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ABSTRACT 
 
This study aimed at determining the extent at which solar activity moderated the 
influx of cosmic rays into the earth surface for the past five solar cycles (20, 21, 22, 
23 and 24).  A detailed correlative study was done using the values of the monthly 
mean of Sunspot number (SSN) and that of cosmic rays from four different 
stations. The statistical analysis of the data depicts a very high correlation 
between solar activity and cosmic rays for most of the periods under study, which 
is consistent with earlier findings. However, a slightly lower correlation coefficient 
(r) was observed in solar cycle 21 in all the stations. A very strong correlation 
coefficient of ≈0.9 in solar cycle 22 was also noticed in all the stations. Our result 
suggests that level of statistical association between solar activity and cosmic rays 
varies from one cycle to the other. One would have assumed a uniform value of r 
for the five solar cycles, but that was the case. The reason for this variation in the 
depth of modulation for different solar cycles is uncertain and as such calls for 
further investigation.  
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INTRODUCTION 
 
Forbush (1938) first discovered that cosmic ray intensity 
has an anti-correlative relationship with 11-years solar 
activity. Subsequently, it was validated and established by 
several other researchers (Barouch and Burlaga, 1975; 
Usokin, 1998; Kane, 2005) that solar cycle and cosmic ray 
intensity at the earth are inversely correlated that is, 
cosmic ray intensity decreases during solar maximum and 
increases during solar minimum.  

Cosmic rays entering the heliosphere suffer from 
heliospheric modulation due to the shielding effect of the 
outward blowing solar wind and the frozen –in 
interplanetary magnetic field (Usoskin et al., 2004). This 
leads to the reduction of the total cosmic ray flux and the 
hardening of the cosmic ray spectrum at 1 AU as the solar 
cycle progresses from minimum to maximum. At different 
geomagnetic cut-off rigidities and different altitudes, a long-
term cosmic ray modulation was investigated by several 
scientists in the time past. Earlier studies have shown that 
cosmic ray intensity increases with altitude and varies with 
geomagnetic latitude, with its maximum at the poles and its 
minimum at the equator. 

Mishra (2005) conducted a detailed correlative study on 
Sunspot number (SSN), Grouped solar flare (GSF), and 
Cosmic ray intensity (CRI) using running correlation 
method for three successive solar cycles 20 to 23. It was 
observed that there is a negative and high correlation 
between solar activity and cosmic ray. In the same vein, 
Gupta et al. (2006) indicated a high correlation between tilt 
angle and the cosmic ray intensity. Furthermore, Tiwari et 
al. (2011) carried out a detailed study on the correlation of 
SSN and CR from 1976 to 2008 using Kiel’s neutron 
monitor data and ascertained that correlation coefficient 
between SSN and CRI are negative and high for most of the 
years. However, poor correlation is found during low and 
high solar activity years. They also observed that CR are 
negatively correlated with geomagnetic activity.  

Despite the extensive work already carried out on solar 
modulation of cosmic rays for about half a century, it is still 
a subject of investigation to discover the constant varieties 
of occurrences in the sun and its effect on Earth. 

In this present work, a detailed correlative studies on the 
link   between   cosmic   ray intensity and solar activity from  
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Table 1: Neutron monitor stations with their information. 

 

Stations Rc (GV) Latitude Altitude (m) 

Kiel 2.36 54.30 N 54 

Hermanus 4.58 -34.42 S 26 

Moscow 8.28 - 2274 

Oulu 0.8 65.05  

 
 

Table 2: Solar cycle dates (Wikipedia). 
 

Solar cycle Start Maximum Duration (Years) Spotless days 

Cycle 20 1964 October 1968 November 11.4 227 

Cycle 21 1976 March 1979 December 10.5 272 

Cycle 22 1986 September 1989 November 9.9 273 

Cycle 23 1996 August 2001 November 12.3 309 

Cycle 24 2008 December 2014 April In progress 817 

 
 

Table 3: Correlation Coefficient r for each cycle from different stations. 
 

Station Cycle 20 Cycle 21 Cycle 22 Cycle 23 Cycle 24 

Kiel -0.731 -0.598 -0.911 -0.766 -0.085 

Moscow -0.795 -0.575 -0.896 -0.735 -0.765 

Oulu -0.881 -0.651 -0.906 -0.774 -0.851 

 
 
1964 to 2015 was carried out in solar cycle 20, 21, 22, 23 
up to the present cycle, solar cycle 24. We intend to 
ascertain the extent or depth of solar modulation of cosmic 
ray intensity for each of the five solar cycle under study. 
The monthly averages of sunspot number data as the solar 
index was used. Generally, sunspots number are used as 
one of the most reliable and easily available solar 
parameters to measure solar activity (Mishra, 2005) and 
Sunspot number (SSN) as the oldest directly observed solar 
activity on the photosphere is a very useful indicator of 
solar activity (Aslam and Badruddin, 2012).   

Cosmic ray data (neutron monitor count rates) was from 
four different stations with different cut rigidities. Neutron 
monitor data was chosen for the reason that several 
authors recommended it as being able to provide very 
stable and reliable records of cosmic ray intensities of 
different energies for a long-term study (Usokin, 1998). 
 
 
DATA AND METHOD OF ANALYSIS 
 
In the present work, a detailed correlative study of solar 
modulation of cosmic rays of the past solar cycles 20, 21, 
22, 23 and 24 was carried out from 1964 to 2015. We 
intend to discover the extent at which the sun’s activity 
modulated the cosmic ray in each of the cycle under study. 
The effect of the geomagnetic rigidity cut- off on the 
modulation by using data from stations with different 
geomagnetic rigidity cut- off was also considered (Table 1). 

A monthly average of cosmic rays count from ground-based 
neutron monitor stations was used. Neutron monitor data 
has been attested by many authors to provide consistent 
records of cosmic ray intensities at various energy 
spectrums for long-term analysis (Usoskin, 1998). 

The monthly averages of sunspot number data (1964 to 
2015) obtained from World Data center- Sunspot Index and 
Long-term Solar Observations (WDC-SILSO) Royal 
Observatory of Belgium, Brussels were used as the solar 
index. All the cosmic ray data were gotten from World Data 
Center of Geomagnetism (cro.izmiran.ru). To determine the 
extent of the correlation between solar activity and cosmic 
ray intensity for each of the cycle under study, we further 
sub-divided the data into the five different solar cycles as 
given by Wikipedia (Table 2). 

The statistical analysis to obtain the correlation 
coefficient, r was done for each of the cycle under study 
using the Pearson Product moment correlation coefficient, r 
given as: 

 

 

 
 
The result of the calculation is given in Table 3. 

 
Figures 1, 2 and 3 indicate a clear anti-correlative 
relationship   between   solar   activity   (SSN)  and  CRI.  The  

https://en.wikipedia.org/wiki/Solar_cycle_20
https://en.wikipedia.org/wiki/Solar_cycle_21
https://en.wikipedia.org/wiki/Solar_cycle_22
https://en.wikipedia.org/wiki/Solar_cycle_23
https://en.wikipedia.org/wiki/Solar_cycle_24
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Figure 1: Variation of SSN and CRI for solar cycles (21, 22, 23, 24 and 25) as 
measured by Kiel neutron monitor station. 

 
 

  
 

Figure 2: Variation of SSN and CRI for solar cycles (21, 22, 23 and 24 as measured 
by Moscow neutron monitor station. 

 
 

 
 

Figure 3: Variation of SSN and CRI for solar cycles (21, 22, 23 and 24) as measured by Kiel 
neutron monitor station. 

 
 
correlation co-efficient of SSN and CRI are high and 
negative for each of the cycle. However, in solar cycle 21, 
the value of r is low (≈ -0.5) when compared with other 
solar cycles. The reason for this variation is uncertain. In 
solar cycle 24, we observed that the ascending phase of CRI 
did not overlap with the descending phase of SSN, as 
observed in the other solar cycles and a very high value of r 
of ≈ -0.9 was noticed in solar cycle 22. From the Figures 1 to 
3, it was observed that the peak of SSN does not necessarily 
correspond to the valley of the CRI variation. 

From further investigations into the effect of geomagnetic 
rigidity –cut off of the stations (Oulu, 0.8 GV, Kiel, 2.36 GV 

and Moscow 8.28 GV) on the association of CRI and solar 
activity, no apparent difference in the results of the plots 
and in the calculated value of r from the stations was 
noticed. 
 
 
CONCLUSIONS 
 
The extent at which solar activity modulates cosmic rays is 
not exactly uniform for the five cycles studied. Solar cycle 
21 gave a slightly reduced value of r and conversely, solar 
cycle  22  shows  a  high  and  negative  value of r. Therefore,  



Academia Journal of Scientific Research; Akaogu.          541 
 

 
 
there is need for further investigation into these findings to 
ascertain the actual reason for this variation. 
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