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ABSTRACT 

 

The Earth’s magnetosphere and upper atmosphere can be greatly perturbed 

by variations in the solar luminosity caused by disturbances on the Sun. The state of 

near-Earth space environment is governed by the Sun and is very dynamic on all 

spatial and temporal scale. Geomagnetic storms are seen at the surface of the Earth as 

perturbations in the components of the geomagnetic field, caused by electric currents 

flowing in the magnetosphere and upper atmosphere. The transient bursts of solar 

energetic particles, often associated with very large solar flares, have been observed 

to have effects on the Earth’s magnetosphere.  I the present study we observed that 

(42/80) storms were associated with CMEs. Total numbers of storms related to M and 

X-class flares were (26) and (16) respectively, however (13) storms were with CME 

only (without solar flares or CIR) and (11) storms were with solar flares only (without 

association of CMEs or CIRs). We found that (14/80) large storms were associated 

with CIR (Co-rotating interaction region) for the period 1996 to 2012. 

 

Keywords: Earth’s magnetosphere, upper atmosphere, geomagnetic field. 

 
INTRODUCTION 

 

Solar flare and large geomagnetic stroms, large ‘solar’ energetic particle events and 

transient shock wave disturbance in solar wind led to paradigm of cause effect that gave flare 

a central position in chain of events leading from solar activity to major transient disturbance 

in the near -earth space environment. Solar plasma disturbance originating on the Sun, such as 

coronal mass ejection (CME), is major factor in determining disturbance in the near-Earth 

environment. Largescale solar CME travels through the inner heliosphere at the speed of up to 

http://www.physics-journal.org/
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1000 km/s, reaching the space environment of Earth within 1–3 days and carrying with them 

to the potential for major geomagnetic disturbance (Hundhausen et al. 1997; Gosling 1990; 

Tripathi and Mishra 2006; Singh 2012). CMEs release huge quantities of matter above the 

surfaces of the sun near the corona and emission of electromagnetic radiation does refer to the 

solar flare. The ejected plasma consists of primarily electrons and protons, but may contain 

small quantities of heavier elements such as helium, oxygen and iron. It is associated with 

enormous changes and disturbances in the coronal magnetic field. When the ejection is 

directed toward the Earth and reaches it as an interplanetary coronal mass ejection (ICME), 

the shock wave of the traveling mass of solar energetic particles causes a geomagnetic storm 

that may disrupt the Earth’s magnetosphere, compressing it on the day side and ending the 

night side magnetic tail. When the magnetosphere reconnects in the nightside, it creates power 

on the order of terawatt scale, which directs back toward the Earth’s upper atmosphere. Solar 

activity comprising sunspots and other phenomena is strongly related to the disturbance in the 

Earth’s magnetic field, giving rise to various effects in the Earth’s upper atmosphere 

(Muscheler et al. 2007; Usoskin et al. 2009; Gopalswamy et al. 2000 and Singh et al. 2015). 

Shocks occur in the solar atmosphere (the corona) during solar flares and other manifestations 

of solar activity. Flares and CMEs can inject energy and material into the solar wind driving 

traveling interplanetary shocks which propagate out through the solar system. The solar wind 

has highspeed and low-speed streams, coming from different source regions on the sun. Shocks 

can form at the interface between a slow stream being overtaken by a fast stream. 

Solar activity is associated with evolution of solar magenetically complex regions 

where the field is often strongly shored. During magenetic reconnection some friction of the 

charge particles present in vicinity of flare site are accelerated to high energy. The solar flare 

process some of these accelerated particles escape quickly in to space along the interplanetary 

magenetic field; some of these accelerated particles escape quickely into space along the 

interplanetary magenetic field; other are trapped in closed field region at sun, diffuse slowly 

across field line in solar atmosphere and leak out in to interplanetary space over a period of 

several deg’s. 

When the energetic particles arrives at 1 AU (or at space craft) they cause a solar 

energetic particle event; when they impinge upon the upper atmosphere in polar regions of the 

earth they cause a polar cap absorption event. When the speed of rapidly expanding corona 

and chromospheres material is sufficiently high a shock disturbance is produced in 

interplantery space. A large geomagnetic strom and aurroral disturbance result’s when this 

interplantery disturbance iming’s upon earth‘s magnetosphere (Joselyn et al. 1981; Gosling 

1993; Webb 1995). 

The terrestrial effects of solar activity and the solar activity cycle used for solar 

terrestrial relation is ‘Space Weather’. This term describes all external effects on the space 

environment of earth and earth’s atmosphere. The main driver for space weather is our Sun. 

Explosive event on the Sun that are modulated by Solar activity cycle lead to enhanced particle 

emission and short wavelength radiation. This affect Satellites: for example Surface charging 

and enhanced drag forces on satellites in low Earth orbit causes satellite crashes etc. the 
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phenomena underlying Solar activity is also important for prediction of solar out brust and thus 

establishing alert systems for space missions and telecommunication systems (Howard et al. 

1982; Gopalswamy 2004; Pandey and Dubey 2009; Zhang et al. 2007; Singh et al. 2015). 

The Sun's turbulent atmosphere, at more than a million degrees C, is a place of constant 

churning and frequent explosions. Loops of magnetic fields arc above the surface, filled with 

clouds of electrified gas known as plasma, the electrified gas forms when temperatures become 

so hot that atoms break apart into charged particles. The charged plasma particles are blown 

away from the Sun in every direction, moving millions of miles per hour which is enough 

speed to escape the gravitational pull of the Sun. This vast flow is known as the solar wind, 

and it extends beyond the far reaches of our solar system (Tsurutani and Gonzalez 1997; 

Gonzalez et al. 1995 and Gopalswamy 2007). 

The Sun’s outer atmosphere, or corona is visible from the ground only during a total 

solar eclipse (or an artificial eclipse created by a specialized telescope called a coronagraph), 

when it appears as a pale cloud encircling the Sun. But whether or not an eclipse is in progress, 

observers should never look directly at the Sun. Even after traveling 93 million miles, the 

energy we call sunlight can damage the eye. The solar wind leaves the corona, it flows around 

obstacles such as planets. Those planets each with its own magnetic field respond in particular 

ways. The shape of Earth's magnetic field resembles the pattern formed when iron filings align 

around a bar magnet. Under the influence of the solar wind, Earth's magnetic field lines are 

compressed in the direction of the Sun and stretched out downwind. This creates the 

magnetosphere, a complex, tear drop-shaped cavity around Earth (Dubey 1998; Dubey and 

Mishra 2000). 

The onset of CMEs has been associated with many solar disk phenomena such as flares 

(Feynman and Hundhausen, 1994), prominence eruptions (Hundhausen, 1999), coronal 

dimming (Sterling and Hudson, 1997; Thompson et al., 1999), arcade formation (Hanaoka      

et al., 1994; Hudson and Webb, 1997) and X-ray sigmoids (Canfield et al., 1999). However, 

the vast majority of the ejected energy assumes the form of mechanical energy carried by the 

CME and not the associated solar flare, even in the most energetic cases (Emslie et al., 2004). 

Many CMEs have also been observed to be unassociated with any obvious solar surface 

activity (Howard and Tappin, 2008). Most flares occur independently of CME eruptions and 

it now seems likely that any flare accompanying a CME is part of an underlying magnetic 

process rather than being a direct cause of the CME launch (Kahler, 1992; Gosling, 1993). 

Recent models describing the onset and early evolution of CMEs (Moore and Roumeliotis, 

1992 and Lynch et al., 2005) provide a variety of mechanisms by which this may be 

accomplished. 
 

A geomagenetic strom is disturbance of the earth’s magenetic field and ionospheric 

strom is disturbance of the ionosphere, magentospheric and ionospheric current are coupled 

through field –aligned current. The ionosphere and magnetosphere are coupled in so many 

different ways that nearly every magnetospheric process bears on the ionosphere in some way 

and every ionospheric process on magnetosphere( wolf et al., 1974 ) the magnetosphere- 

ionosphere system and interaction is strongly goverened by the activity of the sun (Hargreaves, 
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1992), the magentosphere is directely influenced by solar wind parameter and by the strength 

and direction of interplanetery magenetic Field(IMF), the condition of ionosphere, the 

existence of which is due to the X ray and ultraviolet raditation emitted by the sun, is 

principally determined by the level of both solar activity and geomagenetic perturbation.to 

provide global and specific information on physical state of entire system at given epoch, 

several geophysical indices were  introduces.  
 

2. SELECTION CRITERIA AND DATA SOURCE 
 

The aim of the statistical study presented in the paper is to define that how solar plasma 

does inters in geomagnetosphere and affect the upper atmosphere. In the present work, we 

have analyzed less than -100nT to -200nT large geomagnetic storms that are very harmful to 

us, and they affect our communication system, power grid, pipelines, satellite and space 

weather. For this study, we have chosen a long period (1996-2012), which cover solar cycles 

23 and maxima of solar cycle 24. The study of solar cycle 23 has unique important because 

occurrence of large geomagnetic storm during its declining phase. Various types of 

geomagnetic disturbances and their possible solar and interplanetary (CMEs and solar flares) 

causes are explained in this work. For this purpose we have selected CMEs data from SOHO 

LASCO and the data of solar flares was downloaded from the National Geophysical Data 

Centre web site (htt://www.ngdc.noaa.gov/stp/SOLAR/ftpsunspotnumber.html). 

 

3. RESULTS AND DISCUSSION   
 

Association of M and X-class flare with CMEs for large geomagnetic storms  

(Dst≤-100 to -200nT) 
 

Many recent studies indicate that coronal mass ejections (CMEs) and corotating 

regions (CIRs) are mainly responsible for large geomagnetic disturbances. CMEs are often 

associated with solar flares and prominence eruptions but they can also occur in the absence 

of either of processes. The frequency of CMEs varies with the sunspot cycle. A set of 80 large 

geomagnetic storms associated with Dst decreases of less than -100 to -200 nT, observed 

during the period 1996 to 2012 of solar cycle 23 and 24 has been analyzed in the present 

section. Various characteristic features as well as seasonal solar cycle dependence, variation 

of different phases of storms and seasonal dependence of above mentioned storm events have 

been analyzed.  

We observed that 52.5% (42/80) storms were associated with CMEs. Majority of these 

storms were associated with solar flares also. Number of storms related to M and X-class flares 

were 32.5% (26) and 20% (16) respectively, however 16.2% (13) storms were associated with 

CME only (without solar flares or CIR) and 13.7 (11) storms were associated with solar flares 

only (without association of CMEs or CIRs). It shows that large storms associated with CMEs 

are more accompanied by M-class and X-class flares (Fig. 4.24 and fig. 4.25). Fig. 4.26 shows 

the occurrence of flare maximum in year 1998 and 2002 which do not follow the phase of solar 

cycle 23. CMEs except do not follow the declining phase of the cycle. We found that 17.5% 
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(14/80) large storms were associated with CIR (Co-rotating interaction region). These storms 

were observed during solar minima of solar cycle 23 and 24 (fig.  4.27). 

 

 
Fig.1: Shows the occurrence of M-class flare associated with CMEs and SSN for large storms (Dst ≤-100 to -

200 nT) during the period 1996 to 2012. 

 
 

 
Fig. 2: Shows the occurrence of X-class flare associated with CMEs and SSN for large storms (Dst ≤-100 to -

200 nT) during the period 1996 to 2012. 
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Fig.3: Shows the occurrence of CMEs, Flare and SSN for large storms (Dst ≤ -100 to -200nT) during the 

period 1996 to 2012. 
 

 
Fig.4: Shows the occurrence of CIRs and SSN for large storms (Dst ≤-100 to -200nT) during the period 1996 

to 2012. 

 

CONCLUSION 
 

Geomagnetic storms are the most dramatic manifestation of solar terrestrial coupling. 

The solar derivers of geomagnetic storms are CMEs and coronal holes. Observations of these 
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phenomena are made by solar observatories on the ground by the high altitude observatory and 

big bear observatory, and in space, using instruments such as those onboard the NAS/ESA 

SOHO spacecraft. The Earth’s magnetosphere and upper atmosphere can be greatly perturbed 

by variations in the solar wind caused by disturbances on the Sun. 

The magnitude of large geomagnetic storm is associated with interplanetary magnetic 

field. The magnetic reconnection provides opportunity to entering solar plasma within in 

geomagnetosphere. Considering various latest theories and mechanism, we have analyzed 

moderate, large, super and super great geomagnetic storms associated with Dst decrease of 

more than 60nT, 100nT, 200nT, 300nT respectively and its various associations. For this study, 

we have chosen large interval 1996 to 2012. 

Large geomagnetic storms (Dst≤-100 to -200nT) have been observed for the period 

1996 to 2012 during solar cycle 23 and 24. We found that 17.5% (14/80) large storms were 

associated with CIR (Co-rotating interaction region). WE conclude that main source of large 

storms were solar flares (M-class and X-class), however good number of these storms were 

also produced by CIR. These storms were observed during solar minima of solar cycle 23-24. 
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