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ABSTRACT 

 

In the present study we investigate the association of interplanetary magnetic 

field (IMF) with moderate (-100nT <Dst≤ -50nT), intense (-200nT <Dst≤ -100nT) 

and severe (-350nT <Dst≤ -200nT) geomagnetic storms for the period 2008 – 2016 

(i.e Solar Cycle 24). To find the association of IMF with the three above mentioned 

geomagnetic storms, we incorporate the Chree analysis technique by superposed-

epoch method. We have observed that IMF B component increases with decrease in 

intense geomagnetic storm which shows that IMF B is highly anti-correlated with 

intense geomagnetic storm, while IMF and moderate geomagnetic storm are found to 

be correlated to each other. The correlation coefficient between IMF and severe 

geomagnetic storm is found to be very low. This shows that IMF is not correlated to 

severe geomagnetic storm. The study of geomagnetic storm is also useful for studying 

space-weather effects. 
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1.  INTRODUCTION 

 

A geomagnetic storm is a global disturbance in Earth’s magnetic field usually 

occurring due to abnormal condition of interplanetary magnetic field (IMF) and solar wind 

plasma emissions caused by various solar phenomenon (Akasofu 1983; Joselyn et al., 1981). 

The size of geomagnetic storm is classified as moderate (-100nT <Dst≤ -50nT), 

intense  (-200nT <Dst≤ -100nT) and severe (-350nT <Dst≤ -200nT) geomagnetic storm. We 

here used all the three above mentioned geomagnetic storm for solar cycle 24 by Chree 

analysis. This method is selected for investigating the association of  IMF with moderate, 
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intense or severe geomagnetic storms. The day with -100nT <Dst≤ -50nT for moderate, -200nT 

<Dst≤ -100nT for intense and -350nT <Dst≤ -200nT for severe geomagnetic storm was taken 

as the zero day for the Chree analysis. 

A large number of studies are being done continuously to correlate the geomagnetic 

storm variation with solar activity. Furthermore, the strong geomagnetic disturbances is 

associated with passage of magnetic cloud (Lakhina 1994; Gonzalez et al., 1994) which causes 

intense and severe geomagnetic storms (Kaushik et al., 2000). A magnetic cloud (MC) is 

defined as a region of high magnetic field strength, low proton temperature, low proton and 

smoothly changing (rotating) magnetic field (Burlaga et al., 1981). Magnetic clouds (MCs) 

are the major sources of long lasting strong southward  IMF Bz component and therefore 

usually it cause geomagnetic storms. 

Several studies have shown that coronal mass ejections (CMEs) are most geoeffective 

solar phenomena (Brueckner et al., 1998; Cane et al., 2000; Gopalswamy et al., 2000, 2005; 

Wang et al., 2002; Webb et al., 2000; Zhang et al., 2003). Coronal mass ejection are huge 

explosions of magnetic field and plasma from Sun’s corona. In case of halo CMEs (earth 

directed CMEs), they are assumed to play the key role in originating the geomagnetic activities 

in the magnetosphere (Prasad et al., 2013). 

 

2. DATA AND METHOD 

 

Interplanetary magnetic field (IMF) and geomagnetic storm (Dst) hourly data have 

been used over the period 2008-2016 to find the association of interplanetary magnetic field 

with moderate, intense and severe geomagnetic storm. These data have been taken from the 

omniweb data center (omniweb.gsfc.nasa.gov/form/dx1.html). To find the association 

between two sets of observations, we here used Chree analysis technique by superepoch 

method. In this method the day with -100nT <Dst≤ -50nT for moderate, -200nT <Dst≤ -100nT 

for intense or -350nT <Dst≤ -200nT for severe geomagnetic storms taken as zero day. During 

the study period we observed 1599 GS days with criteria -100nT <Dst≤ -50nT, 142 GS days 

with criteria -200nT <Dst≤ -100nT or 3 GS days with criteria -350nT <Dst≤ -200nT. To find 

the correlation between various parameters IMF, Moderate geomagnetic storm, Intense 

geomagnetic storm and Severe geomagnetic storms, we first calculated the correlation 

coefficient between these parameters for individual years within the period 2008-2016, and 

then we took the average of these values to find the possible correlations. 

 

3. RESULTS AND DISCUSSION 
 

3.1. IMF and Moderate GS 
 

The inference based on the data of 9 years from 2008-2016 we observed that total 

1599 geomagnetic storms occurred. 2015 is the year of solar maximum because 495 GS 

occurred in this year while 2008 is the year of solar minimum because only 12 GS occurred in 

this year. From figure 1 it is clear that 2014 and 2008 IMF shows inverse relation with 
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moderate geomagnetic storm but minimum peak of moderate geomagnetic storm does not 

exactly coincide with maximum peak of IMF. In 2009, 2011, 2013, IMF slightly increases, 

reaches its peak value and then start to decrease while in 2010, 2012, 2015, 2016, IMF found 

to be decreases rapidly from its peak value. The correlation coefficient between IMF and 

Moderate GS is found to be 0.11 (shown in table 1). This shows that IMF is positively 

correlated with moderate GS. 
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Figure 1. The result of Chree analysis from -6 to +6 days with respect to zero epoch days. The variation of 

mean values of moderate GS and IMF is plotted. Zero days corresponds to the starting day for the occurrence 

of GSs during 2008-2016.                  
 

3.2. IMF and Intense GS 
 

We also studied the relationship between intense geomagnetic storm and IMF B for 

the same period and found that zero GS day occur in 2008, 2009 and 2010. We observed that 

total 142 GS occurred. 2015 is the year of solar maximum where 70 GS occurred in this year 

while 2014 is the year of solar minimum where only 2 GS occurred in this year. From figure 

2, it is clear that in 2011, 2012, 2013, 2015 IMF slightly increases, reaches its peak value, and 

then start to decrease. The strongest increase in IMF occur in 2014 on the onset day of GS. 

The correlation coefficient between IMF and intense geomagnetic  storm is found to be -0.21 

(shown in table 1). The negative sign indicates that these two parameters are anti-correlated 

with each other. This variation may be due to the fact that interplanetary magnetic field 

interconnect with Earth’s magnetic field and allow solar wind energy transport into the Earth’s 

magnetosphere. Our finding match the findings of Tripathi (2015) who have found that intense 

geomagnetic storm is negatively correlated with IMF. 
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Table 1 The correlation coefficients between  various parameters 
 

S.No. Parameters Correlation coefficient 

1 IMF and Moderate GS 0.11 

2 IMF and Intense GS -0.21 

3 IMF and Severe GS -0.04 

 

 

3.3. IMF and Severe GS 

 

We studied the relationship between IMF and severe geomagnetic storm for  solar 

cycle 24 and found that GS day  is only observed in 2015 which is the year of solar minimum 

because only 3 geomagnetic storm occur in this year. From figure 3, it is clear that an increase 

in IMF takes place on the onset day of GSs. The correlation coefficient between IMF and 

severe geomagnetic storm is found to be -0.04 (shown in table 1) which is very low. This 

shows that IMF is not correlated to severe GS. 
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Figure 2. The result of the Chree analysis from -6 to +6 days with respect to zero-epoch days. The variation 

of mean value of the intense GS and IMF is plotted. Zero days correspond to the starting day of occurrence 

of GSs during 2008-2016. 

 

 
Figure 3. The result of Chree analysis from -6 to +6 days with respect to zero epoch days. The variation of 

mean value of severe GS and IMF is plotted. Zero days corresponds to the starting day of occurrence of GSs. 

 

CONCLUSION 

 

The study of Solar cycle 24 shows that total 1599 moderate, 142 intense and 3 severe 

GS occurred from 2008 -2016. 2015 is the year of solar maximum and 2008 is the year of solar 

minimum for moderate GS while 2015 is the year of solar maximum and 2014 is the year of 

solar minimum for intense GS. It is evident that in the year 2015 ( solar minimum year) only 

3 GS had occurred for severe GS. It is also found that occurrence of intense GS are strongly 

correlated with IMF but no significant correlation is found between IMF and severe GS. The 

correlation coefficient between IMF and moderate GS is found to be 0.11 while the correlation 

coefficient between IMF and intense GS is found to be -0.21. The negative sign indicates that 

IMF is highly anti-correlated with intense GS. With a comparative study, we found that all of 

the parameters chosen in the study shows that the correlation coefficient between IMF and 

intense GS is high and negative (r = -0.21), as listed in Table 1. This indicates that IMF is the 

most effective parameter in producing intense GS for solar cycle 24. 
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