contributing this cause. In many cases the transit time between the
explosion on the sun and maximum geomagnetic adivity causing GMSsis lying between 53 Hrs to 126Hrs
(Bruckner et al, 1998 Gopalswami et al, 2000 Cane ¢ al, 2000 Zhang et al., 2003. It is found that CMEs
related events are not always acampanied with high-speed solar wind streams.
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Figure 1. Occurrencefrequency histogram of Ha solar flares  Figure. 2. Occurrencefrequency histogram
Asociated with GMS with helio latitude/longitude of X- Ray solar flares asciated with
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4. Conclusions

Ha, X ray solar flares have occurred within lower helio graphic occurred within lower helio graphic
|atitude (0-30)°N and (0-30)°S are awciated with maximum number of GMSs. No. Ha, X-ray solar
flares have ocaurred beyond 40 N or 40°S.

In heliolatitude range (0-30)°N and (0-30)°S, 89% of APDFs are asociated with GMSs, where & there
isamost equal distribution of the APDFsin both northern and southern hemisphere.

Statisticdly, it is found that 65.5% GMSs are aciated with CMEs aone. This result is consistent with
Hewish and Bravo (1986, Webb (1995 and Zhang et al., 2003 olservation and inconsistent with
Grarcia & Drayer (1987) resullt.

CMEs are more related with APDFs than other solar feaures and they occur at low helio latitude. It is
observed that CMEs related GM Ss are not always associated with HSSANSs.

In many events, the delay time interval between the origination of solar events from the sun and the time
of SCs ea at Earth islying between 53 hrsto 126hrs.
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