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Abstract: A geomagnetic storm is a global disturbance in Earth’s magnetic field usually characterized by a 

main phase during which the horizontal component of the Earth’s low latitude magnetic field are significant-

ly depressed over a time span of one to a few hours followed by a recovery phase that may extend over sev-

eral days. These magnetic storms generally occur due to abnormal conditions in the interplanetary magnetic 

field (IMF) and solar wind plasma emissions caused by various solar phenomenons. 

 In the present study geomagnetic storm events are characterized by the Disturbance storm time (Dst) 

index measured in terms of nano Tesla (nT) during the periods 1996-2003. A storm is said to be weak if (Dst 

< 50 nT), Moderate if (Dst51-150nT), Intense/great if (Dst151nT 250nT), Super storm if (Dst > 251 nT).The 

present work deals with a complimentary question mainly referring to solar and interplanetary features that 

causes very large and intense geomagnetic storms, for this purpose we have used the Dst index as an indica-

tor of geomagnetic activities, using which we have classified the storm event in to two categories i.e.  

         Intense geomagnetic storms with Dst ≤ -300 nT, and 

           Supper intense storms with Dst index ≥ -301 nT.  
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1. Introduction 

 Various studies have successfully reported 

that particularly for intense geomagnetic storms, the 

presence of southward interplanetary magnetic field 

is necessary (Burlaga 1987; Kaushik 2003). Ac-

cording to the recent literature available so for it is 

not easy to define concisely that what exactly con-

stitutes a magnetic storm . However, for the present 

study the defining properties taken by Loewe and 

Prolss (1997) is used, according to which it is suffi-

cient to identify a magnetic storm by assuming one 

of its defining properties the creation of an en-

hanced ring current leading to a significant depres-

sion in Dst index. Further, according to this selec-

                                                             DOI: 10.7529/ICRC2011/V10/1228

Vol. 10, 135



SUJEET KUMAR MISHRA et al. IDENTIFICATION OF … 

 

tion this depression must have a reasonable well-

defined onset, minimum and a recovery phase. This 

implies that the isolation depressions are of chief 

interest, although for severe and great storm i.e. for 

large perturbations more complex variations are 

considered. The present work deals with a compli-

mentary question mainly referring to solar and in-

terplanetary features that causes very large and in-

tense geomagnetic storms, for this purpose we have 

used the Dst index as an indicator of geomagnetic 

activities, using which we have classified the storm 

event in to two categories i.e. Intense geomagnetic 

storms with Dst ≤ -300 nT, and Supper intense 

storms with Dst index ≥ -301 nT. 

 Large geomagnetic storms are usually 

caused by structures in the solar wind having specif-

ic features: long durations of strong southward in-

terplanetary magnetic field (IMF) impinging on the 

Earth's magnetosphere. These features are effective 

in causing geomagnetic disturbances and are said to 

be geoeffective. We use the term geoeffective to 

mean “storm-causing'' with the resulting storm se-

verity exceeding a specified threshold. Currently, 

the criterion is that Dst remains below -80 nT for 

two hours or longer. Geoeffective solar wind struc-

tures are clearly distinguishable from the typical 

solar wind characterized by weak (typically 5 nT) 

fluctuating IMF. They can be described as magnetic 

flux ropes, often referred to as magnetic clouds 

(Burlaga, 1987), and are highly correlated with 

coronal mass ejections (CMEs), an eruptive solar 

phenomenon in which enormous amounts of plasma 

(10^15 g) and magnetic energy   (10^32-10^33 erg) 

are ejected by the Sun at high speeds reaching sev-

eral hundred to more than 1000 kilometers per 

second. The sporadic eruptions and the subsequent 

propagation of the ejecta cannot be predicted accu-

rately at this time. The storm prediction technique 

currently in use, which relies on observations of 

solar activity, can provide forecasting time of a few 

days but are not accurate. 

2. Results and Discussion 

This study is intended to unambiguously 

identify solar sources of major geomagnetic storms 

based on a comprehensive set of solar, interplaneta-

ry, and geomagnetic observations. Coronal mass 

ejections (CMEs) from the Sun drive solar wind 

disturbances in terms of magnetic field, speed, and 

density, which in turn cause magnetic disturbances 

at the Earth. Geomagnetic storms have been found 

to be particularly sensitive to the presence of an 

intense southward interplanetary magnetic field that 

allows efficient energy transfer from the solar wind 

into the Earth's magnetosphere through magnetic 

reconnection. 

         In early studies, interplanetary solar wind data 

have been used to indirectly infer the nature of solar 

sources of geomagnetic storms. There are in general 

two kinds of solar sources, CMEs and co rotating 

interaction regions. The CME counterparts in inter-

planetary space, conventionally called interplaneta-

ry CMEs (ICMEs), can be verified by various solar 

wind signatures including magnetic clouds  and 

bidirectional electron fluxes. Other solar wind fea-

tures can also be used as CME signatures. ICMEs 

are geoeffective because of either the enhancement 

of an interplanetary magnetic field compressed by 

CME-driven shocks or the presence of strong mag-

netic fields carried by CMEs themselves, or both. 

Corotating Interaction Regions are compressed 

solar wind structures that occur when a fast-speed 

stream originating in open magnetic field coronal 

holes catches up with a preceding slow-speed 
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stream originating from a relatively closed magnetic 

structure.  

       A combination of remote sensing solar observa-

tions and insitu solar wind observations provides an 

integrated approach to the identification of the solar 

sources of geomagnetic storms. Earlier efforts to 

establish individual Sun-Earth connections have 

been based on presumed CME proxies, including 

disappearing solar filaments.  Erupting features in 

X-ray coronal images. And long-duration soft X-ray 

flares. Since the advent of SOHO, a comprehensive 

approach has become possible due to the CME ob-

servations of the Large Angle and Spectrometric 

Coronagraph and coronal observations of the EUV 

Imaging telescope.  

 In the present study geomagnetic storm 

events are characterized by the Disturbance storm 

time (Dst) index measured in terms of nano Tesla 

(nT) during the periods 1996-2003. A storm is said 

to be weak if (Dst < 50 nT), Moderate if (Dst51-

150nT), Intense/great if (Dst151nT 250nT), Super 

storm if (Dst > 251 nT). Having the selecting of 

storm on the basis of the above criteria, we have 

reached to the following conclusions: 

1. We have found total 237 magnetic storms 

during the period 1996-2003, minimum 6 

storms have been observed in year 1996, 

while maximum 47 magnetic storm have 

found in 2003.The overall picture can be 

summarized as shown in Figure 1  

2. Total 70 (i.e.30 %) magnetic storms in ei-

ther the category are associated with inter-

planetary coronal mass ejections (ICME’s). 

In year 1996 no any ICME’s have found. 

Maximum 17 storms are associated in the 

year of 2000. Figure 2    

3. Total 133 (i.e.57%) magnetic storms in 

either the category are associated with co-

ronal mass ejections (CME’s). Minimum 4 

storms are associated in year 1996, maxi-

mum 31 storms are associated in year 2000. 

The significant difference in the year is also 

evident from the histogram plotted in Fig-

ure 3  

4. Total 65 (28 %) events of geomagnetic 

storm are associated with solar flares. It is 

clear from histogram  that 18-18 solar flares 

are associated in year of 2000and 2001. To-

tal 27 storms are associated with interplane-

tary shocks.  

5. Total 68 events of storms mainly in the 

moderate classes are caused because of the 

other kinds of miscellaneous solar and in-

terplanetary activities. The significant dif-

ference in the year is also evident from the 

histogram plotted in Figure 4 
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Figure 1 Depict the total number of storm observed 

during the period of 1996-2003 
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Association of ICME'S with Geomagnetic storm during period 1996-
2003
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Figure 2 Depict the association of ICME'S with 

Geomagnetic storm during period 1996-2003 
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Figure 3 Depict the association of CME'S with 

Geomagnetic storm during period 1996-2003. 

 

Miscellaneous Solar and Interplanetary activities
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Figure 4. Depict the association of miscellaneous 

solar and interplanetary activities with Geomagnetic 

storm during period1996-2003. 

 

Interplanetary Shocks during period 1996-2003
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Figure 5 Depict the association of Interplane-

tary shocks with Geomagnetic storm during 

period 1996-2003 
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