
Vol.:(0123456789)

SN Applied Sciences (2019) 1:453 | https://doi.org/10.1007/s42452-019-0474-8

Research Article

Analysis of cosmic ray, solar wind energies, components of Earth’s 
magnetic field, and ionospheric total electron content during solar 
superstorm of November 18–22, 2003

Binod Adhikari1,2  · Bidur Kaphle1 · Niraj Adhikari1 · Sanam Limbu1 · Aashish Sunar1 · Roshan Kumar Mishra1 · 
Sarala Adhikari3

© Springer Nature Switzerland AG 2019

Abstract
This paper studies the impacts of interplanetary coronal mass ejections (ICMEs) preceding storm (November 18–22, 
2003) on several space weather components. The comprehensive study of different parameters such as solar wind speed, 
density, plasma temperature, plasma pressure, auroral electrojet, SYM-H, energy transfer, components of Earth’s magnetic 
field, total electron content, and cosmic ray received by Earth during the ICME storm has been studied, which accounts 
for the more precise knowledge of the storm from different dimensions. The solar storm of November 2003 had SYM-H 
value of − 472 nT. During the main phase of the storm, the velocity of solar wind reached approximately to 500 km/s, and 
plasma pressure cumulated to around 20 nPa. The total energy dissipated during the storm in the magnetosphere has 
been converted in the form of ring current, joule heating, and auroral precipitation. The joule heating leads to modifica-
tion in thermospheric contents and traveling atmospheric contents that result in further modification of the density, 
composition, circulation, and dynamics of ionosphere–thermosphere system. This phenomena further result in the esca-
lation and slumping of TEC. We found out the decrease in rate of cosmic ray received by the Earth during the main phase 
of the storm, which lead to our conclusion that there exists inverse relation between strength of solar storm and amount 
of cosmic ray fluxes received by the Earth. In addition, the study made on the change in TEC and SYM-H during the event 
hinted us toward the possible changes in the space weather caused by the solar superstorm of November 18–22, 2003.
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1 Introduction

Coronal mass ejections (CMEs) are the activity of the solar 
corona in which a huge mass of plasma gets ejected. 
Plasma moves radially outward due to the combined 
effect of the radial outward motion of the plasma and the 
rotation of the sun. This also causes the magnetic lines to 
become spiral in shape. ICMEs contain a bunch of plasma, 
ions, electrons, and other solar particles  along with a 
large amount of energy [22]. The complex group of CMEs, 
sometimes with their leading shock waves, has been 

called ICMEs amid their helispherical propagation [31]. 
The north–south component of southward directed IMF-
Bz plays a major role in determining the amount of energy 
to be transferred to geo-magnetosphere. When IMF has 
a large magnitude (≥ 10 nT) and a large southward com-
ponent, the amount of transferred energy becomes large. 
The transferred energy gets low when the IMF is directed 
preliminary northward [16]. According to Tsurutani et al. 
[51], the extreme volume of southward directed IMF Bz are 
the primary causes of great magnetic storms rather than 
the solar wind. There are several forms for dissipation of 
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the energy in the magnetosphere; they are ring current 
(Ur), Joule heating (Uj), and Auroral precipitation (Ua) [4].

Ionosphere is the layer of the Earth’s atmosphere that 
is ionized by solar and cosmic radiation. It lies above 75 to 
1000 km above the Earth surface. The energy and ener-
getic particles deposited in the polar upper atmosphere 
are effectively increased and drive notable changes in 
the compositions, temperature, circulation, and electric 
fields during an ICME event. So noteworthy disturbances 
are induced in total electron content (TEC) [8, 14, 33, 36, 
38]. TEC is used to measure the ionospheric condition. 
As mentioned in Fagundes et al. [18], the strong positive 
ionospheric effect is observed during the main phase and 
the strong negative ionospheric effect is seen during the 
recovery phase. The ionospheric layers experience both 
increase and decrease in electron concentration relative 
to a background level and make up positive and negative 
phases, respectively [14]. One of the significant features of 
the positive phases is that sometimes they are observed 
even before the arrival of CMEs.

Moreover, the solar storms have huge impact on the 
rate of cosmic rays received by the Earth [5]. In addition, 
the ionization, which increases with geomagnetic latitude 
and decreasing solar activity [52], produced by the cosmic 
rays entering into the Earth’s atmosphere results in distur-
bances observed mainly in electrical conductivity, global 
electric circuit and has huge impact on space weather 
phenomena [42].

Here in this paper, we have studied and discussed the 
impacts of the halo CME of October 18 to 22, 2003, on 
Earth’s climate as a whole from ranging from solar wind to 
galactic cosmic rays. In this paper, Sect. 1 discusses intro-
duction, Sect. 2 contains dataset, Sect. 3 contains results 
and discussion, Sect. 4 is about conclusion.

2  Dataset

In this paper, we have studied the effects of the geomag-
netic storm of Nov 20, 2003, on cosmic ray, solar wind 
energies, components of Earth’s magnetic field, and iono-
spheric total electron content. The necessary data for solar 
wind parameters and sunspot study were taken from Omni 
Web Data Explorer. https ://omniw eb.gsfc.nasa.gov/form/
omni_min.html. The data for components of Earth’s mag-
netic field and galactic cosmic ray data were taken from 
http://www.inter magne t.org/ and http://neutr onm.barto 
l.udel.edu/~pyle/bri_table .html. The ionospheric total 
electron content was downloaded from ftp://cddis .gsfc.
nasa.gov/pub/gps/data. The data for solar wind energy 
(Usw), ring current (Ur), joule heating (Uj), and auroral 
precipitation (Ua) were calculated manually.

The list of cosmic ray stations and their coordinates are 
as follows: (Tables 1, 2).

3  Results and discussions

Section 3.1 discusses the impacts of halo CME of Novem-
ber 20, 2003, on solar wind parameters, IMF-Bz, and geo-
magnetic indices. Similarly, Sect. 3.2 discusses the sunspot 
cycle from 1996 to 2008. Section 3.3 discusses the solar 
wind energy (Usw), ring current (Ur), joule heating (Uj), 
and auroral precipitation (Ua); Section 3.4 observed the 
impacts of solar storm on components of Earth magnetic 
field; and Sects. 3.5 and 3.6 discuss the variation on total 
electron content and cosmic rays, respectively.

3.1  Solar wind parameters, IMF‑Bz 
and geomagnetic indices (AE and SYM‑H) 
during November 19–22, 2003

The solar superstorm that occurred on November 20, 2003, 
was the result of the CME [23]. Its magnetic cloud was 
found to have a high axial magnetic field (approx. 56 nT) 
and high inclination (~ 73.4°) to the ecliptic plane. Thus, it 
had a strong southward component, making it geoeffec-
tive [21]. The CME reached to strike the magnetosphere 
at around 8 a.m on the 20 November. In Fig. 1, we can 
see that the ICME had initial, main, and recovery phases. 
The lagging of SYM-H behind other parameter tells that 
the geomagnetic storm causes a disturbance in H com-
ponent after a certain period of time, not simultaneously 
[53]. In the figure, the SYM-H index has not recovered com-
pletely even until 22 November. IMF-Bz differs slightly from 
SYM-H due to its small rise before the endpoints of initial 

Table 1  The list of neutron monitor stations, their coordinates, and 
their cut-off rigidities

Stations Coordinates

South Pole, Antarctica 90 S
McMurdo, Antarctica 77.9S, 166.6E
Thule, Greenland 76.5N, 68.7W
Newark, Delaware 39.7N, 75.7W
Swarthmore, Pennsylvania 39.9N, 75.4W

Table 2  The list of 
magnetometer stations and 
their coordinates

Stations Coordinates

Boulder 40.02°N
Eyrewell 43.42°S
Scott base 77.85°S
Thule 77.47°N

https://omniweb.gsfc.nasa.gov/form/omni_min.html
https://omniweb.gsfc.nasa.gov/form/omni_min.html
http://www.intermagnet.org/
http://neutronm.bartol.udel.edu/%7epyle/bri_table.html
http://neutronm.bartol.udel.edu/%7epyle/bri_table.html
ftp://cddis.gsfc.nasa.gov/pub/gps/data
ftp://cddis.gsfc.nasa.gov/pub/gps/data
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and recovery phase. The variation of IMF-Bz differs from 
SYM-H because of its less dependence on other factors 
like axial orientation and speed of magnetic cloud [23]. The 
main purpose of AE (Auroral Electrojet) index is to meas-
ure the global auroral zone magnetic activity produced by 
enhanced ionospheric currents, and we know that the AE 
is the difference of amplitude upper (AU) and amplitude 
lower (AL) AE = AU − AL, where AU is the eastward electro-
jet current densities and AL is the westward electrojet cur-
rent densities [1–3]. The AE value of the storm was almost 
negligible before the storm time. After the storm on 20 
November, it reached to the maximum value of approxi-
mately 4000 nT at midday of 20 November and eventually 
recovered by the early morning of 21 November.

We can also see that in this storm the average value of 
solar wind was approximately 450 km/s before the initial 
phase of solar storm, and it later attained the maximum 
value of around 580 km/s at around 8 a.m. The solar wind 
speed reached a maximum of about 700 km/s before noon 
and then gradually returned to the normal value. Also, the 
plasma temperature (Tsw) showed a steep rise in the ini-
tial phase and attained the mean value in a short period 
of time. The temperature was constantly fluctuating but 
the fluctuation was relatively smaller. In the graph, we see 
the proton density fluctuates largely in comparison with 
the other parameters. The value of Nsw rose constantly 

from 08:00 UT on 20 November to reach the peak value of 
30 cm−3 at around 12:00 a.m. and maintained around the 
value till decreasing at 06:00 UT on 21 November. Here, 
we can observe the variation of flow pressure matching 
closely to the variation of proton density.

3.2  The 23 sunspot cycle (1996 to 2008)

The period between 1996 and 2008, during which the sun-
spot number (SSN) increases and then decreases gradu-
ally, is considered solar cycle 23. In Fig. 2, we can see that 
SSN increased from 1996 to 2000 and then decreased from 
2000 to 2001. In 2001, we can see a sharp rise in SSN. How-
ever, from that point, it decreases steadily until 2008. In 
February 2001, NASA reported the flipping of the Sun’s 

Fig. 1  Graph showing tem-
perature (Tsw), velocity (Vsw), 
density (Nsw), proton plasma 
pressure (Psw), IMF-Bz (nT), 
SYM-H (nT), and AE (nT) during 
the ICME storm of November 
19 to 22, 2003. Data down-
loaded from Omni Web Data 
Explorer, https ://omniw eb.gsfc.
nasa.gov/form/omni_min.html

Fig. 2  The sunspot number in solar cycle 23 (1996 to 2008). Data 
downloaded from Omni Web Data Explorer, https ://omniw eb.gsfc.
nasa.gov/form/omni_min.html

https://omniweb.gsfc.nasa.gov/form/omni_min.html
https://omniweb.gsfc.nasa.gov/form/omni_min.html
https://omniweb.gsfc.nasa.gov/form/omni_min.html
https://omniweb.gsfc.nasa.gov/form/omni_min.html
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magnetic field, marking the peak of solar cycle 23 [25]. As 
solar cycles are asymmetric with respect to their max-
ima [26]—the rise to maxima is quicker than the decline 
to minimal and the rise time is shorter for larger ampli-
tude cycle—solar cycle 23 had an increase in activity from 
1996 to 2001 and then decrease until 2008. And although 
solar cycle has larger geomagnetic storms in the ascend-
ing phase, more storms occur during the descending 
phase [24]. Gonzalez et al. [20] claimed that there are often 
two leading peaks in a solar cycle, one in the ascending 
phase and the other in the descending phase. The aver-
age separation of the peaks from solar maximum is about 
8 months for the first one and about 25 months for the 
second one [40]. In Fig. 2, the first peak is in 2000 and the 
second peak is in 2003. Siingh et al. [43] and Raizada et al. 
[39] concluded that the occurrence of intense geomag-
netic storms is strongly correlated with SSN, but no sig-
nificant correlation between the maximum and minimum 
phases of solar cycle and yearly occurrence of storms has 
been found. Solar cycle 23 experienced maximum number 
of geomagnetic storms in 2002, and the largest geomag-
netic storm on November 20, 2003 [40]. It was also seen 
that phases of halo CMEs and solar cycle are not exactly 
the same. However, yearly occurrences of halo CMEs were 
followed by that of geomagnetic storms, thus making Halo 
CMEs responsible for the occurrence rate of GMSs during 
the solar cycle 23. It is evident that the solar super storm 
of 2003 was not expected. On the basis of previous works, 
it was claiming that the occurrence of super storms do 
not follow any particular trend, but can occur anytime in 
a solar cycle.

3.3  Solar wind energy (Usw), Ring current (Ur), 
Joule heating (Uj), and Auroral precipitation 
(Ua)

Figure 3 discusses the variation on ring current (Ur), joule 
heating of magnetosphere (Uj), and auroral precipitation 
(Ua) observed during the solar superstorm of 18–Novem-
ber 22, 2003. In fact, the ring current injection (Ur), joule 
heating of the magnetosphere (Uj), and auroral precipita-
tion (Ua) are the major forms of dissipation of the energy in 
the magnetosphere [4, 15], so their study can give us infor-
mation regarding the energy variations observed during 
the solar condition. At around 08:00 UT on 20 November, 
we observe a huge increment in energy content of the 
ionosphere. During the period, the energy increases to 
1 × 1015 W and remains around the value till 08:00 UT of 21 
November. The ring current injection (Ur) value increases 
with the storm and reaches to approximately 1.75 × 1013 W 
and then continues fluctuating till 08:00 UT 21 November. 
The value of Uj starts fluctuating in the range of 1 × 1012 W 
to ambient value by the start of storm on 20 November to 
its end on 21 November. The value of Ua fluctuates slightly 
and remains in the range of ambient value to 2 × 1011 W 
during the storm period. Moreover, the ring current injec-
tion (Ur) has varied slightly over the period from 18 to 22 
November. Though the initial value around is 1 × 1015 W, 
the value of Ur rises gradually to 3 × 1011 W on midday 
of 20 November and gradually decreases to its normal 
position. In the graph, we can also see the energy at ring 
current (Ur) started to fluctuate since from 09:00 UT of 20 
November and continues to vary till around 07:00 UT of 

Fig. 3  Graph showing Dst (nT), AE, ring current (Ur) (W), joule heating (Uj) (W), and auroral precipitation (Ua) (W) of an ICME event November 
18–20, 2003. Data were calculated manually
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21 November. We get to study that the energy in the ring 
current reached a maximum of 1.5 × 1013 W during the first 
hour, but it couldn’t maintain the position for so long and 
follow back to ambient value. The way of increasing and 
decreasing continued until the storm came to ease on 21 
November (Figs. 4, 5, 6).    

The graph also showed that the Dst lags behind the 
actual time of interaction between solar wind with the 
Earth’s magnetic field. In our event, the recovery phase 
of ICME is gradual because Dst required almost one day 
to recover approximately 80% of its actual stage, whereas 
it had only taken a half day to reach its lowest point from 
the normal stage. The rate of decrement of Ur, Uj, Ua, and 
AE is also slow. Uj, Ua, and AE have also shown some slight 
increase before and after an ICME event, whereas Dst and 
ring current have fluctuated only in ICME event. This study 
tells us that the Dst and Ur are the more precise parame-
ters for the study of an ICME rather than Ua, Uj, and AE. We 
have also observed that the ring current (Ur), joule heat-
ing (Uj), and auroral precipitation (Ua) are in the range of 
 109–1012 W, whereas the total energy of wind has been in 
the range of 1 × 1015–1015 W. Mac-Mahon and Gonzalez 
[41] calculated that 1% to 4% of the energy available in 
the solar wind is transferred to the magnetosphere dur-
ing the main phase of the geomagnetic storms, and in 
the average, about 25% to 40% of transferred energy is 
injected into ring current. In our study, we calculated the 
total energy of ICME to be 1.3 × 1015 W, so ultimately its 

ring current should have been between 3.25 × 1012 and 
2.08 × 1013 W, but ring current calculated by us is only 
1.4083 × 1012 W which is very less than compared to Mac-
Mohan and Gonzalez’s study.

3.4  Effect on D, H, and Z components of Earth’s 
magnetic field

In this section, we analyze the variation of the solar storm 
of November 20, 2003, on D, Y, and Z component of Earth’s 
magnetic field based on four different latitude stations of 
Boulder, Eyrewell, Scott Base, and Thule. The fluctuation of 
D component at Boulder and Eyrewell is negligible during 
whole observation period. In Scott Base, the solar variation 
decreases to -200 nT during the initial phase and increases 
to approximately 150  nT during the main phase and 
remains there for approximately 6 h. In case of Thule, the 
variation is completely opposite to Scott Base where the 
D component starts to increase since around 10:00 UT and 
reaches to approximately 350 nT. Maintaining itself around 
the range of 350 nT to 400 nT till 21:00 UT, it decreases back 
to 0 nT. Here again, the value of D component decreases 
to − 200 nT at around 22:00 UT on 20 November. The H 
component shows similar variation in all four stations. In 
Z component, the variations in four stations vary greatly. 
Boulder and Thule maintain to approximately 0 nT during 
the storm while Scott Base and Eyrewell maintain com-
pletely opposite graph. Z component of Eyrewell increases 
to 400 nT at around 21:00 UT and returns back to equilib-
rium while the Z components of Scott Base decreases to 
− 400 nT at around 13:00 UT. On the basis of variation of 
magnetic components of Earth, we can even calculate the 
strength of solar storm. The magnetic field produced by 
the current of solar energetic particles (SEPs) is opposite to 
the Earth’s magnetic field and leads to a decrease in com-
ponents of Earth’s magnetic field. These SEPs are also the 
major component of the ring current system [12]. Thus, the 
decrease in the components of Earth’s magnetic field, D, H, 
and Z was actually the effect of magnetic filed produced 
by current of SEPs and the formation of ring current [13].

Fig. 4  Fluctuation of D component of Earth’s magnetic field (nT) 
during 18–22 November 2003 of Boulder, Eyrewell, Scott Base and 
Thule. Data downloaded from http://www.inter magne t.org/

Fig. 5  Fluctuation of H component of Earth’s magnetic field (nT) 
during 18–22 November 2003 of Boulder, Eyrewell, Scott Base and 
Thule. Data downloaded from http://www.inter magne t.org/

Fig. 6  Fluctuation of Z component of Earth’s magnetic field (nT) 
during 18–22 November 2003 of Boulder, Eyrewell, Scott Base and 
Thule. Data downloaded from http://www.inter magne t.org/

http://www.intermagnet.org/
http://www.intermagnet.org/
http://www.intermagnet.org/
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Solar storm creates the magnetic disturbance in various 
components of the Earth magnetic field. The amount of 
variation in the Earth’s component of the magnetic field 
varies on the basis of the strength of storm. We noticed 
similar variation in all components of Earth’s magnetic 
field during the solar super storm of 2003. Ring current 
is a toroidal shaped current that flows westward around 
the Earth at the distance 4 to 9 RE which is formed by the 
movement of energetic particle to the inner side of the 
Earth’s magnetosphere. [13]. The publications of Chap-
man and Ferraro in the early 1930s suggested a transient 
stream of outflowing solar ions and electrons responsi-
ble for terrestrial magnetic storms; once the solar stream 
had reached the Earth, charged particles would leak into 
the magnetosphere and drift around the Earth and create 
a current whose field would oppose the main geomag-
netic field [10, 11]. The only thing that has changed in this 
theory is transient stream changing to solar wind [35]. 
The magnetic field produced by this current is opposite 
to the Earth’s magnetic field and so an earthly observer 
would observe a decrease in magnetic field in this area. 
Ions in the range 10–200 keV are responsible for majority 
of the ring current energy content [12]. The components of 
Earth’s magnetic field, D, H, and Z as a result of ring current 
decrease by a considerable amount during the solar storm. 
Here the variation in D component, H component, and Z 
component of Earth’s magnetic field during the lower end 
of 20 November marks the beginning of solar storm, and 
it continues till the end of storm.

3.5  A variation on total electron content

During the geomagnetic storm, in the upper atmosphere 
at higher altitude, the exalted amount of energy and 
the momentum gets heated due to Joule heating and 
fattens bestowing equatorward surges modification in 
thermospheric contents and traveling atmospheric dis-
turbances [34, 37]. This results in the modification of the 
density, composition, circulation, and dynamics of iono-
sphere–thermosphere system, which is the root of esca-
lating and slumping in total electron content(TEC) and 
electron plasma densities termed as positive and nega-
tive [33, 36]. The major component for the evolution of the 
positive ionospheric storm phase is prompt penetration 
electric fields, whereas the negative ionospheric storm 
phase emerges in the midlatitude region due to the over-
all effects of the equatorward shift of midlatitude density 
trough, the disturbance dynamo electric fields and com-
pression of plasmapause in equatorial region along with 
the changes in chemical configuration [34]. During recov-
ery phase, the vigorous negative ionospheric storm phase 
is perceived in both TEC and ionosonde observations indi-
cating a robust hemispherical asymmetry [34]. Due to this 

reason, the total electron content is also regarded as the 
potent technique to study ionospheric storm. In fact, total 
electron content (TEC) is imperative factor of the iono-
sphere, which provides the idea regarding the navigation 
and the satellite-based communication.

In this work, we studied the variation of TEC from four 
stations Braz, Coco, Guug, and Glps to see the effect of 
the ICME on TEC on the basis of the local time of stations’ 
locations. We observed the TEC graph separately by con-
verting its time format into local time which was initially in 
Universal Time (UT), where Coco’s local time (LT) = UT + 8 h, 
Guug LT = UT − 10 h, Braz LT = UT − 3 h, and Glps LT = UT 
− 6 h. By our observation of TEC on the local time of sta-
tions, we found that TEC graph was first disturbed in Guug 
(1:00 a.m.) on November 21. Then, it was subsequently fol-
lowed by Braz and Coco. But Glps did not show any sub-
stantial change in its TEC, except a sudden increment dur-
ing its decreasing time for a very short period. In addition, 
the TEC disturbance by the ICME in Guug and Braz lasted 
only for a period of 24 h, and they returned to their initial 
state afterward, but it continued for a long time in case of 
Coco. In addition, the TEC in Glps increased beyond the 
level of 100 toward the end of the ICME, which was the 
only instance among the four stations during the ICME. 
This indicates that the ICME from November 18 to 22, 
2003, was followed by strong geomagnetic storms along 
with the support of long depression in TEC graph of Coco 
at the end of the ICME. The results show that the TEC from 
various stations of different latitudes have their own pat-
tern as per the time of the day, which supports Mendillo 
and Klobuchar [32] approach of creating average TEC pat-
terns as a function of latitude and local time that describe 
each day after the solar storm, significantly limiting their 
capacity to resolve the storm time evolution of features to 
once per 24 h. Immel and Mannucci [28] suspected that, 
on average, more significant storm occurs near the time of 
the afternoon/cusp TEC peak (18 to 24 UT), and this work 
clearly relates to TEC being in its maxima phase from 18 to 
24 UT at Braz, Gipps, and Guug, but not at Coco. We also 
observed that the increment and decrement of TEC exhib-
its wave like feature which was also studied by Fagundes 
et al. [18].

3.6  Effect on galactic cosmic rays (GCR)

Cosmic rays entering into the Earth’s atmosphere pro-
duce ionization which increases with the increasing geo-
magnetic latitude and decreasing solar activity [52]. This 
change in ionization often results in disturbance in elec-
trical conductivity, global electric circuit, nucleation rates 
in cloud lightning discharges, space weather phenomena, 
etc. [5, 42–47, 49, 50]. This causes us to study the effect 
of cosmic ray in an urgent manner. We have studied the 
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data from four stations, which are McMurdo, Swarthmore, 
Thule, and South Pole. The geomagnetic cutoff rigidity of 
McMurdo, South Pole, and Thule station is close to zero, 
whereas the cutoff of Swarthmore is 1.92 GV.

The galactic cosmic ray received by McMurdo was 
slightly inconsistent at the start of 20 November, but it 
steeply rose by approximately 3.5% at around 09:00 UT. 
For Swarthmore, the amount of variation is a bit low 
and also the rate of change looks somewhat different 
which can be observed in Fig. 7. South Pole has the same 
nature of increasing on 20 November to decreasing con-
tinuously as of McMurdo. But Thule is of different nature 
than that of McMurdo and South Pole but resembles to 
that of Swarthmore. The rate of cosmic ray received by 
Swarthmore station is often increasing irrespective to 
other stations. It is constantly rising from 18 to 20 Novem-
ber till it starts decreasing. However, the rate of decrease is 
very less in comparison with as observed in other stations 
and the cosmic ray receiving rate is sometimes increas-
ing also. Coronal mass ejections (CMEs) create very huge 
disturbances in the solar wind which mostly reaches the 
near-Earth space inside the generally high-speed plasma 
streams [48]. According to Kudela, [29] the magnetic field 

of the sun and Earth has a significant role in regulating the 
arrival of GCRs to the atmosphere. Forbush [19] and Hess 
and Demmelmair [27] were the first persons to notice the 
short-term depressions in GCRs, and hence, they termed 
it as “Forbush decreases” (FD). It was later noticed that the 
larger and faster CMEs [6, 7], CMEs with larger apparent 
width [6, 30] and CMEs with greater mass [6] had larger 
FD. Similarly Dumbovic et al. [17] grouped FD magnitudes 
[FD] into four different levels of GCR effectiveness: He 
categorized with FD < 1% as not GCR effective, whereas 
between 1 and 3% as moderately GCR effective, between 
3 and 6% as strongly GCR effective, and those above 6% as 
intensively GCR effective. The cosmic ray received by the 
Earth during halo CME of 18 to 20 November is less than 
receiving rate in normal time. Hence we can conclude that 
the FD was strongly GCR effective. For more, GCRs play 
very important role in the ionization of environment [2, 
3, 9] and have several other impacts in our surrounding. 
Since the cosmic rays received by the Earth decreased dur-
ing 18 to 22 November, we can infer that the surrounding 
was less impacted by the cosmic rays during that period 
(Fig. 8).

Fig. 7  TEC Variations (electrons/m2) in four stations 1. Braz 2. Coco 3. Gips 4. Guug during an ICME event November 18–22, 2003. Data 
downloaded from ftp://cddis .gsfc.nasa.gov/pub/gps/data

ftp://cddis.gsfc.nasa.gov/pub/gps/data
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4  Conclusion

The ICME event from November 18 to 22, 2003, is the larg-
est geomagnetic storm of solar cycle 23 with a Dst index 
of − 472 nT. It immensely affected the ionosphere, magne-
tosphere, and cosmic rays received by the Earth, which is 
also seen during our study.

Moreover, the following points are the main conclusion 
that came from our study of the event:

1. When the CME of 18 November resulted in a solar 
storm of 20 November, the SYM-H decreased by 
approximately 500 nT, AE increased by around 4000 nT, 
and Bz was recorded at a minimum of around 55 nT. 
The solar wind pressure fluctuated between 2  Pa, 
18 Pa, and density varied in the range of 30–5 kg/m3 
in the same pattern.

2. On the basis of our analysis of solar cycle 23 (1996–
2008), we concluded that solar super storm can occur 
anytime in solar cycle. Its occurrence is independent 
of the phase of solar cycle and has possibility of occur-
rence anytime in solar maxima or in solar minima.

3. It is found that the total amount of energy in the form 
of ring current in our study is less than that of as stud-
ied by Gonzalez and Mac-Mohan in 1997.

4. The variation on TEC in all four stations was mainly 
due to the difference in latitude and the local time. 
However, one striking similarity of the wave nature in 
increment and decrement of TEC was observed in all 
the stations.

5. In all neutron monitor stations analyzed here, the rate 
of cosmic ray received decreases by approximately 3% 
during the ICME. From this analysis, it can be inferred 
that there exist inverse relation between the strength 

of solar storm and the amount of cosmic ray received 
by the Earth.

Thus, we can say that the study of the storm of this sort 
help us to better understand he conditions of different 
geomagnetic parameters during disturbed period. Moreo-
ver, we can also predict their affects in the space weather 
by analyzing the energetic particle precipitation, cosmic 
ray received by Earth during the storm period.
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