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ABSTRACT: The Geomagnetic storm is the disturbance created in the interplanetary space. In this paper the linkage
between the geomagnetic storm and average number of sunspot is found by analyzing the data from 1957 to 2009. A
high degree of correlation is found between these two phenomena. Also the variation of geomagnetic storm with
sunspot number is studied as per solar cycle.
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l. INTRODUCTION

The reconnection of southward magnetic field component of an interplanetary structure with earth’s magnetic field due
to which solar wind energy enters the magnetosphere is termed as geomagnetic storm [1]. The magnetic field of the
Sun also enters to the interplanetary space and is known as interplanetary magnetic field (IMF). The intensity and
orientation of the magnetic field associated with solar wind is due to the interaction between slow and fast solar wind
coming from solar corona which results in co-rotating interaction region [2-5]. The coronal mass ejection (CME) and
co-rotating interaction regions (CIR) are the two possible causes of geomagnetic storms. The geomagnetic storms are
generally measured by ring current disturbance storm time (Dst) index. Dst denotes the average change in the
horizontal component of earth’s magnetic field due to the geomagnetic storm at four low latitude stations [1]. A storm
is characterized as weak if Dst < -50nT, moderate if -100nT< Dst < -50nT, Intense if Dst > -100nT and severe if Dst > -
200nT [6]. As solar variability is measured by number of sunspot, we tried to find some possible linkage between
international sunspot number and Dst.

1. DATASELECTION

The hourly Dst data is considered from 1957 to 2009. To investigate any link the yearly average of Dst and average
number of sunspot is taken. In solar cycle vs Dst analysis, the Dst data is taken from the date cycle started to the date of
the completion of the cycle. The yearly average for this analysis does not means average throughout the year, it means
the average from or up to that month of the year and yearly mean of average number of sunspot consists of yearly
average from or up to the month the cycle extends.

1. ANALYSES AND RESULTS

Solar cycle 23 showed some special features of slow and prolonged decline phase [7-9]. We have investigated the
geomagnetic storms occurred during it. Table | presents the number and types of geomagnetic storm occurred during
solar cycle 23.

TABLE |
LIST OF STORMS OF SOLAR CYCLE 23

Number of moderate Number of intense
Year Number of severe storms
storms storms
1996 1 1 0
1997 12 06 0
1998 13 07 02
1999 15 04 01
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2000 16 08 04
2001 07 10 03
2002 21 13 0
2003 18 04 02
2004 10 06 01
2005 20 07 02
2006 03 02 0
2007 02 0 0
2008( Up to Jan) 0 0 0

The maximum number of storms occurred in the year 2002 whereas maximum number of severe storms occurred in the
year 2000. To see any possible linkage between the occurrence of geomagnetic storm and solar variability the 52 years
data of Dst and sunspot number are potted as scatter diagram in Fig.1.
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Fig. 1 Yearly average of hourly Dst vs yearly average of average number of sunspot.

Fig.1 indicates the yearly average of hourly Dst is varying in the same manner as the yearly mean of average humber of
sunspot but there is some time lag between the two. The correlation coefficient is found as 0.65 which shows the strong
linkage between these quantities. For critical scrutiny the yearly mean of average number of sunspot is plotted against
the yearly sum of hourly Dst in Fig. 2.
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Fig. 2 Yearly mean of average number of sunspot Vs yearly sum of hourly Dst.

The Fig. 2 also shows the same trend variation of Dst with sunspot number. The correlation coefficient between these
two quantities is also found as 0.65. The whole data series is divided into the five eleven years time span to see any
variation. The result obtained is tabulated in Table II.

Table Il
DURATION vs. KIND OF VA;t:Ae\TION OF THE TWO INDICES
Duration Kind of Variation
1957-1967 Same but with a time lag
1968-1978 Same but with a time lag
1979-1989 Same but with a time lag
1990-2000 Same but with a time lag
2001-2009 Same but with a time lag

Table Il reveals that there is solar influence on geomagnetic storm as yearly average of hourly Dst varies exactly in the
same manner as the yearly mean of the average number of sunspot but with some time lag. To verify it with solar cycle
we have plotted the Dst and international sunspot number of a particular cycle from date to date and analysed the
variation in Table I11. A scatter plot of 22" solar cycle which shows the variability of the two quantities is shown in
Figure 3.
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Fig. 3 Variation of yearly average of hourly Dst with yearly average of average number of sunspot.
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Table 111
SOLAR CYCLES AND THE VARIATION OF THE Dst AND INTERNATIONAL SUNSPOT NUMBER
Number of Solar Cycle Duration Response
19" 4/1954 - 10/1964 Dst shows the same trend
variation but with time lag
20" 10/1964 - 6/1974 Dst shows the same trend
variation but with time lag
21% 6/1996 - 9/1986 Dst shows the same trend
variation but with time lag
22™ 9/1986 - 5/1996 Dst shows the same trend
variation but with time lag
23" 5/1996 - 01/2008 Dst shows the same trend
variation but with time lag

V. CONCLUSION

The analysis suggests that there is strong linkage between yearly average of hourly Dst and yearly mean of average
number of sunspot which in turn shows that the geomagnetic storm is due to the coronal mass ejection, solar flare effect
or any type of change in the magnetic field of the sun [1]. The correlation coefficient between these two quantities is
found as 0.65. The low value of correlation coefficient is due to Dst data.
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