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Abstract:

An investigation of shock related geomagnetic storms of
magnitude <-90nT observed between 1997 and 2011 with coronal mass
ejections (CMEs), X-ray solar flare and IMF was carried out. We found
that out of 54 geomagnetic storms 48 (88.09%) geomagnetic storms are
found to be associated with coronal mass ejections (CMEs) The
association rates of halo and partial halo coronal mass ejections were
found to be 75% and 25% respectively. It was also inferred that the
shock related geomagnetic storms have been found to be associated
with x-ray solar flares of different categories. Out of 54 geomagnetic
storms 07 (12.96%) geomagnetic storms are found to be associated with
X class X-ray solar flares. 27(25%) geomagnetic storms are found to be
associated with M class X-ray solar flares and 11(20.37%) geomagnetic
storms are found to be associated with C class X-ray solar flares.
08(14.81%) and 01 with A-class solar flares CMEs are found to be
associated with B class X-ray solar flares. We have found that weak
positive correlation with correlation coefficient of 0.26 between
magnitude of geomagnetic storms and speed of associated CMEs.
Furthermore, it was concluded that shock related geomagnetic storms
are closely related to disturbances in interplanetary magnetic field.
Positive correlation with correlation coefficient of 0.39 was found
between magnitude of shock related geomagnetic storms and peak
value of interplanetary magnetic field. The correlation coefficient of
0.35 between magnitude of shock related geomagnetic storms and
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magnitude of associated jump in interplanetary magnetic field (JIMF)
events was obtained.

Key words: Shock Related Geomagnetic Storms, CMEs, X-ray Solar
Flares, JIMF.

INTRODUCTION

The physical condition on the sun and in the heliosphere
responsible for the production of appreciable geomagnetic
perturbations is still under investigation. They are commonly
related to powerful non stationary process on the time scale
from less than one hour to many hours in the solar corona and
deeper layers of the solar atmosphere. It is generally believed
that geomagnetic perturbations are produced by heliospheric
magnetic fields and solar wind plasma streams related to the
active regions, disappearing filaments and prominences, solar
flares, coronal mass ejections (CMEs) and coronal holes (CH),
and heliospheric current sheet (HCS). Impulsive and long
duration solar flares, disappearing filaments, CMEs transient
brightening and coronal holes, are the most popular solar
signatures to date used for investigation purposes. Coronal
mass ejections (CMEs) are a key aspect of coronal and
interplanetary dynamics .They can eject large amounts of mass
and magnetic field into the heliosphere causing major
geomagnetic storms and interplanetary shocks. The measured
properties of CMEs include their occurrence rate ,locations
relative to the solar disk, angular widths, speeds and masses
and energies (Webb,2002,Gopalswamy et al . 2003 Yashiro et al
2004). Halo CMEs which appear as expanding, circular
brightening that completely surround the coronagraphs
occulting disks This suggests that these are normal CMEs seen
in projection (Burkepile et al 2004)to be moving outward either
toward or away from the earth .CMEs which have a larger
apparent angular size than typical limb CMEs but do not
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appear as complete halos are called partial halo CMEs..
Coronal mass ejections (CMEs) that appear to surround the
occulting disk of the observing coronagraphs in sky plane
projection are known as halo CMEs (Howard et al., 1982). Halo
CMEs are fast and wide on the average and are associated with
flares of greater X-ray importance because only energetic CMEs
expand rapidly to appear above the occulting disk early in the
event (Gopalswamy et al., 2007). Halo CMEs are more energetic
(average speed is ~1000 km/s compared to ~470 km/s for
ordinary CMEs). When CMEs are aimed directly at Earth, the
ICMEs are likely to arrive at Earth as magnetic clouds (MCs),
which are a subset of ICMEs that have flux rope structure.
Since halos became common place in the SOHO era, there have
been several attempts to characterize their geoeffectiveness
(Zhao and Webb, 2003; Yermolaev and Yermolaev, 2003; Kim et
al., 2005; Yermolaev et al.,2005; Gopalswamy et al., 2007).
Using CMEs from the rise phase of solar cycle 23, St. Cyr et
al.(2000) concluded that~75% of the front side CMEs are
geoeffective. It is generally believed that the occurrence of a
geomagnetic storm depends upon the solar conditions, particu-
larly the southward interplanetary magnetic field (IMF)
component. Wu & Lepping (2006) investigated geomagnetic
activity induced by interplanetary magnetic cloud (MC) during
the past four solar cycles, 1965~ 1998 and found that the
intensity of geomagnetic storms is more severe in a solar active
period than in a solar quiet period. Echer et al. (2008) also
identified the interplanetary causes of intense geomagnetic
storms and their solar dependence occurring during the solar
cycle 23 (1996~2006). Lopez et al. (2004) also showed that high
solar number density causes a change in the compression ratio
of the bow shock for strong and southward IMF, which is
typically associated with geomagnetic storms and an enhanced
ring current. Du et al. (2008) studied a geomagnetic storm that
occurred on 21-22 January 2005, and found that magnetic
storm is highly anomalous because the storm main phase

EUROPEAN ACADEMIC RESEARCH - Vol. IV, Issue 4/ July 2016
3566



Preetam Singh Gour, Shiva Soni- Shock Related Geomagnetic Storms and Their
Relation with CMEs, X-Ray Solar Flares and IMF

developed during northward IMFs. Wu.C.C. Lepping et al
(2005) studied geomagnetic storms with southward-directed
magnetic field; they have determined that intense geomagnetic
storms are caused by intense southward-directed magnetic
field. They have found high co-relation between Bz and
Dstindex. By the study of geomagnetic storms with properties
of solar wind plasma during the period (1966-2000), W. Lyatsky
and A. Tan (2003) (S.-I. Akasofu, 1983). Several investigators
have analyzed geomagnetic storms with different solar wind
parameters (L. S vanguards 1977 P. Perrault, 1978.
Maezawal979P. T. Murayamal982H. B. Garrat, 1974 M. L
Pudovkin (1980). W. D. Gonzalez et al1994].Wu.C.C. Lepping
(2005) W. Lyatsky and A. Tan (2003). W.D. Gonzalez et al
(1987) have concluded that there is strong relation between
interplanetary magnetic field and geomagnetic storms. They
have determined that southward component Bz< — 10 nT of
IMF lasting for 3 hours always generate geomagnetic storms.
Wu.C.C. Lepping et al (2005) studied geomagnetic storms with
southward-directed magnetic field; they have determined that
intense geomagnetic storms are caused by intense southward-
directed magnetic field.In this investigation, an attempt was
made to know which of the physical process mainly responsible
to generate moderately intense geomagnetic storms and
possible relationship between coronal mass ejections and
interplanetary magnetic fields.

SOURCES OF DATA

This data was collected from the NSSDC Omni web data
system which was created in late 1994 for enhanced access to
the near earth solar wind, magnetic field and plasma data of
Omni data set that consists of one hour resolution near earth,
solar wind magnetic field and plasma data, energetic proton
fluxes and geomagnetic and solar activity indices. The data of
CMEs was collected from SOHO — large angle spectrometric,
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coronagraph (SOHO/LASCO) and extreme ultraviolet imaging
telescope (SOHO/EIT) data. To determine disturbances in
interplanetary magnetic, hourly data of average interplanetary
magnetic field were used, these data were also obtained from
the Omni web data
(http//omniweb.gsfc.nasa.gov/form/dxi.html)). The data of X-ray
solar flares radio bursts and other solar data which include,
solar geophysical data report from the U.S. Department of
commerce, NOAA monthly issue and solar STP data
(http://www.ngdc.noaa.gov/stp/solar/solardataservices.html.)
were used.

DATA ANALYSIS AND RESULTS

In this study we use statistical method association and
correlation for data analysis of the observed geomagnetic
storms, CMEs, X-ray solar flares and interplanetary magnetic
field (IMF).

» Statistical relation of geomagnetic storms with
coronal mass ejections

The data of observed geomagnetic storms and coronal mass
ejections and solar flares are given in Table-1. From data
analysis it was observed that the number of geomagnetic
storms during 1997 to 2011 is54. Out of these 48 (88.09%)
geomagnetic storms were found to be associated with CMEs.
The association rate of halo and partial halo coronal mass
ejections were found to be 75% and 25% respectively.
Distribution of shock related geomagnetic storms with CMEs is
shown in figure-1. Figure-2 shows the scatter plot between
speed of CMEs and magnitude of shock related geomagnetic
storms.
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» Statistical relation of geomagnetic storms with X-ray

solar flare associated with coronal mass ejections
From the data analysis of geo-magnetic storms and X ray solar
flares associated with coronal mass ejections, it was observed
that the geomagnetic storms which are associated with coronal
mass ejections are also related to X-ray solar flares of different
categories. Forty eight geomagnetic storms which are
associated with coronal mass ejections were identified in this
study. Out of 48, 07geo-magnetic storms are found to be
assoclated with X class, 27 with M class, 11 with C class, 08
with B class and O1with A class X-ray solar flares. Distribution
of various solar flares is given in figure-3.

» Statistical relation of geomagnetic storms with IMF
From the data analysis it was observed that all geomagnetic
storms are associated with JIMF events shown in figure-6 and
7. to see how the magnitude of geomagnetic storms are
correlated with the peak values of the associated JIMF events,
a scatter plot was plotted against the magnitude of geomagnetic
storms and maximum peak value of JIMF events (Figure 4). It
is clear from the figure that maximum geomagnetic storms that
have large magnitude are associated with such JIMF events
which have relatively large peak value. Positive correlation was
found with correlation coefficient 0.39 between magnitude of
geomagnetic storms and magnitude of peak value of associated
JIMF events. Further To see how the magnitude of geomagnetic
storms are correlated with the magnitude of JIMF events, a
scatter plot between the magnitude of geo-magnetic storms and
associated JIMF events was plotted (Figure 5). It is clear from
the figure that maximum geomagnetic storms that have large
magnitude are associated with such JIMF events which have
relatively large magnitude. Positive correlation was found with
correlation coefficient 0.35 between magnitude of geo-magnetic
storms and magnitude of associated JIMF events.
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Table-1 Data of Geomagnetic storms, Solar flare and CMEs.

SNo. Geomagnetic Storms Dst<-90nT Solar flare Coronalmass Ejections (CMEs)
DATE Year Day Four Magnitude Date Type No Date Time Type SPEED
1 10011997 1997 10 3 01 07.01.1997 X 7 06.01.1997 T5:10:42 Halo 136
2 10041997 1997 100 9 02 07.011997 C 68 07.01.1997 42T Halo 578
3 15.05.1997 1997 135 5 B 12.05.1997 B 2 12.05.1997 5:80:05 Falo 61
T 03.09.1997 1997 216 5 108 02.09.1997 M 10 30051997 T30:35 Talo B
5 30.12.1997 1997 361 2 S 28121997 B 50 26121997 23150 Partial 97
3 17.02.1998 1998 s [ 1402.1098 B 3 na na na NA
7 02.05.1998 1998 122 9 50.01.1998 C 6 29.01.1998 165851 Halo 1374
5 07.11.1998 1908 B T 05111908 N E 04111998 T8 Halo 523
5 28021999 1999 59 17 25021999 B 51 [ na na na
10 16041999 1999 106 5 13.01.1999 C 19 . na
1T 12.09.1999 1999 255 7 10.09.1999 B 56 1009.1999 Partial
2 22.09.1999 1999 265 5 19.09.1999 g ) 20091999 Talo
13 31101999 1999 ED = 20101999 N 17 19.10.1999 Partial
11 22.01.2000 2000 22 1 18.01.2000 M 39 18.01.2000 Halo
5 15.07.2000 2000 197 1 14.07.2000 X 57 12.07.2000 Halo
16 15.09.2000 2000 59 w 12.09.2000 ] 0 12.09.2000 Halo
17 13.10.2000 2000 287 T 12.10.2000 M 5 11102000 Partial
18 28102000 2000 302 20 27102000 A 0 25102000 Halo
01.11.2000 2000 309 3 01.112000 C 58 01.112000 Halo
10.11.2000 2000 315 7 05112000 N 7 0112000 Talo
27.08.2001 2001 Ed ] 35.03.2001 N B 25.08.2001 Halo
31032000 2000 % 3 29.03.2000 X 17 20.08.2001 Halo
18042001 2001 108 T 15.04.2001 X 15.04.2001 Partial
17.08.2001 2001 2 14.08.2001 C 15.08.2001 235405 Halo
25102001 2001 295 0 22102001 M 22102001 15:06:05 Falo
05.11.2001 2001 309 [ 04.11.2001 X 04.11.2001 16:35:06 Halo
27 21112001 2001 328 3 22112000 I 99 22.11.2001 23:3005 Halo
2 29.12.2001 20010 363 22 28122001 X 31 28122001 20:80:05 Halo
2 23.03.2002 2002 B i 22.03.2002 N 16 22.03.2002 TL06:05 Halo
50 17.04.2002 2003 07 T 14.04.2002 N Ed 15.04.2002 F50:05 Halo
51 11.05.2002 2002 131 15 09.05.2002 B 98 08.05.2002 15:50:05 Halo
52 23.05.2002 2002 143 i 20.05.2002 X 21 21052002 215005 Partial
33 172002 2002 213 10 2912002 M [ 72972002 23:3005 Partial
31 30.09.2002 2002 273 T 27.09.2002 M s 26092002 AL Partial
17.08.2008 2008 229 i 14.08.2008 C 7 11.08.2008 20:06:05 Halo
20.11.2003 2003 321 2 17.11.2008 M 2 18.11.2008 50:05 Halo
03.04.2001 2001 o1 0 51032001 [ 7 na na
52072004 2001 504 s 30.07.2004 i £ 20.07.2004 53152 Halo
50.08.2004 2001 213 5 27.08.2004 B 18 na
07.11.2004 2001 512 9 04112004 i 54 04112001 Halo
28052005 2005 118 [ 27.05.2005 M i 26052005 Halo
12.06.2005 2005 163 16 05.06.2005 B Ed na o o
3 1007.2005 2005 191 [ 07.07.2005 M 19 09.07.2005 22:3005 Halo
a1 21082005 2005 236 3 22.082005 M 56 22.082005 17:30:05 Halo
55 11.04.2008 2006, 101 0 11.04.2006 C 23 10.04.2006 6:06:01 Partial
i 14.12.2006 2006 518 T 13.12.2006 X 51 13.12.2006 Halo
ki 05082011 2011 217 1 3082011 ] 50 01082011 Falo
s 09.092011 2011 252 B 08092011 A 67 07.092011 184805 Partial
9 17.09.2011 2011 260 7 11.09.2011 C 52 15.09.2011 0:00:06 Partial
50 26.09.2011 2011 269 [ 136 25092011 M 7 25092011 124807 Halo
51 21102011 2011 207 B 357 22102011 N 13 22102011 102405 Halo

Frquency of Shock Related GMS

Distribution of Shock Related GMS with CMEs

CMEs

Types of CMEs

Figure- 1 Distribution of shock related geomagnetic storms with
coronal mass ejections.
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Figure -2-The figure shows scatter plot between speed of CMEs and
magnitude of shock related geomagnetic storms.
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Figure -3-The figure shows distribution of geomagnetic with X ray
solar flares of different categories.

Scatter plot between magnitude of geomagnetic storms and
maximum IVIFE
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Figure-4- Shows scatter plot magnitude of geomagnetic storms and
jump peak value of JIMF events.
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Scatter plot between Magnitude jeomagnetic storms and

of ¢
magnitude of IMF

Magnitude of geomagnetic storms in nT
Figure-5-Shows scatter plot between magnitude of geomagnetic
storms and magnitude of JIMF events.

g Variation of GMS with Peak value of IMF
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Figure-6- Shows magnitude of geomagnetic storms and peak value of
interplanetary magnetic field observed between 1997 and 2011.
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Figure-7- Shows magnitude of geomagnetic storms and magnitude of
interplanetary magnetic field observed between 1997 and 2011.

CONCLUSION

In this study, geomagnetic storms of magnitude <-90nT
observed between 1997 and 2011 were studied with CMEs,
solar flares and interplanetary magnetic field. It was concluded
that geomagnetic storms are closely related with interplanetary
magnetic field. From the analysis of geomagnetic storms with
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coronal mass ejections related with X-ray solar flares, it was
concluded that geomagnetic storms are found to be associated
with X-ray solar flares. The earth directed coronal mass
ejections are mainly responsible for the generation of
geomagnetic storms. Positive correlation with correlation
coefficient 0.39 was found between magnitude of geo-magnetic
storms and maximum (peak) value of interplanetary magnetic
field of associated JIMF events. A positive correlation with
correlation coefficient 0.35 was found between the magnitude of
geomagnetic storms and the magnitude of associated JIMF
events. From the previous results, it was concluded that coronal
mass ejections associated with X-ray solar flares and
disturbances in interplanetary magnetic fields are the measure
factors which are responsible for shock related geomagnetic
storms.

REFERENCES

1. Cane HV, Richardson I G, ST Cyr O C (2000). Coronal
Mass Ejections, ejecta and geomagnetic storms Geophys.
Res. Lett., 27(21): 3591-3594.

2. Cane HV, Richardson IG (2003). Interplanetary coronal
mass ejections in the near-Earth solar wind during
1996-2002. J. Geophys. Res., 108 (4): 1156.

3. Correiaa E, de Souzaa RV (2005). Identification of solar
sources of major geomagnetic storms. J. Atmos. Solar-
Terrestrial Phys., 67: 1702-1705.

4. Echer E, Alves MV, Gonzalez WD (2004).
Geoeffectiveness of interplanetary shocks during solar
minimum (1995-1996) and solar maximum (2000). Solar
Phys., 221(2): 361-380.

5. Gosling J T D J, McComas JL Phillips S, Bame J (1991).
Geomagnetic activity associated with earth passage of

EUROPEAN ACADEMIC RESEARCH - Vol. IV, Issue 4/ July 2016
3573



Preetam Singh Gour, Shiva Soni- Shock Related Geomagnetic Storms and Their
Relation with CMEs, X-Ray Solar Flares and IMF

10.

11.

12.

13.

14.

15.

interplanetary shock disturbances and coronal mass
ejections. J. Geophys. Res., 96: 7831-7839.

Gopalswamy N, Akiyama S, Yashiro S, Michalek G,
Lepping RP (2007). Consequences of Interplanetary
Magnetic Clouds Observed During Solar Cycle 23 J.
Atmos. Solar Terre. Phys., 70: 245.

Gopalswamy N Letter (2009). Halo coronal mass
ejections and geomagnetic storms Earth Planets Space,
61:1-3.

Gopalswamy N, Yashiro, S Akiyama S (2007).
Geoeffectiveness of halo coronal mass ejections. .
Geophys. Res., 112: A06112.

Howard RA, Michels DdJ, Sheeley NR Koomen MdJ
(1982). The observation of a coronal transient directed at
Earth. Astrophys. J., 263, LL101.

Mecallister AH, Crooker NU (1997). Coronal mass
ejections,  corotating  interaction  regions, and
geomagnetic storm. Geophys. Monograph, 99: 303.
Michalek G, Gopalswamy N, Lara A, Yashiro S (2005).
Properties and geoeffectiveness of halo coronal mass
ejections. Space Weather, 23(12): 2289-2294.

Landi R, Moreno G (1998). Coronal mass ejections,
flares, and geomagnetic storms. J. Geophys. Res., 103
(A20): 553, 20.

St Cyr OC, Howard RA, Sheeley NR (2000). Properties of
coronal mass ejections: SOHO LASCO observations from
January 1996 to June 1998. J. Geophys. Res., 105(18):
169-185.

Tsurutani BT (2001). The Interplanetary Causes of
Magnetic Storms, Substorms and Geomagnetic Quiet. I
A Daglis (ed.), Kluwer Academic Publishers, pp. 103-
130.

Tsurutani BT, Gonzalez WD, Tang F, Akasofu SI, Smith
EJ (1988). Smith Origin of Interplanetary Southward
Magnetic Fields Responsible for Major Magnetic Storms

EUROPEAN ACADEMIC RESEARCH - Vol. IV, Issue 4/ July 2016

3574



Preetam Singh Gour, Shiva Soni- Shock Related Geomagnetic Storms and Their
Relation with CMEs, X-Ray Solar Flares and IMF

16.

17.

18.

19.

20.

Near Solar Maximum (1978-1979). J. Geophys. Res., 93:
8519.

Webb DF, Cliver EW, Crooker NU, St. Cyr OC,
Thompson BJ (2000). Thompson Relationship of halo
coronal mass ejections, magnetic clouds, and magnetic
storms. J. Geophys. Res., 105: 7491.

Zhao X P, Webb DF (2003). Source regions and storm
effectiveness of frontside full halocoronal mass ejections.
J. Geophys. Res., 108, 1234.

Zhang J, Richardson IG, Webb D F, Gopalswamy N,
Huttunen E, Kasper J C, Nitta NV, Poomvises W,
Thompson BJ, Wu C-C, Yashiro S, Zhukov AN (2007 ).
Solar and interplanetary sources of major geomagnetic
storms (Dst _ -100 nT) during 1996-2005dJ. J. Geophys.
Res., 112(A10):102.

Howard RA, Bothmer V (2003). Identification of Solar
Sources of Major Geomagnetic Storms between 1996 and
2000. Astrophys. J., 582, 520.

Verma P.L. Moderately intense geomagnetic storms and
their relation with coronal mass ejections and
interplanetary magnetic field. International Journal of
the Physical Sciences Vol. 7(17), pp. 2629 - 2638, 23
April, 2012.

EUROPEAN ACADEMIC RESEARCH - Vol. IV, Issue 4/ July 2016

3575



