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Abstract
Characteristics of planetary geomagnetic indices are related 
to the solar activity level.  In this paper, the characteristics of 
geomagnetic character figures Kp, Ap and Cp for the first four 
years of the solar cycle 24 are critically examined and compared 
with three previous solar cycles 21, 22 and 23. It appears that the 
activity level of the Sun during 2009 to 2012 is in the rising phase 
while geomagnetic indices have a falling trend in comparison to 
other three cycles.
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I. Introduction
Solar activity rises and falls with eleven-year cycle that affects 
us in many ways. The term solar activity refers to any natural 
phenomena occurring in the Sun, such asSunspots and the solar 
cycle, solar flares, solar wind, coronal mass ejection etc.  Solar 
variation, which is the sum of all the periodic and aperiodic solar 
fluctuations, is usually referred to the term solar activity.Increased 

solar activity includes an increase in extreme ultraviolet and X-ray 
emissions from the Sun (1, 2). Every part of the solar activity is 
largely modulated by the solar magnetic cycle, as the latter serves 
the energy source for the former (3). In this study, we have taken 
the first four years of each of the solar cycles 21 to 24 to examine 
the variation of the planetary geomagnetic indices in the rising 
phase of the cycles. We have plotted three geomagnetic indices 
Kp, Ap and Cp with the corresponding years for the current solar 
cycle 24 and three preceding cycles to compare the geomagnetic 
activities of the cycles. 

II. Characteristics of Geomagnetic Kp, Ap and Cp Indices 
During Solar Cycles 21 to 24
In fig. 1, the sum of three-hourly Kp index values for solar cycles 
21 to 24 are plotted with the first four years for each of the cycle. 
The figure shows that the values of Kp index are increasing for 
all the four cycles but the rate of increment appears to be slowed 
for the cycle 24. For all the three other cycles the peak values of 
sum Kp exceeds 500 nT but for the cycle 24, the peak sum Kp 
value remains below 500 nT.

Fig. 1: Plots of Sum of Planetary K-Index for the First Four Years of the Solar Cycles 21 to 24
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The trend line equations for the four plots presented in Table 1 showing values of slopes, intercepts and R-squared values for the 
four cycles. The table reveals that both intercept and R-squared values for solar cycle 24 are larger and thus indicating the trend line 
for cycle 24 is sharper than previous cycles.

Table 1: Comparison of Some Parameters as Derived from Trend Line Equations of Sum Kp

Cycle No. Trend line equation Slope (m) Intercept (c) R-squared
21 y = 0.0104x - 117.82 0.0104 - 117.82 0.0026
22 y = 0.052x – 1490 0.052 - 1490 0.059
23 y = 0.0409x - 1310.2 0.0409 - 1310.2 0.0413
24 y = 0.0467x – 1788 0.0467 - 1788 0.0716

The geomagnetic parameter Kp when considered for the four cycles 21 to 24 no definite changes are noticed for slope, intercept and 
R-squared values.
In fig. 2, the daily values of Ap index are plotted for the first four years of each cycle. The figure shows that the values of Ap index 
have increased w.r.t time for all the four cycles but the enhancement is relatively low for cycle 24. For the three cycles 21, 22 and 23 
the peak values of Ap indexexceeds 120 nT while for cycle 24, peak Apindex value remains below 90 nT.

Fig. 2: Plots of Ap Index for the First Four Years of the Solar Cycles 21 to 24

The trend line equations as obtained from the plots of fig. 2 and associated parameters are given in Table 2. The table again shows 
that both intercept and R-squared values are higher for cycle 24 compared to other three. 

Table 2: Comparison of Some Parameters as Derived from Trend Line Equations of Ap

Cycle No. Trend line equation Slope (m) Intercept (c) R-squared
21 y = 0.0014x - 25.462 0.0014 - 25.462 0.0019
22 y = 0.0074x - 123.71 0.0074 - 123.71 0.0116
23 y = 0.0044x - 148.53 0.0044 - 148.53 0.0268
24 y = 0.004x - 155.25 0.004 - 155.25 0.0537
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It is interesting to note that when the Apindex values are taken into consideration both the intercept and R-squared values increases 
from cycle 21 to 24.
Here in fig. 3, the values of Cp index for solar cycles 21 to 24 are plotted with the first four years. Similar to fig. 1 and fig. 2, the Cp 
index values are lower for cycle 24 compared to the other three cycles. In this case, the peak values of Cp index for the cycles 21, 22 
and 23 exceeds 2 nT but for cycle 24 the peak value narrowly exceeds 1.5 nT.

Fig. 3: Plots of Cp index for the First four Years of the Same Four Solar Cycles 21 to 24

The trend line equations from the plots of fig. 3 and other related parameters are given in Table 3, which shows that intercept and 
R-squared values for cycle 24 are higher increased.

Table 3: Comparison of Some Parameters as Derived from Trend Line Equations of Cp

Cycle No. Trend line equation Slope (m) Intercept (c) R-squared
21 y = 5E-05x - 0.821 0.00005 - 0.821 0.0025
22 y = 0.0002x - 7.1837 0.0002 7.1837 0.0278
23 y = 0.0002x - 6.1909 0.0002 - 6.1909 0.0374
24 y = 0.0002x - 7.9679 0.0002 - 7.9679 0.0678

It appears that in spite of the rising phase of the solar activity level of the sun during the first four years of solar cycle 24, the trend 
line equations and their associated slope, intercept and R-squared values do not reflect any significant differences. 
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IV. Data Sources
The data sources used in this paper are,

http://www.noaa.gov,1. 
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http://wdc.kugi.kyoto-u.ac.jp,2. 
http://www.ngdc.noaa.gov, 3. 
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