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ABSTRACT 

 

In this paper we have studied the relationship between the sunspot number 

(SSN) and moderate geomagnetic storms (criteria -50 nT ≤ Dst < -100 nT)  and 

consequently in respect of space weather for solar cycle 23 and 24. On the basis of 

the strength of magnetic field, geomagnetic storms are categorized as intense, 

moderate and weak but our results are focused only for moderate geomagnetic storms. 

We have found that correlation coefficient between Dst and SSN for solar cycle 23 is  

-0.2 while for solar cycle 24 it is found to be - 0.7 which indicates that  Dst and SSN 

are highly anti correlated for solar cycle 24 as compared to solar cycle 23. The 

depressed values of SSN from the year 2001 to 2006 shows that it is a time of global 

cold while years 1998, 1999 and 2000 are designated as the time period of global 

warming as the SSN is increasing in these years. Similarly for solar cycle 24, SSN 

decreased gradually from 2012 to 2014 results in cold climate and for the year 2010 

and 2011, SSN showed increments which indicates that this is the time period of 

increase in temperature of space weather. In the year 2016, SSN become constant with 

respect to Dst which shows that we are heading towards the ending phase of solar 

cycle 24. From the study we have also concluded that SSN are not an effective 

parameter for the study of geomagnetic storms. 
 

Keywords: Sunspots; Geomagnetic Storms; Coronal Mass Ejections. 

 

1.  INTRODUCTION 

 

Various activities occurs on the sun’s surface produce significant effects on earth as 

well as on space weather phenomenon. Among various solar activities sunspot numbers (SSN) 

http://www.physics-journal.org/
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is one of the such activity which posses intense magnetic field. Beer et al., 2000; Quassim and 

Attia, 2005; Joglekar and Agarwal, 1973; Cohent and Wohlers, 1998 studied the effect of solar 

activities and sunspot numbers on space weather, global temperature and atmospheric radio 

noise level. As it is already known that sunspots plays an important role in major solar and 

geomagnetic disturbances. Kahler, 1992; Gosling, 1993 suggested that geomagnetic storms 

are results of abnormalities arises in interplanetary magnetic field (IMF) and the study of these 

abnormalities is necessary to understand the dynamics of  solar-terrestrial environment (Jain 

et al., 2011; Pal et al., 2010).   

Gosling, 1993; Crooker, 1994 noticed that coronal mass ejections (CMEs) and solar 

flares  are also responsible for geomagnetic storms and a good correlation between sunspot 

number and coronal mass ejections was found by Webb et al., 1994. Solar cycle 24 is 

considered as the weakest cycle in the space era (Gopalswamy et al., 2014). 

 

2. DATA ANALYSIS AND METHOD 
 

A Chree analysis technique by the superposed epoch method has been done for the 

present study with the occurrence day of moderate geomagnetic storms (criteria -50 nT ≤ Dst 

< -100 nT) as zero day. The hourly mean values of the Dst index and the sunspot number 

(SSN) are taken from the Omniweb data center (omniweb.gsfc.nasa.gov/form/dx1.html) for 

the period 1996-2016. We have also established the correlation coefficient between Dst and 

SSN for the period 1996 – 2016. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Sunspot number and moderate geomagnetic storms for solar cycle-23 (1996-2007). 
 

 
Figure 1. Annual distribution of moderate geomagnetic storms for solar cycle 23 and 24. 

 

Figure 1 shows that maximum number of moderate geomagnetic storms are found in 

the year 2002 while minimum occurred in the year 2007. In the years 1998, 1999 and 2000,  

SSN are increasing gradually and after zero day Dst and SSN both are increasing simultaneously. 

Contradictory to this for years 2001, 2002, 2003, 2004, 2005 and 2006 SSN show 

gradual decrements and for these years both these parameters also shows direct relationship 

but before zero day. 
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The depressed values of SSN indicates that from the year 2001 to 2006 there is a time 

of global cold while years 1998, 1999 and 2000 indicates the time period of global warming 

as the SSN is increasing in these years.  

We have observed one interesting fact that in the year 1996 and  2007 of solar cycle 

23, SSN are found to be constant with respect to Dst whereas high anti correlation coefficient 

is observed between Dst and SSN for years 2002, 2004, 2005, 2007. 

 

 

              

                                 1996                                                                                             1997 

        

                                  1998                                                                                              1999    

          

                                   2000                                                                                               2001 



 Chandrasekhar Bhoj, et al., J. Pure Appl. & Ind. Phys. Vol.7 (4), 156-161 (2017)  

159 

 
Figure 2. The result of Chree analysis from -6 day to +6 days with respect to zero epoch days. The variation 

of mean values of SSN and Dst is plotted. Zero day corresponds to the starting day for the occurrence of 

geomagnetic storms. 

 

3.2 Sunspot number and moderate geomagnetic storms  for solar cycle -24 (2008-2016) 
 

Analysis of Figure 3 shows that SSN are decreasing gradually from year 2012 to 2014 

resulting decrease in temperature of space weather while for the year 2010 and 2011 SSN are 

increasing which shows that these years have high temperature. 

In the year 2016 SSN become constant with respect to Dst which shows that we are 

approaching towards the ending phase of solar cycle 24. On comparing correlation coefficient 

between Dst and SSN for solar cycle 23 (N= -0.2) and solar cycle 24 (N= - 0.7),  we have 

found that Dst and SSN are highly anti correlated for solar cycle 24 as compared to solar cycle 

23. But from the study we have also concluded that SSN are not an effective parameter for the 

study of geomagnetic storms and our results are in good agreement with earlier findings of 

Rathore, B. S., 2011 and Kharayat et al., 2016. 
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Figure 3. The result of Chree analysis from -6 day to +6 days with respect to zero epoch days. The variation 

of mean values of SSN and Dst is plotted. Zero day corresponds to the starting day for the occurrence of 

Geomagnetic storms. 

 

CONCLUSION 

 

From the present investigations we conclude the following: 
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The maximum number of moderate geomagnetic storms are found in the year 2002 

while minimum occurred in the year 2007 for solar cycle 23 and for solar cycle 24 year 2015 

constitute maximum events while minimum occurred in the year 2008. 

The depressed values of SSN indicates that from year 2001 to 2006 there is a time of global 

cold while years 1998, 1999 and 2000 are designated as the time period of global warming for 

solar cycle 23. 

In the year 1996 and in 2007 of solar cycle 23, SSN are found to be constant with 

respect to Dst whereas high anti correlation coefficient is observed between Dst and SSN for 

years 2002, 2004, 2005 and 2007. 

SSN are decreasing gradually from year 2012 to 2014 resulting decrease in 

temperature of space weather while for the year 2010 and 2011 SSN are increasing which 

shows that these years have high temperature. In the year 2016, SSN become constant which 

shows that we are approaching towards the ending phase of solar cycle 24.  

On comparing the correlation coefficient between Dst and SSN for solar cycle 23 (N= 

- 0.2) and solar cycle 24 (N= - 0.7)  we have found that Dst and SSN are highly anti correlated 

for solar cycle 24 as compared to solar cycle 23. 

From the study we have also found that SSN is not an effective parameter for the study 

of geomagnetic storms. 
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