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Abstract  

In this work, we report a statistical study for the relationship between coronal mass ejections 

(CMEs) of velocity >500 km/s and sunspot number (SSN) that were registered during the 

period 1996-2015. For this duration by the glance at the data that in the years 2008 and 

2009 didn’t recorded even single CMEs over the speed of 500 km/sec. On the other side 

sunspots have shown regularity even in the declining phase of solar cycle. Furthermore we 

have calculate the correlation between sun spot number (SSN) and CMEs for every year and 

found that strong positive correlation for the 2001,2005,2007 years, moderate correlation in 

2011 and weak positive correlation in 1996,1997,1999,2006 and strong negative correlation 

in the 2015, with no correlation some times. Test results of the annual correlation between 

SSN and CMEs is 0.79 and can be represented by a linear regression equation. From this 

study we concluded that sun spot number and CMEs are well correlated in most of the yearly 

compiled data for this time span.  
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1- INTRODUCTION 

Solar cycle is a key parameter in the solar 

atmospheric phenomena which takes 

approximately 11 years on the average. 

During this time, the SSN starts from a 

minimum value and increases which marks 

the start of the solar cycle. Then, the SSN 

tends to reach a maximum value, then 

decreases to a minimum again which 

marks the end of a solar cycle. The reason 

for this phenomenon is the continuous 

fluctuation of the solar magnetic field, and 

this credence is strongly supported by the 

observed fact that a sunspot maintains a 

strong magnetic field compared to that of 

the sun’s surface (vikash k.u.l. et al 2017). 

The role of the sun in space weather 

becomes of mark because of its day-night 

continuous cycle, and because the 

electromagnetic radiation it emits consists 

of two main components: semi stable and 

horizontal radiation. The long-term 

variation in the energy of emitted solar 

photons can be associated with climate 

influence, while short-term variations in 

the solar energy, particularly abrupt 

changes in the solar wind, will mainly 

affect the Earth ionosphere, which causes 

radio communications problem. According 

to Gopalswamy (2007) turbulences in the 

solar wind consists of three components, 

CMEs, Solar energetic particles (SEP) and 

Solar flares. CMEs cast a huge amount of 

energized plasma, into the interplanetary 

space. These massive emissions usually 

happen during the solar maxima and travel 

into space with speeds that can reach up to 

2000 km/s. These ejections are the main 

player in the space weather. CMEs are the 

most striking phenomenon of solar 

activity. They occur in the regions of 

closed magnetic fields that overlay 

magnetic inversion lines Gosling, J.T. 

(1990). The sunspot cycle is a principal 

form of solar variability that indicates the 

extent of closed magnetic field structure 

on the sun which is important to study the 

origin of coronal mass ejections. Webb & 
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Howard (2012) showed that CME 

occurrence frequency tends to follow the 

solar activity cycle in both amplitude and 

phase from 1973 to 1989 CMEs. 

Gopalswamy (2010) have also studied 

CME occurrence in relation to sunspot 

number and found that the correlation is 

quite weak between them during the 

maximum phase of solar cycle. 

Sunspots are the most evident feature on 

the disturbed surface of the photosphere 

above the solar atmosphere and appear to 

play a key role in major solar and 

terrestrial disturbances (Pandey, S. K. etal 

2010). Gopalswamy etal. (2015) showed 

that Coronal mass ejections (CMEs) 

originate in closed magnetic field regions, 

which appear as bipolar or multipolar 

regions in photospheric magnetograms.  

In this manuscript we performed a 

statistical study for the relationship 

between CMEs and SSN from 1996-2015, 

depending on available observational data.  

2- DATA SELECTION 

In this research, the SSN was extracted 

from NOAA National Geophysical Data 

Center http://.ngdc.noaa.gov/stp, while 

CMEs observations made by the Large 

Angle and Spectrometric Coronagraph 

(LASCO) on board the Solar and 

Heliospheric Observatory mission (SOHO) 

during the period from 1996-2015 through 

solar cycle23 and 24.    

3- RESULT AND DISCUSSION 

In this paper, the statistical analysis was 

conducted to derive the correlation 

between SSN and CMEs for the annual 

time during the period from 1996-2015 

through solar cycles 23 and 24 to 

investigate the behaviors of these 

parameters.  

The size and speed of CMEs are important 

parameters to determine the impact to the 

earth and when attempting to predict. 

These properties of CMEs can be reckon 

using observations from an instrument 

known as a coronagraph, such as the one 

in LASCO which blocks the bright light of 

the solar disk thus allowing the outer solar 

atmosphere: chromosphere and corona to 

be observed.  

A total of 12,133 sun spot number and 

1,48,549 CMEs of velocity over 500 km/s, 

were observed during the period from 

1996-2015 through solar cycle 23 & 24.  

Table-1 shows the values of the observed 

SSNs and CMEs for the selected period. 

The number of occurrence of CMEs 

slightly increases towards solar maxima 

and slightly decreases towards solar 

minima.  

 

Table 1-Occurrence of SSNs and CMEs for 1996-2015. 

Year SSN No. of CMEs 

1996 
91.8 538 

1997 
249.6 2375 

1998 
739 9486 

1999 
1151.8 7488 

2000 
1479.3 11679 

2001 
1478.9 11921 

2002 
1313.6 14840 

2003 
789.1 9226 

2004 
519.9 9968 

2005 
372.4 11512 

http://.ngdc.noaa.gov/stp
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2006 
184 5582 

2007 
101.4 1527 

2008 
29 0 

2009 
33.8 0 

2010 
186 3153 

2011 
601.6 9157 

2012 
633 8714 

2013 
729 11783 

2014 
896.4 8963 

2015 
553.4 10637 

Total 
12133 148549 

In this work, we find that the linear regression equation is y = 0.08155x + 0.9358 and the 

correlation coefficient is 0.79, which measures the degree of a linear relation. A very good 

relationship rate with the positive slope is observed between the occurrence rate of CMEs and 

SSN, as shown in the correlation chart of Figure-1. 

 

 

Figure 1- Correlation between CMEs and SSN for 1996—2015. 

The correlation formula helps in finding out the relation between sunspots and CMEs. I have 

taken the data of CMEs and sunspots from the year 1996 to 2015. I have kept the record of 

CMEs of each month with the speed greater than 500 km/sec.  We have found that in the 

years 2008 and 2009 didn’t record even single CMEs over the speed of 500 km/sec. On the 

other side sunspots have shown regularity even in the declining phase solar cycle. It can be 

seen that 2008 and 2009 doesn’t show any relation between CMEs and sunspots on the 

condition of speed of CMEs over 500 km/sec. since 2008 and 2009 went through the 

declining phase of solar cycle; the record of CMEs has kept low.  

The compiled data of CMEs and sunspot number deduce a bar graph as well as follows-  

y = 0.0816x + 0.9358
R² = 0.6332
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The graph shows above tells about the variance between CMEs and sunspot number. There 

are two series. Since the minimum necessity of the speed of CMEs is 500 km/sec, the blocks 

in the blue can be seen high in comparison of sunspot number. 

4- CONCLUSION 

In this work, we have a good relationship 

with a positive slope between SSN and the 

occurrence rate of CMEs. The correlation 

coefficient between CMEs and SSN is 

0.79. When SSN increases, the number of 

CMEs slightly increases, and vice versa 

apart from some of the cases. The present 

results indicating a high associating 

relation between CMEs and SSNs as 

expected since both generate from active 

regions of the sun.  
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