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Abstract. The aim of this paper is to investigate the association of the geomagnetic storms with the magnitude
of interplanetary magnetic field IMF (B), solar wind speed (V ), product of IMF and wind speed (V · B), Ap
index and solar wind plasma density (np) for solar cycles 23 and 24. A Chree analysis by the superposed epoch
method has been done for the study. The results of the present analysis showed that V · B is more geoeffective
when compared to V or B alone. Further the high and equal anti-correlation coefficient is found between Dst
and Ap index (−0.7) for both the solar cycles. We have also discussed the relationship between solar wind
plasma density (np) and Dst and found that both these parameters are weakly correlated with each other. We
have found that the occurrence of geomagnetic storms happens on the same day when IMF, V , Ap and V · B
reach their maximum value while 1 day time lag is noticed in case of solar wind plasma density with few
exceptions. The study of geomagnetic storms with various solar-interplanetary parameters is useful for the
study of space weather phenomenon.
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1. Introduction

A geomagnetic storm is a disturbance of the Earth’s
magnetic field (Akasofu & Chapman 1963) that arises
due to the perturbations in the interplanetary magnetic
field (IMF) and the solar wind. These perturbations
are responsible for the sudden commencement in geo-
magnetic activities. A variety of geomagnetic storms
and their manifestations have been discussed by many
authors (Tsurutani et al. 1988; Oh & Yi 2004; Kane
2014; Singh & Mishra 2015). Gonzalez et al. (1994) and
Bakare & Chukwuma (2010) explained that the geo-
magnetic storms play extensive role in space weather
scenario by transfer of enhanced energy from the
solar wind/IMF to the magnetosphere which results
in the increment of charged particles in ring current.
Murayama (1982) and Gosling (1993) observed that
perturbations in the IMF play a key role in producing
geomagnetic storms (GS) and suggested that southward
oriented interplanetary magnetic field (IMF) is more
geoeffective as compared to the north one. The occur-
rence of GS depends on various solar interplanetary
parameters such as solar wind, magnetic clouds, coronal

mass ejections (CMEs) etc., so we cannot state that any
single parameter alone is responsible for the occurrence
of geomagnetic storms.

Solar wind can be described as the flow of charge
particles originating from the upper atmosphere of the
Sun. The solar wind generally alter its speed, density
and temperature with time and longitude. Because of
coronal heating, the solar wind particles attain escape
velocity and it expands away from the Sun and when
these solar winds with their high speed enter the inter-
planetary medium they can also disturb the Earth’s
magnetic field (Cane & Richardson 1995; Loewe &
Prolss 1997). Kane (2005) and Sabbah (2001) estab-
lished a relationship between V and Dst for the period
1965–2003. They also found that geomagnetic storms
mainly occur when the IMF interacting with the Earth
has a strong southward Bz component. Furthermore,
their studies showed that the product of interplanetary
magnetic field and wind speed is more compelling to
the geomagnetic storms than the other interplanetary
parameters.

Crooker et al. (1977) additionally showed that the
association between geomagnetic indices with the
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Figure 1. (a) The result of Chree analysis from − 6 days to + 6 days with respect to zero epoch day (occurrence day of
GS). The variation of mean values of magnitude of IMF vector (nT), Dst (nT) and Ap index (nT) is plotted to depict the
observational trend of two parameters for the respective years on a day-to-day basis for solar cycle 24. (b) The result of Chree
analysis from − 6 days to + 6 days with respect to zero epoch day (occurrence day of GS). The variation of mean values of
magnitude of IMF vector (nT), Dst (nT) and Ap index (nT) is plotted to depict the observational trend of two parameters for
the respective years on a day-to-day basis for solar cycle 23.
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(b)

Figure 1. Continued.
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product V ·B is very high and striking. The relationship
between geomagnetic activities with respect to Dst are
also discussed in detail by Jurac & Richardson (2001),
Rathore et al. (2014) and Dan et al. (2014). Bieber et al.
(1993) reported the existence of a linear relationship
between B and Ap index for solar cycles 21 and 22.

2. Data analysis and method

A Chree analysis technique by the superposed epoch
method has been used for the present study with the
occurrence day of geomagnetic storms (criteria Dst
≤−50 nT) as zero day. The daily mean values of
the Dst index, IMF, Ap index, solar wind speed and
plasma density are taken from the omniweb data center
(omniweb.gsfc.nasa.gov/form/dx1.html) for the stud-
ied period of the solar cycle 23 (1996–2006) and the
solar cycle 24 (2009–2017). We have also calculated the
correlation coefficient between these parameters (Dst
index, Ap index, IMF(B), solar wind speed (V ), V · B,
plasma density). We used unbinned data for our study
with a time resolution of one day. Now, by taking Dst
≤ − 50 nT as zero day,we have considered the six val-
ues above it as −1,−2,−3,−4,−5,−6 days and six
values below it as +1,+2,+3,+4,+5,+6 days. Fur-
ther, all the daily observations have been averaged and
a graph has been plotted to depict the observational
trend of two parameters for the respective years on a
day-to-day basis. We have also calculated the average
correlation coefficient for the respective years between
various solar and interplanetary parameters with the
help of cross correlation analysis.

3. Results and discussion

3.1 IMF, Dst index and Ap index

The interplanetary magnetic field is a part of the Sun’s
magnetic field that is carried into interplanetary space
by the solar wind. Figures 1(a), (b) are focused on com-
paring Dst with IMF and Ap index. We have compared
the profiles of Dst, IMF and Ap index for both the solar
cycles 23 and 24 and inferred that these parameters
are highly anti correlated with each other for both the
solar cycles. We found that the strongest increment in
IMF and Ap index occurs on the same day when Dst
achieves its minima without any time lag while a finite
time lag of 3 h was noticed by Saba & Gonzalez (1997).
The difference in the time resolution could be the pos-
sible explanation for this kind of discrepancy, and in

Table 1. The correlation coefficients of various parameters.

Parameters Solar cycle − 23 Solar cycle − 24

Dst and IMF − 0.7 − 0.6
Dst and Ap index − 0.7 − 0.7
Dst and solar wind

speed (V ) −0.7 −0.6
Dst and plasma

density 0.05 0.03
Dst and V B − 0.8 − 0.7

addition to this, the existence of time lag can give us an
idea of the mechanism operating in the energy transfer.
Even the peaks of Ap index are found to be more sharp
when compared to IMF crests on zero day (0 day). Fur-
ther the correlation coefficient of Dst with Ap index for
solar cycle 23 (− 0.7) and solar cycle 24 (− 0.7) is found
to be the same and is high, which clearly exhibits that
Ap index is a geoeffective parameter. On comparing the
correlation coefficient of Dst and IMF, we have found
that solar cycle 23 (− 0.7) possesses high correlation
coefficient when compared to solar cycle 24 (− 0.6).
Our results are in good agreement with the findings of
Tiwari et al. (2011) and Rathore et al. (2014) that IMF
is a geoeffective parameter. We have also calculated the
correlation coefficient of Dst vs. solar wind speed for
both the solar cycles and found that this correlation is
weak in case of solar cycle 23 (− 0.7) as compared to
solar cycle 24 (− 0.6) (Table 1).

3.2 Dst index and V · B

After investigating the connection of Dst with V and B
independently we have examined in Fig. 2(a), (b) how
Dst index varies with the product of IMF and solar wind
speed (V ·B). We came to an interesting conclusion that
for both the solar cycles, Dst is highly anti correlated
with V ·B when contrasted with V or B alone. The anal-
ysis of Fig. 2(a), (b) clearly demonstrates the inverse
alliance between Dst and V · B which indicates that the
strongest increment in V · B happens on the occurrence
day of GS (i.e. on 0 day). The average correlation coef-
ficient between these two parameters is observed to be
high for the solar cycle 23 (− 0.8) as compared to solar
cycle 24 (− 0.7). This kind of high anti correlation coef-
ficient favors the prior findings of Wang et al. (2003)
and Dwivedi et al. (2009) that V ·B is the more effective
parameter for generating GS in comparison to V or B
alone.
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Figure 2. (a) The result of Chree analysis from − 6 days to + 6 days with respect to zero epoch day (occurrence day of GS).
The variation of mean values of Dst and V · B is plotted to depict the observational trend of two parameters for the respective
years on a day-to-day basis for solar cycle 24. (b) The result of Chree analysis from − 6 days to + 6 days with respect to zero
epoch day (occurrence day of GS). The variation of mean values of Dst and V · B is plotted to depict the observational trend
of two parameters for the respective years on a day-to-day basis for solar cycle 23.
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Figure 2. Continued.
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(a)

Figure 3. (a) The result of Chree analysis from − 6 days to + 6 days with respect to zero epoch day (occurrence day of GS).
The variation of mean values of Dst and plasma density (np) is plotted to depict the observational trend of two parameters for
the respective years on a day-to-day basis for solar cycle 24. (b) The result of Chree analysis from − 6 days to + 6 days with
respect to zero epoch day (occurrence day of GS). The variation of mean values of Dst and plasma density (np) is plotted to
depict the observational trend of two parameters for the respective years on a day-to-day basis for solar cycle 23.
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(b)

Figure 3. Continued.
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3.3 Dst and solar wind plasma density

We have additionally compared the profiles of Dst
index with solar wind proton density and reached to the
conclusion that the strongest increment in plasma
density takes place one day before the occurrence day
of GS, i.e. there exist a time lag of 1 day between the
occurrence day of GS and maximum peak of plasma
density (np) except for the year 2009 and 2014. Sim-
ilar sort of 1 day time lag is also observed for solar
cycle 23 with the exception for the year 1996. The
correlation coefficient between Dst index and solar wind
proton density was found to be weak for both the solar
cycles which clearly indicates that proton density is not a
geoeffective parameter which shore up the earlier
findings of Kharayat & Prasad (2017) (Fig. 3).

4. Conclusions

From the present study, we have concluded that

(1) Dst is highly anti-correlated with IMF and Ap
index.

(2) The correlation coefficient of Dst with Ap index
for solar cycle 23 (− 0.7) and solar cycle 24
(− 0.7) is found to be the same and is high which
clearly exhibits that Ap index is a geoeffective
parameter.

(3) The correlation coefficient of Dst and IMF is
found to be high for solar cycle 23 (− 0.7) as
compared to solar cycle 24 (− 0.6).

(4) Dst is highly anti correlated with V · B when
contrasted with V or B alone.

(5) The existence of 1 day time lag is noticed between
the occurrence day of GS and the maximum peak
of plasma density except for the year 2009, 2014
(solar cycle 24) and 1996, 2003 and 2004 (solar
cycle 23).

(6) The correlation coefficient between Dst index
and solar wind proton density was found to be
weak for both the solar cycles which clearly indi-
cates that proton density is not a geoeffective
parameter.
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