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AAbstract: In this study the interplanetary magnetic clouds and their interaction with the Earth’s magne-
tosphere is presented. The magnetic clouds identified during the period 1995 – 2008 are analyzed by di-
viding them in to two categories i.e. negative clouds and positive clouds. Then the superposed epoch 
analysis is applied to observe their association with various interplanetary and geomagnetic parameters. 
Dst index is taken as an indicator of geomagnetic activities. The magnetic field intensity, proton density, 
and proton temperature are enhanced ahead of magnetic clouds, which are preceded by a shock, while the 
large fluctuations in Bz component of interplanetary magnetic field are found during the period of mag-
netic clouds. It is investigated that the negative magnetic clouds are generally, responsible for producing 
significant decrease in Dst index after just emergence of magnetic clouds, while the positive clouds pro-
duce decrease after 24 to 48 hours of onset time giving clear evidence of enhanced geomagnetic activities. 
The magnitude of the change in the Dst index, for the case when southward fields arrive first is compara-
ble to that for the case when northward fields arrive first, and the phase is such that geomagnetic activity 
is associated with southward fields, substantiating earlier findings.
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1 Introduction 

A geomagnetic storm is a global disturbance in Earth's 
magnetic field usuallycharacterized by a main phase 
during which the horizol1tal component of the Earth 's 
(low latitude) magnetic fields1are significantly depressed 
over a time span of one to a few hours followed by a 
recovery phase that may extend over several days (Ros-
tokar, 1997). These magnetic storms generally occur due 
to abnormal conditions in the interplanetary magnetic 
field (IMF) and solar wind plasma emissions caused by 
various solar phenomenon. The study of these worldwide 
disturbances of Earth's magnetic field are important in 

understanding the dynamics of solar -terrestrial envi-
ronment and furthermore, because such storms can cause 
life threatening power outrages, satellite damage, com-
munication failure and navigational "problems (Feldstein, 
1992;Kamide, 1998; Lskhina, 2004). It is well studied 
that a southward turning of the interplanetary magnetic 
field (IMF) plays an important role in triggering the main 
phase of geomagnetic storms. However, it is not only a 

key factor in initiation process of main phase of storm 
but moreover it determines the
Strength of a storm also. Various studies have been suc-
cessfully reported that particularly for intense geomag-
netic storms, the presence of southward inter-planetary 
magnetic field is necessary (Burlaga et al., 1987; Lep-
ping, Jones and Burlaga, 1990; Tsurutani and Gonzalez, 
1999;Kaushik and Shrivastava, 2000). This permits effi-
cient energy transfer from the solar wind in to the Earth's 
magnetosphere through the magnetically reconnection 
process (Dungey, 1961; Zhang et al., 2003). 

Interplanetary (IP) disturbances with a shock wave at 1 
AU, generally, have distinct plasma and field signatures 
by which they can be easily distinguished from the ordi-
nary solar wind (Fenimore, 1980). These transient distur-
bances represent a wide range of IP phenomena in the 
heliosphere. Few of them are coronal ejecta driving the 
shock waves, helium abundance enhancements, anoma-
lously low proton and electron temperatures, anomalous 
ionization states, high magnetic field strength with low 
field variance, magnetic clouds (MC's), low energy pro-
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ton bidirectional anisotropies and regions with bidirec-
tional solar wind electron heat flux (BEHF) (Bame et
al., 1981; Bothmer and Schwenn, 1998).
Some of the investigators have also shown that magnetic 
cloud events (MCE's) present a descriptive image of a 
coronal mass ejection (CME) causing interplanetary 
disturbances. The cloud carries an intrinsic field, often 
with the characteristics of a flux rope (Klien and Burlaga, 
1982; Burlaga,1995). The aim of this study is to investi-
gate the effects of these transient variations associated 
with or without coronal hole (CH), on cosmic ray intensi-
ty during the intense storms and super storms period.

2 Selection of events and Data

According to the recent literature available so far it is not 
simple to define what exactly constitutes a magnetic 
storm. However, for the present study the defining prop-
erties taken by Loewe and Prolss (1997) is used, accord-
ing to which it is sufficient to identify a magnetic 
starom by assuming one of its defining properties ie. 
the creation of an enhanced ring current leading
to a significant depression in Dst index. Further accord-
ing to this selection this depression must have a reasona-
ble well defined onset, minimum and a recovery phase. 
This implies that the isolation depressions are of chief 
interest, although for intense and super storms ie. for 
large perturbations more complex variations are consi-
dered (Loewe and Prolss, 1997). This choice of Dst index 
as an indicator of geomagnetic activities is obvious as the 
long – duration magnetospheric activity ie. Defined on a 
scale of many hours, traditionally has been measured by 
Dst (e. g. see studiesof the relationship of solar wind 
input to the magnetosphere vs. Dst (Burton, Mc Pherron 
and Russell, 1975; Lepping et al., 1995; Klimas, Vassi-
liadis and Baker, 1998). This becomes more important 
when the major events like geomagnetic storms.are ana-
lyzed as because of the well established effect given by 
Feldstein (1992) that long - duration solar wind input (for 
southward IMF) has an increasing westward moving ring 
current in the outer radiation belt, which is primarily 
responsible for changes in Dst index. 

A list of magnetic storms, based on the Dst indices pro-
vided by the World Data Center for Geomagnetism, Kyo-
to, Japan (http://swdcdb.kugi.kyotou.ac.jp/dstdir/) is 
being compiled for this study for the period 1995 - 2008.
As the study period refers to the interval of solar cycle 23, 
for which a full and continuous set of solar wind plasma 
and interplanetary magnetic field data are available 
through the various satellites. Like speed, V, particle 
density, Np, proton temperature, Tp and magnetic field, 
B. For cosmic rays the daily mean temperature and pres-
sure corrected values recorded by super neutron monitor 
at Calgary (lat. 51.05° N, long. 114.08°W, cut off rigidity 
1.09 GV) have been taken. We have applied the super-
posed epoch method to find the short - term effects. For 
the CME's data set from LASCO and EIT observation is 
utilized, alongwith the Omni Web Data Results 
(http://nssdc.gsfc.nasa/ominiweb/)(Couzens and King, 

1986, Lepping et 801.1995j King, 1997, King and Papi-
tashvili, 1998).

3 Discussion

Following the selection criteria a list of candidate events 
is prepared and an attempt is made to analyze the possi-
ble solar and interplanetary drivers of these highly geo
effective events. The results of the first part of the study 
aim is to analyze the solar and interplanetary features 
present during the selected candidate events i.e. during 
the period of intense storms with maximum Dst decrease 
0 to -300 nT . The results of first kind of events with Dst 
�0 to -300 nT are depicted in figure 1. From the observa-
tions it is evident that the Bz component of the interpla-
netary magnetic field (IMF) indicates a transient varia-
tion profile reaching the maximum value -24 nT, it is in 
the similar way as the maximum decrease of -298 nT is 
represented by the Dst index. At the same time the inter-
planetary magnetic field B also approaches to its peak 
value, i.e.32 nT and the bulk speed as well as the ion 
density are also enhanced. 

Figure 1. It depicts the solar and interplanetary Parameter 
corresponding to intense geomagnetic events with Dst �
0 to -300 nT. The geomagnetic Dst and other features are 

plotted on day by day basis.

From figure 1, it is found that the IMF Bz component 
changes its direction in less than ~ 24 hours time and 
the bulk velocity reaching' the values ~ 900 km/s. This 
enhancement in the bulk velocity is achieved in less than 
~ 18 hours after the onset of  the event. However, in 
the first case bulk velocity attains its peak value ~ 800 
km/s and remains higher even after the ~ 24 hours of the 
onset of the events. Bz component of the interplanetary 
magnetic field (IMF) for the of events (Dst � 0 to - 300 
nT) took much prolonged time in changing its direction / 
polarity. where sharp polarity change is evident. The ion 
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temperature in both the categories of events show de-
crease pattern immediately after the onset of the events. 
However, it attains it's peak values just before the onset. 
This is obvious as maximum of the events in either the 
categories of storms are found associated with CMEs. 
These CMEs being the large CMEs scale - structures, 
becomes highly geoeffective as they travels towards the
Earth. Gopalswami et .al. (2000) have reported that the 
CME's transit time from the Sun to the near Earth space 
falls jn between 1 and 5 days and coarsely depends on 
the CME's initial speed. As the present analysis mainly 
concentrates on the MCE's, which are observed to be 
associated to be associated with these events. The MCE's 
being the manifestation of these CME’s as reported by 
the investigators play a key role in the initiation of geo-
magnetic storms (Burlaga, 1995; Kamide, 1998).

In the ejecta, magnetic field varies very slowly and the 
magnetic field .strength increases. At the same time 
plasma proton's temperature and the thermal pressure 
decrease, while the solar wind speed also decreases as 
the ejecta passes through the interplanetary medium. In 
some cases the ejecta also present smooth rotation of 
magnetic field vector, resulting in to the interaction of 
this compressed plasma high speed flow with preceding 
slow solar wind. As a consequence the proton tempera-
ture, magnetic field strength increases while the solar 
wind speed rises.(Yokoyama, 1997; Shrivastava and 
Jaiswal, 2003). It is seen in the results presented here in 
both kind of events, that after the occurrence of the 
events the bulk solar wind speed increases. These com-
pressed streams further produce modulation effects in the 
cosmic ray particles too. Shrivastava et al., (2003) have 
argued that two possible reference sources are responsi-
ble for the decrease from high -speed solar wind plasma
streams observed in ecliptic plane. One kind of which is 
associated with the ejection of solar flares in solar active 
region while another depends up on the coronal holes.

An ejection of large quantities of fast moving ( 50 to 
1800 km/s) solar plasma in to interplanetary space occur 
sporadically and approximately 1%to 10% of all solar 
wind plasma measurements were made in CME's during
solar minimum and maximum respectively (Gruntman 
1999). During solar maximum time about 70 CME's are 
intercepted by Earth annually while only less than 10 
CME's are during solar minimum. Furthermore, only a 
fraction of these intercepted CME's lead to intense geo-
magnetic storms. The study period being spread over 
solar cycles 23, it is observed in either the category that 
MCE's regardless of their polarity initiate the  maximum 
number of the storms during the solar maximum phase 
however,those associated with coronal hole are found 
more dominating during the solar minimum phase. This 
substantiates the earlier results (Burlaga, 1987 and 1995; 
Feldstein, 1992; Li Yan and Luman, 2004; Kaushik, 
2005).

The second part of the analysis mainly concentrates on 
the contribution of coronal hole. It is taken in to consid-
eration to analyze the maximum and minimum phase of 

solar cycles distinctly, as it is a well known fact that solar
wind velocity plays an important role to produce short-
term as well as long term modulation of cosmic rays. To 
analyze the second part of the analysis whether the terre-
strial effects are primarily the results of high - speed solar 
wind associated with coronal hole (CH) or they are the 
consequences of the interaction between differing solar 
wind flow, These coronal hole are taken to observe their 
effects on interplanetary medium in relation with inter-
planetary disturbances. As we know that coronal hole are 
the regions on the outer surface of the Sun, which propa-
gate high speed solar wind stream in to interplanetary 
medium. MCE's have been divided in to two categories -
one which is associated with the coronal hole and the 
other which is not associated with coronal hole and then 
their influences have been explicitly analyzed.

Figure 2 depicts the results of chree analysis for MCEs
with solar wind components and cosmic rays. The left 
panel of figure 2 shows the CH – non associated events, 
while its right panel represents CH- associated events.  
Both kind of disturbances produce decrease in cosmic 
rays, although CH -associated magnetic cloud events are 
found more effective comparing to other events. The 
propagation of these CH- associated streams into the 
interplanetary medium significantly produces modulation 
in high - energy particles as well as in magnetic field 
(Fainshtein and Kaigorodov, 1996). This produces the 
intense geomagnetic storms and modulation effects in the 
cosmic ray particles reaching to Earth.

Figure 2. It depict the solar wind plasma components and 
cosmic ray intensity for magnetic cloud event (MCEs). 

Left and right panels show CH-NON associated and CH-
associated events respectively.

A magnetic cloud (MC) is defined as a region of high 
magnetic – field strength, low proton temperature, low 
proton ��� ���� 	
�����- changing (rotating) magnetic 
field. During the study period identified the rotating 
magnetic field e.g. southward component of IMF have 
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both positive and negative value which shown in below 
figure. The magnetic clouds identified during the period 
1995-2008 are analyzed by dividing them in to two cate-
gories i.e. negative clouds and positive clouds.

In Figure 3 shows the relationship between Dst and vari-
ous solar wind plasma parameter (magnetic cloud events) 
which produce geomagnetic storm.

Figure 3. It depicts the correlation between Dst and solar 
wind plasma parameter like magnetic field B and south-

ward component Bz and plasma temperature.

Figere 3 shows Dst and corresponding value of interlane-
tary magnetic field B, southward component Bz and solar 
wind plasma tempreture Tp. During the intense strom the 
range of total magnetic field lie -20 to 40 nT. It shown in 
figure during the magnetic cloud event the value of Bz 
have negative as well as positive. At last regression line 
shown in temperature plot, at low temperature Dst values 
are high.

4 Conclusions

The magnetic clouds identified during the period 1995-
2008 are analyzed by dividing them in to two categories 
i.e. negative clouds and positive clouds. The magnetic 
field intensity, proton density and proton temperature are 
enhanced ahead of magnetic clouds, which are preceded 
by a shock, while the large fluctuation in Bz component 
of interplanetary magnetic field are found during the 
period of magnetic clouds. It is investigated that the 
negative magnetic clouds are generally, responsible for 
producing significant decrease in Dst index after just 
emergence of magnetic clouds, while the positive clouds 
produce decrease after 24 to 48 hours of onset time giv-
ing clear evidence of enhanced geomagnetic activities.
Most of the events are associated with transient decreases 
in cosmic ray intensity.

References
[1] Akasofu S.I., 1970, Ann. Geophysics 26, 443
[2] Badruddin, Yadev R.S. and Yadev N.R., 1986, Solar 
Phys. 105, 413
[3] Barna S. J., AsbridgeJ. R.. Feldman W. C.. GoslingJ. 
T. and ZwickR. D.: 1981,Geoph1ls. Res. Lett. 8, 173.
[4] Baroueh E. and Burlaga L. F.: 1975, J. Geoph1ls.Res.
80, 449.
[5] Bothmer V., SchwennR.: 1998, Ann. Geoph1ls.16,01.
[6] Burlaga L. F., Behannon K.W. and Klein L. W.: 
1987,J. Geoph1ls.Res. 92, 5725.
[7] Burlaga L. F.: 1995. Interplanetary Magne-
toh1ldrodynamics, Oxford University Press.
[8] Bourton R. K., MePherron R. L. and Russell C. T.: 
1975, J. Geophys. Res. 80,4204.
[9] Cane H. V. and Reehardson I. G.: 1995, J. Geo-
phys.Res. 100. 1755.
[10] COUZens D. A..and King J. H.: 1986,Interplanetary 
MediumData Book. NSSDC,WDC-A,Greenbelt. Mary-
land. Suppl.3.
[11] Dungey J. R.: 1961,Pl&1IsR.ev. Lett. 6, 47.
[12] Fanishtein V. G. and Kaigorodov A. P.: 1996, Planet 
Sp. Se. 44, 387.
[13] Fenimore E.E.: 1980, Ap. J. 235, 245.
[14] GopalswamiN., Lara A., Lepping R. P., Kaiser M.   
        L., BerdichevskyD. and St. Cyr O. C.: 2000, Geo
        phys. Res. Lett. 27, 145.
[15] GoslingJ. T., Baker D. N., Bame S. J., Feldman W.
C and Zwic\eR. D.: 1987,J. Geophys.Res. 92, 8519.

Vol. 11, 411


