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Abstract 

 Statistical relationship between major flares and the associated CMEs during rising 

phases of Solar Cycles 23 and 24 are studied. Totally more than 6000 and 10000 CMEs were 

observed by SOHO/LASCO (Solar and Heliospheric Observatory/ Large Angle Spectrometric 

Coronagraph) during 23
rd

 [May 1996 - June 2002] and 24
th

 [December 2008 - December 

2014] solar cycles, respectively. In particular, we studied the relationship between properties 

of flares and CMEs using the limb events (longitude 70°-85°) to avoid projection effects of 

CMEs and partial occultation of flares that occurred near 90°. After selecting a sample of limb 

flares, we used certain spatial and temporal constraints to find the flare-CME pairs. Using 

these constraints, we compiled 129 events in Solar Cycle 23 and 92 events in Solar Cycle 24. 

We compared the flare-CME relationship in the two solar cycles and no significant 

differences are found between the two cycles. We only found out that the CME mean width 

was slightly larger and the CME mean acceleration was slightly higher in cycle 24, and that 

there was somewhat a better relation between flare flux and CME deceleration in cycle 24 

than in cycle 23.  

Key words: Coronal Mass Ejection (CME), Flare 

1. Introduction 

 Coronal mass ejections (CMEs) are powerful solar eruptive events that launch large 

amounts of plasma and magnetic flux from the solar atmosphere into the heliosphere (e.g., 

Manoharan et al., 2004 and Manoharan, 2006). These sudden "explosions" are frequently 

associated with sudden enhancements of the emission in the H-alpha, radio, EUV, and X-ray 

wavelengths, called solar flares (Joshi et al., 2007; 2009; 2011; 2012). On the other hand, a 

significant fraction of flares is not associated with CMEs; typically the association rate 

increases with the intensity of flares (Gosling et al., 1976; MacQueen and Fisher, 1983; 

Harrison, 1995; Sheeley et al., 1999; Andrews and Howard, 2001). The most powerful events 

usually occur in regions of strong complex magnetic field that becomes unstable and erupts 
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violently into the interplanetary medium, resulting also in rapid heating of chromospheric and 

coronal plasma (Kahler, 1992). Zhang et al. (2001; 2006) and Shanmugaraju et al. (2003), 

Vrsnak et al. (2004) and Maricic et al. (2007) reported the coincidence between the main 

acceleration stage of CMEs and flare impulsive phase, whereas Vrsnak et al. (2007) found 

that, statistically, the magnitude of CME acceleration depends on the impulsiveness of the 

associated solar flare.  

 The relationship between CMEs and flares was investigated by many authors in the 

past (e.g. Munro et al., 1979; Kahler 1992; Harrison, 1995; Hundhausen, 1997) up to present 

days (Mahrous et al., 2009; Jain et al. 2010; Youssef, 2012; Salas-Matamoros and Klein, 

2015, and references therein). Mahrous et al. (2009) analysed the flare-CME association 

during the Solar Cycle 23. Initially, they took 224 flare-CME events and found correlation 

between the CME energy and flare flux, characterized by a correlation coefficient of R=0.52. 

After that they reduced the sample to 55 flare-CME events that satisfied a temporal 

constraint, which increased the correlation coefficient to R=0.61. Finally, they took only 41 

flare-CME pairs that satisfied the spatial and temporal conditions, and the correlation 

increased up to 76%.  Using a set of 26 events in cycle 23, Jain et al. (2010) studied the 

relationship between the velocity of CMEs and the plasma temperature of the associated X-

ray solar flares and found a positive correlation between the CME velocity and plasma 

temperature, characterized by a correlation coefficient of R = 0.82. 

 Youssef (2012) examined the relationship between the CMEs and flares during the 

period of 1996-2010. Initially, a set of 776 flare-CME events was studied and a correlation of 

R=0.38 between flare flux and CME energy was found. After using the temporal and spatial 

constraints, the correlation coefficient increased up to R = 0.65. Salas-Matamoros and Klein 

(2015) found the relationship between the CME and flares using a set of 77 flare-CME pairs 

observed in the period 1996 - 2008. They excluded events with the central position angle 

below ±60
o
, limited the CME width to the range 60

o
-120

o
 and excluded CMEs with speeds 

below 100 km/s. They found a correlation between the CME speed and the soft X-ray flux 

and fluence of the associated flares, characterized by R=0.48 for flare flux and 0.58 for 

fluence. They also performed the analysis separately for three types of flares, considering the 

flare time profiles: (i) simple bursts showing a single peak, (ii) events constituted of a 

superposition of two different soft X-ray bursts and (iii) a bursts characterized by a very 

complex time profile.  

 Shanmugaraju et al. (2011) compared the relationship between physical properties of 

CMEs and flares associated with type II radio bursts with those without type II bursts. They 
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analysed a sample of 290 events during the period January 1997 to December 2000. In this 

study, a better CME-flare relationship was found for the events associated with type II bursts. 

Bak-Steslicka et al., (2013) investigated 24 CME-associated long-duration flares and found a 

positive correlation between the CME speed and the flare flux of R = 0.77.  

 Thus, the flare-CME relationship is not completely, since the results depend very 

much on the applied the selection criteria and the employed statistical procedure. 

Furthermore, the difference between Solar Cycles 23 and 24 has been recently noted by 

Gopalswamy et al., (2015a). They reported that although the sunspot number in cycle 24 has 

dropped by ~40%; the number of halo CMEs in cycle 24 was nearly the same as in cycle 23. 

They also found that the distribution of halo-CME source locations is different in the cycle 

24. Prasanna Subramanian and Shanmugaraju (2016) examined intense flares (>M5.0 class) 

in cycle 24 and reported that the number of intense flares reduced by ~34 % from that in 

cycle 23. Hence, a comparison of the flare-CME relationship in cycles 23 and 24 is an 

important objective to be studied. 

In this paper, we compared the basic properties of CMEs and flares, and the 

characteristics of the flare-CME relationship during the rising phase of these two solar cycles. 

We focus on limb events that originated in regions 70
o
-85

o
 from the disc centre. We analyse a 

sample of 129 flare-CME pairs observed in Solar Cycle 23 and 92 flare-CME pairs from 

Solar Cycle 24, using these two samples, we study characteristics and relationships between 

CMEs and flares to investigate possible differences between Solar Cycles 23 and 24, 

considering all events, as well as M+X class flares separately. The number of M+X events 

was 40 and 31 in Solar Cycles 23 and 24, respectively. Data analysis is presented in section 2, 

and results and discussion are presented in section 3. Conclusions are drawn in section 4. 

 

2. Data Analysis 

 During the rising phase of Solar Cycles 23 [1996 (May) - 2002 (June)] and 24 [2008 

(December) - 2014 (December)], more than 6000 and 10000 CMEs was observed by 

SOHO/LASCO (Solar and Heliospheric Observatory/ Large Angle Spectrometric 

Coronagraph) spacecraft. We selected the events observed during the period of 73 months (as 

considered by Gopalswamy et al., 2015b) to investigate the limb flares and CMEs. Within 73 

months, data for 4 months are excluded because of missing SOHO/LASCO data. The CME 

data are taken from the SOHO/LASCO online catalogue of CMEs 

(http://cdaw.gsfc.nasa.gov/CME_list/index.html). The soft X-ray (SXR) flare burst data are 

gathered from Geostationary Environmental satellite (GOES) 

(http://www.ngdc.noaa.gov/stp/space-weather/solar-data/solar-features/solar-flares/x-
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rays/goes/xrs/). From the complete sample of events, we selected limb events, located within 

70° - 85° from the disc centre, since the projection effect on the properties of limb CMEs is 

significantly reduced compared to the on-disc events.  We excluded the events that occurred 

beyond 85° to avoid the events too close to the limb, carrying the risk that some are partly 

occulted and their SXR flux being reduced. From the complete list of events, we associate the 

flares and CMEs using several temporal and spatial constraints. First, the time difference 

between the flare start and CME onset was constrained to a time window of ±90 minutes. 

Here, CME onset means the initiation time of the CME, i.e., the back-extrapolated onset time 

based on the LASCO C2 height-time data. This CME onset time was taken from the LASCO 

CME catalogue, where two onset times are reported for each observed CME (onset 1 and 

onset 2 using linear and quadratic fits, respectively). In the following, we employ the one 

based on the linear fit on the height time data (Gopalswamy et al., 2009). Also, we used the 

linear speed and angular width for CMEs as given in the LASCO catalogue, and used GOES 

SXR peak flux values for flares. It should be noted that in the catalogue, the CME velocity is 

determined for the fastest structural element of the CME signature. Since in the case of a fast 

CME a shock may be observed already in the LASCO field-of-view, this will be the velocity 

of the shock in such CMEs, which may significantly differ from the velocity of the CME 

body (piston) generating it (Gopalswamy et al., 2001; Shanmugaraju and Lawrance 2015). 

On the other hand, for slow CMEs without shocks, measured velocity is that of the CME 

body. Similarly, for fast CMEs, the CME angular size is measured taking into account the 

extent of a shock. In the case of slow CMEs, the size is measured taking into account only the 

CME body. These effects have a tendency to increase a scatter of data-points of points in the 

correlation plots. According to the spatial criterion, the CMEs should have been ejected from 

the same quadrant where the flares occurred. Furthermore, we used the EIT (Extreme Ultra-

Violet Imaging Telescope) and SDO (Solar Dynamic Observatory) observations to check 

whether or not the flare and the CME originated form the same active region to avoid the 

back-sided events. 

 Using the above mentioned criteria, we selected 129 events in Solar Cycle 23 and 92 

events in Solar Cycle 24. In both the Solar Cycles 23 and 24, locations of flares were 

identified using H-alpha optical observations. We took the flare location directly from the 

GOES catalogue. In this sample, 286 events are the limb flares located within 70° and 85° 

from the disc centre. From these 286 flares, 92 flare - CME pairs are selected (remaining 

flares did not satisfied the described selection criteria). Similarly, in the 23
rd

 solar cycle, 

locations of more than six thousand flares are identified. From these flares, we filtered out the 

non-limb events and found the flare-associated CMEs using temporal and spatial conditions. 
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Finally, we got 129 flare - CME pairs in Solar Cycle 23. We note that during the period of 

Solar Cycle 23 (1996 May to 2002 June) LASCO observed ~6000 CMEs (CME detection 

was very poor in the year 1996 and 1997). LASCO observed ~10000 CMEs during the rising 

period of Solar Cycle 24 (2008-2014). On the other hand, GOES reported nearly ~7000 flares 

in Solar Cycle 23 and nearly ~3000 flares in the rising phase of Solar Cycle 24. From these 

flare observations, only flares with identified locations are taken into the account.  

 

Fig. 1. Distribution of (a) Flare longitude; (b) Flare class (for all the flares). White and dark bars correspond to 

23
rd

 and 24
th

 solar cycle, respectively.  

For the considered set of all flares in Solar Cycles 23 and 24, the frequency of flares 

in 10° longitudinal bins and frequency of flares class (A, B, C, M, and X) are drawn in the 

distribution diagram (Fig. 1).  Fig. 1a shows that the distribution of all the flares in Solar 

Cycles 23 and 24, had nearly equal percentage of limb flares, the percentage decreasing from 

centre to the limb. The distribution of flare classes, shown in Fig. 1b, shows that ~75% of 

flares are of class C in both solar cycles, whereas the percentage of A-class flare is very low. 

A lower percentage of flares at larger longitudes is similar to the results obtained by Conway 

and Matthews (2003), who used X-ray and H-alpha flares, but it is quite different from a 

more uniform distribution of RHESSI micro-flares reported by Christe et al. (2008) 

 

3. Results 

3.1. CME and Flare properties 

 The distribution of CME and flare parameters for the both analysed periods are shown 

in Figs. 2 and 3, respectively. In Fig. 2a, it can be noted that the distribution of CME speed is 

similar in both cycles, except that cycle 24 has somewhat larger fraction of fast CMEs. 

Similarly, Fig. 2b, shows that there was more wider CMEs in cycle 24 than in cycle 23. In 

Fig. 2c a distribution of accelerations is presented, showing that there was somewhat larger 

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90

0

2

4

6

8

10

12

14

16

E
v
e
n

t 
%

Flare Longitude (degree)

A B C M X

0

10

20

30

40

50

60

70

80

E
v
e
n

t 
%

Flare Class

(a) (b) 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

6 
 

fraction of decelerating CMEs in the Solar Cycle 24 than in cycle 23. The mean and median 

values in CME properties are found to be nearly same in both the cycles (shown in Table 1).  

         

 

Fig. 2. Comparison of the 23
rd 

and 24
th

 solar cycle (white and dark bars, respectively): (a) Distribution of CME 

speed, (b) Distribution of CME angular width, (c) Distribution of CME acceleration/deceleration, (Solar Cycle 

24: CME acceleration/deceleration values are available for 103 events. Solar Cycle 23: CME 

acceleration/deceleration available for 57 events). 

 Similarly, Fig. 3 shows nearly same distribution pattern and mean/median values of 

the flare rise time, duration and flare class for both the solar cycles. Flare rise time represents 

the difference between the SXR-flare start and flare peak time. The flare duration is estimated 

using the difference between the flare start and end times. Fig. 3d presented the SXR 

observation for X1.0 flare observed on 2002 August 3, showing the flare rising time 

(indicated by #1) and flare duration (indicated by #2). The starting time of an X-ray event is 

defined as the first minute, in a sequence of 4 minutes, of steep monotonic increase in 1.0 - 

8.0 Å flux. The X-ray event maximum is determined as the minute when the X-ray flux 

reaches the peak value. The end time is the time when the flux level decays to a point halfway 

between the maximum flux and the pre-flare background level. Multiple flares are eliminated 

by checking the flare SXR profiles. 
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Fig. 3. Comparison of 23

rd
 and 24

th
 solar cycles; Distribution of  (a) Flare rise time, (b) Flare class, (c) Flare 

duration, (d) X1.0 flare of 2002 August 3, as recorded  in the X-ray range between 1.0 to 8.0 Å. The vertical 

solid, dashed and dotted black lines indicate the flare start (onset), peak and end times, respectively. The 

numbers 1 and 2 indicate the flare rising time and flare duration, respectively. White and dark bars indicate 23
rd

 

and 24
th

 solar cycle events, respectively. 

For the 23
rd

 solar cycle, mean values of CME speed, width and acceleration are 581 

km/s, 67° and -9 m/s
2 

respectively. Mean values of flare rise time and duration are 13 and 25 

minutes respectively. 69% of the CMEs are associated with B and C-class flares and 31% are 

associated with M+X class flares.  Among 129 limb CMEs, 6 CMEs are full-halo events. For 

the 24
th

 solar cycle, mean values of CME speed, width and acceleration are 561 km/s, 76° and 

-15 m/s
2 

respectively. Mean values of flare rise time and duration are 13 and 23 minutes 

respectively. Among 92 limb CMEs in 24
th

 solar cycle, 7 CMEs are full-halo events. The 

above results are summarized in Table 1 along with the standard deviation and median 

values. The mean, standard deviation and median values of CME width is calculated without 

taking into account halo CMEs. If an average width of CMEs is calculated including halo 

CMEs (width of 360°), the average is probably biased, because the assigned 360° width 

might be very different from the real opening angle of the CME. For acceleration study, we 

considered only the CMEs for which more than three height-time data points are measured. 

Statistical significance in the difference between the mean values of the two cycles is 
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obtained by employing the "t-test" (P-values are listed in last column of Table 1). If P-value 

is less than 0.05, then there is a statistically significant difference between two data sets.  

Table 1 Statistical characteristic of CMEs and flares (values inside the brackets represent the standard 

deviation/median). 

CME parameters 

for all limb events Cycle 23 Cycle 24 

P- value 

 

Mean Speed 581 km/s (381/470 km/s) 561 km/s (452/405 km/s) 0.37 

Mean Width 67° (54°/51°) 76° (61°/62°) 0.09 

Mean Acceleration -9 m/s
2
 (42/-4 m/s

2
)  -15 m/s

2
 (38/-10 m/s

2
) 0.17 

Flare parameters 

for all limb events 

 B and C class 69%  66% -- 

M and X class 31% 34% -- 

Mean Flare duration 25 min (25/16 min) 23 min (19/16 min) 0.23 

Mean Rise time  13 min (14/8 min) 13 min (14/8 min) 0.39 

Mean decay time 12 min ( 14/7 min) 11 min (9/8 min) 0.13 

CME parameters 

(M and X class 

flare associated)  Cycle 23 Cycle 24 

 

Mean Speed 790 km/s (474/641 km/s) 905 km/s (587/710 km/s) 0.19 

Mean Width 101° (69°/71°) 128° (76°/112°) 0.05 

Mean Acceleration -8 m/s
2
 (15/-9 m/s

2
) -16 m/s

2
 (54/-8 m/s

2
) 0.23 

Flare parameters 

(M and X class)   

Mean Flare duration 35 min (28/23 min) 32 min (22/25 min) 0.31 

Mean Rise time 19 min (19/13 min) 18 min (13/14 min) 0.34 

Mean decay time 16 min (15/9 min) 14 min (11/11 min) 0.31 

 

After filtering out weak B and C SXR-class flares, we analysed in more detail 

statistical properties of the M+X class flares for the Solar Cycles 23 and 24. Though there are 

40 and 31 M+X class events in cycles 23 and 24,  the fraction of limb M+X class flares in 

cycles 23 and 24 are quite similar (31% and 34% respectively). The percentage of strong 

flares (M+X) is similar in both solar cycles. The statistical characteristics of M+X class 

events are also given in Table 1. There are slight differences between cycle 23 and 24 in the 

mean values of CME width and acceleration. However, according to the P-values the 

difference between Solar Cycles 23 and 24 is not statistically significant. While the mean 

CME widths of all limb events in cycle 23 and 24 are nearly the same (67° and 76°), the 

mean CME width of  M+X class flare-associated events show slight difference (101° in cycle 

23 against 128° in cycle 24). The reason may be attributed to the strength of flares and 

anomalous expansion. From the flare-CME relation studied by some authors (e.g., Harrison, 
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1995; Moon et al. 2002; Vrsnak et al., 2005; Prakash et al. 2014), it is known that the CMEs 

associated with stronger flares are wider than the CMEs associated with weaker flares. 

Anomalous expansion of CMEs of cycle 24 have been reported by Gopalswamy et al.(2015a) 

and was attributed to the reduced heliospheric pressure, since the effect of the aerodynamic 

drag should be more effective on wider CMEs Vrsnak et al. (2010). On the other hand, the 

previously mentioned similarity of the flare durations and rise times (for all limb events) 

between the two cycles is found for M+X class events too.  

3.2. Correlation study 

3.2.1. Limb events 

 Fig. 4 shows the relation between CME properties and flare flux for Solar Cycles 23 

and 24 along with the correlation coefficient. Relationship between the flare flux and CME 

speed is compared for 23
rd

 (Fig. 4a) and 24
th

 (Fig. 4b) solar cycles. The graphs show that as 

the flare flux increases CME speed increases too. Here we used the Pearson product-moment 

correlation method to find the relationship between the flare-CME properties. The outcome is 

consistent with the literature demonstrating that CMEs associated with X-ray flares of high 

intensity are likely to be faster and wider (Gosling et al., 1976; Yashiro, 2009). It is also 

similar to the recent results of Salas- Matamoros and Klein (2015), who obtained a 

correlation of   R = 0.48 between CME speed and flare flux.  

Figs. 4c and d show the relationship between the CME angular width and flare flux. 

In this particular analysis, we excluded the halo CMEs of angular width 360
o
. Similar 

correlations have already been reported between intensity of X-ray flares and energy of the 

associated CMEs (Hundhausen, 1997; Moon et al., 2002; Yashiro, 2009; Mahrous et al., 

2009). In addition to these relations, we present in Figs. 4e and 4f the relationship between 

the CME deceleration and flare flux. Graphs show a better correlation for cycle 24 mainly 

because of three excess points associated with three X-class flares in cycle 24. The relations 

of flare flux and CME speed/width are similar in both the cycles. On the other hand, the 

relation of the flare flux and the CME deceleration seems to be somewhat different due to the 

X-class associated flares.  

http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0070
http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0100
http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0155
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Fig. 4.  (a) and (b) relationship between CME speed and flare flux.  (c) and (d) relationship between CME angular width and 

flare flux.  (e) and (f) relationship between CME deceleration and flare flux (left and right columns represent the  23rd and 

24th solar cycles). The outlier point is not included in the correlation and it is indicated by the encircled symbol in (a) and (d). 

During the considered period of 23
rd

 and 24
th

 solar cycles, 32 out of 129 CMEs and 7 

out of 92 CMEs were accelerated, respectively, whereas the majority of CMEs were 

decelerated. Furthermore, the CME acceleration data points are distributed horizontally and 

show practically no correlation between the flare flux and CME acceleration. So, we 

excluded the accelerations part from this study in Fig. 4e and 4f. The inclusion of outlier 

events (encircled points) in Fig. 4a and 4d gives correlation coefficient of R = 0.34 and R = 

0.35, respectively. 
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3.2.2. M and X class limb events  

  For this set of events, the correlation plots presented in Fig. 5 show similar relations 

as those displayed in Fig. 4. The relations between flare flux and CME parameters are 

slightly better in cycle 24 than in cycle 23, mainly because of the presence of X-class flares. 

Besides, visually it appears that the correlation coefficients in Fig. 4f and in Fig. 5f are 

overrated: if one would remove 4-5 points corresponding to the largest flare-flux values, there 

is practically no correlation between the analysed parameters.  For both the solar cycles, the 

relationship between the flare flux and the CME deceleration relationship becomes the same 

when we removed the few X-class flares in Figs. 4f and 5f. 

 Bak-Steslicka et al. (2013) investigated the relationship between flare flux and CME 

speed for 24 slow and long duration events. Among the 24 events, 20 CMEs were associated 

with M+X class and their speeds were larger than 1000 km/s. They obtained a correlation 

between the CME speed and flare flux as R = 0.77.  Also, they obtained the correlation 

between the flare flux and CME acceleration as R = 0.66. These results are similar to that in 

the present work for strong flares of cycle 24. Hence, the overall comparison between 23
rd

 

and 24
th

 solar cycle shows that flare flux - CME relationship in 24
th

 solar cycle is similar to 

that of 23
rd

 solar cycle when the X-class flare events are removed. Recently, Compagnino et 

al. (2017) studied the relations between properties of flares and CMEs, using a sample of 

events that occurred in the period from 1997 July 31 to 2014 March 31 (period of solar cycles 

23 and 24). They used three different time windows (2 hour, ±1 hour and ±30 minutes) to 

identify the CME-flare pairs. In the present paper, the flare-CME association is checked 

using the temporal and spatial conditions for each flare-CME pair, checking that flares and 

CMEs originated from the same active region. 

Actually, it has been already reported by some authors (Hundhausen, 1997; Moon et 

al., 2002; Yashiro, 2009; Mahrous et al., 2009) that the relationship between the CME and 

flare energies depends on the strength of flares. That is, the relation is better in the case of 

more powerful flares. There were five X-class limb flares recorded in both cycles, but 

deceleration values are available only for four and three CMEs in cycles 23 and 24, 

respectively. A better correlation is obtained in 24
th

 cycle, maybe because of the presence of 

high-energy flare-CME events in 24
th

 solar cycle. Strong flares are associated with 

faster/wider CMEs which are prone to decelerate more strongly. This relationship obtained 

might be attributed to the physical effect. To confirm this, we separated from the set of all 

events those associated with B and C class flares and studied the correlations for them 

separately. In this case, correlation coefficient for the flare-CME relationship is found to be 

http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0100
http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0155
http://www.sciencedirect.com/science/article/pii/S2090997712000235#b0155
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below R = 0.3 in both the cycles. In this way, it is confirmed that the flare-CME relationship 

is much poorer for B+C class events than for M+X class events. 

       

           

                 
Fig. 5. Similar to Fig. 4, but for M and X flare class events only. 23rd solar cycle (left column) and 24th solar cycle (right 

column). The outlier point is not included in the correlation in (a) and (d) and it is indicated by the encircled symbol. If the 

outlier events in Fig. 5a, 5d and 5e would be included, the correlation coefficients would be R = 0.37, R = 0.10 and R=-0.39. 

In Table 2, third and fifth columns give the statistical significance of flare-CME 

correlations (the P - value, based on the t-test), calculated utilizing the number of events (N) 

and correlation coefficient R. If P ≥ 0.05 (or P ≥ 5%), the correlation coefficient does not 

significantly differ from zero. It turns out that most of the flare-CME correlations are 

significant for correlation co-efficient larger than ~0.3. For lower correlation coefficient 

values, flare-CME correlations are not significant.  
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3.2.3. Relationship between flare duration and CME parameters 

 For all the limb events, we analysed the relationship between the flare duration and 

rising time and the CME speed and angular width for both solar cycles. We found that there 

is only a very weak relation between these parameters (figures are not shown here). However, 

we found some differences in these relationships for the set of M+X class associated events 

(Fig. 6). These plots show better relations for Solar Cycle 23 (R = 0.3 to 0.5) than for the 

cycle 24 (R = 0.06 to 0.3). For the considered samples, the correlation coefficients and their 

significance are compared in Table 2. Inspecting the table, one finds that for the set of M+X 

class events the correlations in Solar Cycle 24 is not significant, whereas in cycle 23 the 

correlations are statistically significant.  

 Additionally, we checked the coefficients using square-law relationship of the form 

y=ax
2
+bx+c, for the plots in Fig.6 and found a slight increase in the correlation coefficients 

for several relations (see the bracketed values in Table 2). The square-law relationship 

indicates that, as the flare duration grows to a certain value, the CME velocity and angular 

width decrease, but then, for larger flare durations, these CME characteristics start to increase 

with the duration. This approximation shows that the relationship between CME parameters 

and flare duration in 23
rd

 solar cycle (R > 50%) is better than that in 24
th

 solar cycle             

(R< 30%). The correlations with the rise time are similar for both cycles.  

Table 2: Comparison of correlation coefficient of determination using linear (quadratic) fitting in Solar 

Cycles 23 and 24.  

For all the events 

Cycle 23 Cycle 24 

Correlation 

coefficient  

Correlation 

significance 

Correlation 

coefficient 

Correlation 

significance 

Flare flux vs CME speed 0.60 ~0.00 0.68 ~0.00 

Flare flux vs CME angular width 0.50 ~0.00 0.55 ~0.00 

Flare flux vs CME deceleration -0.18 0.80 -0.82 ~0.00 

Flare duration vs CME angular width 0.31 ~0.00 0.22 0.04 

Flare duration vs CME speed 0.45 ~0.00 0.29 ~0.00 

Flare rising time vs CME angular width 0.29 ~0.00 0.03 0.79 

Flare rising time vs CME speed 0.46 ~0.00 0.27 ~0.00 

For M and X class events 

 Flare flux vs CME speed  0.72 ~0.00 0.65 ~0.00 

Flare flux vs CME angular width 0.46 ~0.00 0.35 0.09 

Flare flux vs CME deceleration -0.49 0.06 -0.86 ~0.00 

Flare duration vs CME angular width 0.39 (0.52) 0.02 0.06 (0.17) 0.78 

Flare duration vs CME speed 0.49 (0.55) ~0.00 0.24 (0.27) 0.19 

Flare rising time vs CME angular width 0.27 (0.27) 0.12 0.09 (0.30) 0.68 

Flare rising time vs CME speed 0.48 (0.48) ~0.00 0.29 (0.47) 0.11 
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Fig. 6. CME - flare relation for M+X flare class events only, 23rd solar cycle (left column) and 24th solar cycle (right column).  

Correlation coefficient values for linear (quadratic) fitting are given in the plots. 
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Also, we recalculated the flare end time using flare peak flux divided by Euler 

number (2.718). We found the flare end time using this method and the resultant flare 

duration values are increased. For 23rd and 24th Solar Cycle events, we obtained 

correlation coefficient between flare duration calculated with divisor 2.718 and CME 

speed/angular width as R=0.37/0.18 and R=0.25/0.06, respectively. From the results we 

concluded that there is a slightly better relationship between flare duration and CME 

speed/angular width for the 23
rd

 Solar Cycle (plots are not shown here).  

4. Conclusion 

 We investigated the properties of CMEs and flares and flare-CME relationship during 

the rising phase of Solar Cycles 23 [1996 May - 2002 June] and 24 [2008 December - 2014 

December] using a set of events obtained from online CME catalogue observed by 

SOHO/LASCO and X-ray flares observed by GOES. We selected a sample of limb events 

(longitude = 70° - 85°) using the flare location data. Totally, 129 flare-CME pairs from Solar 

Cycle 23 and 92 flare-CME pairs from Solar Cycle 24 are selected using certain temporal and 

spatial criteria. The CME properties (speed, angular width and deceleration) and flares (rising 

time and duration), and relationships between them have been analysed, to check for possible 

differences between the two cycles. Next, we repeated the analysis considering only the 

events associated with M+X class flares (40 and 31 flare-CME pairs in cycles 23 and 24, 

respectively). The results we summarize as follows.  

(i) The mean values of all CME and flare parameters are nearly same in the two cycles, 

except for the angular width of CMEs associated with M+X flares (Table 1).  

(ii) The relationship between the flare SXR flux and CME deceleration is apparently different 

in the two cycles, but when we removed the X-class flare from the list of events, the 

correlation become weaker and similar for both cycles; 

 (iii) A difference in the relationship between flare SXR flux and CME deceleration might be 

also attributed to a larger number of X-class flares in Solar Cycle 24; 

(iv) When the events associated with M+X class flares are considered separately, correlations 

between flare rise time and duration and the CME parameters are slightly better for cycle 23 

than cycle 24 (Table 2). The above results can be attributed to the anomalous expansion of 

CMEs in the 24
th

 solar cycle (Gopalswamy et al., 2014). 
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