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Abstract. Using data from the international flare pa-

trol for 1972–2010, we have formed an electronic data-
base for more than 123 thousand solar flares. We deter-
mined the mean brightness rise time (flash phase) for 
flare area classes and importance. We show that the 
mean flash phase increased with increasing area class. 
For brightness classes this trend is less pronounced. We 
have found that flares with explosive phase and flares 
with one brilliant point have the shortest flash phases; 
two-ribbon flares and flares with several intensity max-
ima, the longest ones. We have separated 572 cases 
when the brightness rise time was more than 60 min; 

80 % of such ultra-long flares have a shorter brightness 
decay time (main phase). We have established that low-
power flares in terms of developmental features do not 
differ from large flares. Low-power solar flares, as well 
as large flares, can be followed by filament activation or 
disappearance, and can have an explosive phase and 
several intensity maxima. Two-ribbon flares, white-light 
flares, and flares covering sunspot umbra can also have 
low power. 
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INTRODUCTION 

Time parameters of solar flares in the Hα line have 
been examined in detail during formation years of the in-
ternational flare patrol in the comprehensive research into 
global geophysical processes under international programs 
of the International Geophysical Year (IGY). The results 
have shown that flares tend to develop in two stages: initial 
(flash phase) and main phase. During the flash phase, flare 
brightness rises for several tens of seconds or tens of 
minutes (in some cases, for one hour). In the second (main) 
phase, it gradually decreases and within about one hour 
becomes as low as the plage brightness (in some cases, this 
may continue for days). A detailed analysis of time param-
eters of flares can be found in [Smith G., Smith E., 1966; 
Švestka, 1976; Altyntsev et al., 1982]. 

The flash phase is the most important period of the 
primary energy release from solar flares. It is attended 
with hard X-rays and gamma rays, microwave radio 
bursts, radiation in chromospheric lines, continuum, 
ultraviolet, and extreme ultraviolet [Fletcher et al., 
2011]. The most advanced solar flare model (CSHKP) 
available, which combines different observational and 
theoretical concepts [Sturrock, 1966; Hirayama, 1974; 
Kopp, Pneuman, 1976], suggests that the onset of flares 
and the rapid release of the energy stored in a magnetic 
field occur in the corona due to magnetic reconnection. 
From a coronal source, the energy is transferred along 
magnetic flux tubes to the chromosphere, where it ap-
pears as flare ribbons and footpoints in hard X-rays.  

This paper deals with the duration of flash phases of 
solar flares in the Ha line. Special attention is given to 
low-power flares with an area of less than 2 sq. deg., 
which constitute the majority (over 90 %) of all solar 
flares [Borovik, Zhdanov, 2017]. Some studies carried 
out over the past two decades are presented in [Temmer 
et al., 2001; Giersch, 2013; Potzi et al., 2014]. The re-
sults of earlier studies have been obtained from relatively 

small data samples, mainly using the first international 
classification of solar flares of 1956, and therefore need 
clarifying. 

 
DATABASE AND ITS ANALYSIS 

Observations in the optical wavelength range due 
to its critical importance for diagnostics and predic-
tion of nonstationary processes on the Sun have been 
made by observatories of the world for many years. 
According to the modern international classification, 
Hα flares fall into five classes of area: S, 1, 2, 3, and 
4. Each area class, in turn, is divided into three 
brightness classes: F (faint), N (normal), and B 
(bright). Optical importance is assigned to a flare, 
having regard to these two parameters. Nowadays, 
the most comprehensive databases of solar flares in 
the Ha line (6563 Å) are catalogs of Solar Geophysical 
Data (SGD) and Quarterly Bulletin on Solar Activity. 
According to the current international classification, 
SGD provides data from 1975 to 2010; the Quarterly 
Bulletin, from 1972 to 1989. To use the maximum pos-
sible amount of data for the statistical analysis, SGD 
catalogs have been supplemented with flare data from 
the Quarterly Bulletin for 1972–1975. Software-based 
methods have been used to correct errors, misprints and 
inaccuracies. Duplication of the same events has been 
eliminated. The cases when stations did not report on 
brightness and area classes, time of onset, maximum, 
and end of a flare, etc. have been taken into account. As 
a result, we have formed an electronic database for 
1972–2010, which contains parameters of 123 801 solar 
flares; 110 778 of them are low power, 11 280 belong to 
class 1, and 1743 have class 2 or higher. 

As noted by many authors [Abramenko et al., 1960; 
Warwick, 1965; Smith G., Smith E., 1966 Kopetskaya, 
Kopetsky, 1971; Ward et al., 1973; Rossada, 1977; Bo-
rovik, Zhdanov, 2017], international flare patrol data 
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suffer from certain heterogeneity. In particular, the time 
of onset, maximum, and end of a flare may differ in 
group reports of different stations. This is due to the fact 
that the onset of a flare is usually determined with fairly 
high confidence. The time when the flare peaks or com-
pletely ends is difficult to determine: some areas fade 
quickly, others continue to "burn" for a long time. To 
estimate the variance of the rise time, we find standard 
deviations σ in group reports from the stations: 

 
First, from these groups we exclude summarized data 

obtained visually and under poor observation conditions 
as well as reports with letter qualifiers (D, E, U, and *). 
The obtained σ values are then averaged over importance 
and area classes of flares. The mean values ( 𝜎𝜎�) are listed 
in Table 1 (Ngr is the number of the analyzed groups). 

Table 1 
σ  as a function of flare importance and area class 

 Ngr  
SF 8433 2.2 
SN 2991 2.4 
SB 699 2.5 
1F 161 2.9 
1N 469 3.6 
1B 395 3.4 

(2–4)F 13 4.3 
(2–4)N 65 3.5 
(2–4)B 161 4.9 

S 16352 2.5 
1 1697 3.7 

2–4 359 4.5 
The results suggest that as area class and importance 

increase σ  gradually increases from 2.2 to 4.9 min. To 
reduce the variance, large data samples or observations 
from a single station are usually utilized. In this work, 
we have implemented both the approaches. 

 
BRIGHTNESS RISE TIME 
ACCORDING TO DATA  
FROM ALL STATIONS 

For the statistical analysis, as in estimating the vari-
ance, from the database we have excluded the flares 
whose parameters are assessed visually, have poor ob-
servation conditions, and are marked with classifiers of 
uncertainty. Because of possible errors in identifying the 
flare importance near the solar limb, we omit class S 
and 1 solar flares that occur 65° farther from the central 
meridian. For large flares (2–4), this restriction is not 
imposed. It is to be supposed that the area class for such 
flares should be easy to determine. 

We abandon the use of summarized data in group re-
ports. After applying all selection criteria, we select the 
station that has the greatest number of reports in the data-
base. As a result of the selection, the total number of flares 
decreases to 84 628. For them, the distribution by bright-
ness rise time (in percent of the total number of flares with 

increment of 1 min) is illustrated in Figure 1. A vertical 
dashed line indicates the position of the median. The tail of 
the distribution is scaled up (axis at the right). 

The distribution is rather asymmetric with a long 
tail. The rise time in some flares exceeds 240 min (not 
shown in the Figure). To assess more precisely the main 
statistical parameters of the distribution, its range is 
limited to 141 min – the time when the distribution con-
tinuity is disrupted. The unaccounted flares (27) amount 
to 0.03 %. Hereinafter, all calculations of the statistical 
parameters are made only within this range. To give 
more statistical significance to large flares, we combine 
class 2, 3, and 4 flares into group (2–4). 

Figures 2–4 show distributions of brightness rise 
time for individual importance and area classes. 

All the distributions exhibit a pronounced positive 
asymmetry – a pronounced maximum followed by an 
extended decrease. Additional peaks occurring in high-
importance flares (Figure 4) are due most likely to a 
small amount of data. Table 2 lists statistical parameters 
of the distributions: number of flares N of each im-
portance and area class, mean brightness rise time t  
with a confidence interval α, modal and median distri-
bution parameters (Mo, Me), time intervals Δt for 90 % 
of flares. All time parameters are given in minutes. 

 
where t  is the mean rise time, Ω is Student's coeffi-
cient (1.96), P is the confidence coefficient (95 %), n is 
the amount of data. 

The statistical parameters of flares as a function of 
area class are shown in Figure 5. 

The results indicate that as importance and area class 
increase, so do the statistical parameters of flares. The 
mean duration of the flash phase increases from 4.6 to 
16 min, modal times shift from 1 to 6 min; median ones, 
from 3 to 10 min. Time intervals for 90 % of flares also 
increase. A similar trend is observed for flare brightness 
characteristics (Tables 2 and 3), although it is not clear-
ly defined. The conclusion drawn by Borovik, Zhdanov 
[2017] also finds its confirmation: with increasing area 
class, the number of flares is redistributed toward in-
creasing brightness class (see Table 2). 

Table 2 
Statistical parameters of solar flares as a function of im-

portance and area class 

 N  Mo Me Δt 
SF 55065 4.6±0.1 1 3 1–10 
SN 18101 5.4±0.1 2 3 1–12 
SB 3819 5.9±0.3 2 3 1–13 
1F 1919 10.5±0.6 4 6 1–25 
1N 2847 10.6±0.5 3 6 1–24 
1B 1569 10.8±0.7 3 6 1–23 
(2–4)F 167 14.5±2.6 4 10 1–31 
(2–4)N 450 16.0±1.6 4 10 1–34 
(2–4)B 664 15.5±1.3 6 10 1–34 
S 76985 4.9±0.1 1 3 1–11 
1 1281 10.6±0.3 4 6 1–24 
2–4 1303 15.6±0.9 4 10 1–34 
∑ 84601 5.5±0.1 1 3 1–12 
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Table 3 

Statistical parameters of solar flares as a function of brightness class 

Brightness N  Mo Me Δt 
F 69306 4.8±0.1 1 3 1–11 
N 25907 6.3±0.1 2 4 1–14 
B 7098 8.0±0.3 2 4 1–19 

 
Figure 1. Distribution of solar flares by brightness rise time 

 

 
Figure2. Brightness rise time distribution of for class S flares 
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Figure 3. Brightness rise time distribution for class 1 flares  
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Figure 4. Brightness rise time distribution for class 2–4 flares 
 

BRIGHTNESS RISE TIME 
AS DERIVED FROM  
HOLL, LEAR, RAMY DATA 

To confirm the results, we conduct a similar analysis 
of data from HOLL (Holloman Solar Observatory, Air 
Force Base, New Mexico, USA), LEAR (Learmonth 
Solar Observatory, Australia), and RAMY (Ramey So-
lar Observatory, Puerto Rico). 

The number of flares is shown in Table 4. 
According to data from the three observatories, rise 

times for low-power flares differ slightly. For flares of 
higher area classes, they diverge within the range small-
er than σ  (Figure 6, a). 

For flare importance (Figure 6, b) due to insuffi-
ciently high statistical significance of the data (especial-
ly for large flares) the differences are larger. Neverthe-
less, the rise time increase with increasing importance 
and area class is quite well defined. 

Summarizing the above results, we can draw the fol-
lowing conclusions: 
• Using extensive statistical material, we have con-
firmed the tendency of the brightness rise time to in-

crease with increasing importance and area class of 
flares.  

• We have obtained reliable values of the mean du-
ration of the flash phase for different importance and 
area classes of solar flares (Tables 2 and 5, Column III). 

Note that the smaller amount of data we utilize for 
the statistical analysis as compared to that in [Temmer 
et al., 2001] results from the use of a more rigid ap-
proach to the selection of solar flares. 

 
DURATION OF FLASH PHASE 
FOR FLARES OF  
INDIVIDUAL TYPES 

While the tendency for an increase in the rise time 
with area class is fairly pronounced, there is, in fact, 
virtually no direct functional connection with the area 
of flares. The correlation coefficient is less than 0.2. 
Low-power flares exhibit especially significant scatter-
ing of data. Figure 7, a demonstrates a fairly strong 
mutual overlap of distributions such that 99 % of low-
power flares and 95 % of class 1 flares fall into the 
time interval for 90 % of high-power flares (Δt=1–34 
min) (Figure 7 , b). 
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Figure 5. Statistical parameters of solar flares as a func-

tion of increasing area class 
Table 4 

The number of flares of different importance and area 
classes according to HOLL, LEAR, and RAMY data 

 all 
stations 

HOLL LEAR RAMY 

SF 55065 14223 11815 8347 
SN 18101 2569 1639 1970 
SB 3819 973 341 840 
1F 1919 326 454 175 
1N 2847 419 447 199 
1B 1569 368 251 201 
(2–4)F 167 27 35 9 
(2–4)N 450 60 78 29 
(2–4)B 664 164 155 86 
S 76985 17765 13795 11157 
1 6335 1113 1152 575 
2–4 1281 251 268 124 
∑ 84601 19129 15215 11856 

To determine the reason for the tendency of t  to in-
crease, we statistically analyze the brightness rise time 
for flares of individual types. Stations report on some 
features of flares in the form of remarks. The system of 
remarks introduced by the international solar patrol 
generally characterizes the type of a flare, its attendant 
events, generating area, size of the active region, etc. (a 
total of 26). The most important ones are discussed below. 

• D – Brilliant point; 
• E – Two or more brilliant points; 
• G – No visible spots nearby (spotless flares); 
• H – Flare accompanied by high-speed dark fila-

ment; 
• K – Several intensity maxima; 
• L – Existing filaments suddenly active; 
• M – White-light flare; 
• R – Asymmetry in Hα line suggests high-speed 

mass ejection; 

• S – Brightness followed filament disappearance 
in the same position; 

• U – Two bright branches, parallel or converging 
(two-ribbon flare); 

• V – Considerable expansion for about 1 min that 
often includes a significant intensity increase; 

• W – Great area increase after time of maximum 
brightness; 

• Z – Major sunspot umbra covered by flare. 
Stations generally report on one or two features and 

very rarely on three–five. The frequency of their occur-
rence among flares of different area classes is shown in 
Figure 8. To analyze the frequency characteristics, we 
use only longitude limitations and exclude visual data. 

Referring to the histogram, the above features can be 
found in almost all flares, regardless of their area class.  

This suggests that low-power flares in terms of fea-
tures of development do not differ from large flares. 
They, as well as powerful flares, occur with filament 
activation and disappearance (L, S, H), cover sunspot 
umbra in active regions (Z), may have an explosive 
phase (V) and several intensity maxima (K). Among 
them are two-ribbon (U) and spotless (G) flares. Even 
very rarely observed white-light flares (M) accompanied 
by powerful hard X-rays and microwave radiation may 
have very low optical importance in the Hα line. 

Unfortunately, because stations often do not report 
on features of flare development, we managed to ana-
lyze only those types of flares whose statistical signifi-
cance is great enough, i.e. V, K, U, G, H, D, E flares. 

The statistical parameters obtained for these flares 
are listed in Table 6. As for all flares, we do not consid-
er data acquired visually and under poor observation 
conditions, as well as class S and 1 flares with heliolon-
gitudes more than 65° E and 65° W. 

The data in Table 6 and Figure 9 show that explo-
sive type flares (V) and flares with one brilliant point 
(D) have the shortest flash phases. Two-ribbon flares 
and K flares with several intensity maxima have the 
longest ones. 

Spatial and temporal features of frequency charac-
teristics of flares suggest that explosive type flares (V) 
often occur in places of filament disappearance (S). In 
many cases, there is one brilliant point (D) in the flare 
region. Unlike V flares, K flares whose light curves 
display several intensity maxima have a wider range of 
features. Among them is a higher percentage of two-
ribbon flares (U), flares with several brilliant points in a 
flare region (E), flares covering umbrae of large sun-
spots (Z). These features can partially explain the fact 
that the mean rise time of V flares is 2.8–2.1 times 
shorter than that of K flares. Also, in V flares, distribu-
tion medians are 2.0–2.4 times smaller and time inter-
vals are 3.3–1.7 times shorter for 90 % of flares. 

The rise time seems to be connected with the num-
ber of brilliant points in the flare region (D, E). The 
mean rise time in D flares is shorter than that in E flares. 
A distinctive feature of D flares is that they show their 
explosive nature (V) more often than E flares. Among 
them, K and U flares are rarer. 
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Table 5 

Statistical parameters of solar flares as a function of area class 

 Number Mean Mode Median 
I II III I II III I II III I II III 

S 2660 85649 76985 5.7 – 4.9 <2 – 1 – 3 3 
1 211 9176 6335 10.1 – 10.6 5 – 4 – 5 6 
2 88 1014 1156 15.5 – 15.1 4 – 4 – – 10 
3 – 101 115 – – 21.2 – – 6 – – 17 

2–4 – 1120 1281 – – 15.6 – – 4 – 8 10 
∑ 2959 95945 84601 – 5.1 5.5 – 1 1 – 3 3 
Note: Column I shows the results obtained by Smith G., Smith E. [1966]; Column II, by Temmer et al. [2001]; Column III 

presents our results. 

Table 6 
Statistical parameters of solar flares of various types as a function of area class 

 class S class 1 classes 2–4 
type N  Mo Me Δt N  Mo Me Δt N  Mo Me Δt 
V  2761 3.9±0.2 2 3 1–8 270 8.0±1.2 3 5 1–18 50 12.0±3.1 4 8 1–31 
D  3290 4.0±0.2 2 3 1–8 218 7.5±1.3 2 4 1–19 31 13.6±6.1 3 7 1–28 
H 2355 5.1±0.3 1 3 1–11 434 9.4±1.1 3 6 1–20 128 15.6±3.4 4 8 1–38 
G  484 5.8±0.5 3 4 1–12 68 9.2±2.2 4 5 1–22 6 15.3±5.8 7 12 1–23 
E 6858 6.0±0.2 2 4 1–12 1501 9.7±0.6 2 6 1–21 233 14.4±2.0 4 10 1–31 
U 570 7.6±0.8 2 4 1–17 429 13.2±1.5 2 8 1–28 229 19.7±2.5 5 15 1–40 
K 1027 10.9±0.8 2 6 1–26 309 19.5±2.5 3 11 1–46 97 25.0±4.7 6 19 1–51 
 76985 4.9±0.1 1 3 1–11 6335 10.6±0.3 4 6 1–24 1281 15.6±0.9 4 10 1–34 

Note: The last row lists statistical parameters for all flares. 
 

 
Figure 6. Variation in the mean brightness rise time with increasing area class (a) and importance (b) according to HOLL, 

LEAR, and RAMY data. Vertical lines indicate σ  scattering intervals  

 
Figure 7. Distribution (a) of class S, 1 and 2–4 flares by the brightness rise time (solid line shows class S flares; dashed line, 

class 1 flares; dotted line, class 2–4 flares). The distribution's tails are scaled up (right axis); curves of cumulative frequencies of 
class S, 1, and 2–4 flares (b). Table gives time intervals for 50 and 90 % of flares 
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The rise time of U flares far exceeds the average 

time for all flares. They most often occur in active re-
gion, but can also be observed outside sunspots (G), are 
accompanied by filament activation (L) and high-speed 
dark filaments (H). A high percentage of two-ribbon 
flares are Z flares. U flares may have several intensity 
maxima (K) and generally have several brilliant points 
in the flare region. As has been found in [Švestka et al., 
1982], the brightest regions of flare ribbons are associ-
ated with footpoints of X-ray loops. 

Among flares of the types considered, the parame-
ters of H flares, followed by a high-speed dark filament, 
occupy a middle position, but are closer to the parame-
ters of all flares. Their range of features is fairly wide. 
Such flares occur both in active regions with sunspots 
and outside sunspots (G), and can be seen among D and 
E flares. Among them are U, L, and K flares. 

They most often appear in places of filament disap-
pearance (Figure 10, a). In the Figure, Column V indi-
cates the percentage of flares without additional features 
reported, as does Column U in Figure 10, b.  

Unlike V flares, two-ribbon flares generally have 
two or more brilliant points. During their development, 
they often exhibit several intensity increases. This suggests 

 
Figure 8. Frequency of occurrence of class S, 1 and 2–4 

flares of different types. The number of flares is 20 025, 3701, 
and 902 respectively 

 

that the physical nature of V flares differs from the na-
ture of two-ribbon flares whose mechanism of occur-
rence is described by the CSHKP model. 

They are most likely to be related to the so-called 
Hyder flares, which, according to Hyder's gravity mod-
el, may arise from the fall (return) of the eruptive prom-
inence from the corona to the chromosphere [Hyder, 
1967]. 

The analysis allows the following conclusions to be 
drawn: 

• The mean brightness rise time comprises flash 
phases of flares of different types, the brightness rise 
times of which differ significantly. 

• We can assume that, since the percentage of 
flares of different types and classes varies with solar 
cycle phase, the mean brightness rise time varies as 
well: decreases by minimum and increases by maximum 
solar activity. 

 
Figure 9. Distributions of mean rise time by area classes 

for flares of individual types. Histograms are plotted in as-
cending order of t  

 

 

 
Figure 10. Features of development of explosive type flares (a) and two-ribbon flares (b) 
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ULTRA-LONG FLASH PHASES 
OF SOLAR FLARES 

From different sources it follows that the flash phase 
of solar flares usually lasts no more than one hour. 
There are, however, cases when it lasts much longer 
(more than 60 min). Over the period of interest, 572 
such flares (Table 7) have been detected. 

Table 7 
Statistical parameters of ultra-long solar flares as a func-

tion of area class 

 N N, %  Me Δt L 
S 326 57.0 87.5±4.1 74 1–121 346 
1 177 30.9 91.4±6.5 77 1–140 349 
2–4 69 12.1 92.4±7.9 80 1–135 214 
∑ 572 100 89.3±3.2 76 1–125 349 

 
The obtained data show that ultra-long flash phases 

occur in flares of almost all classes. Most of them are 
low-power flares. The mean brightness rise time for 
each area class is roughly the same (90 min). For 90 % 
of flares, it varies from 60 to 140 min. The maximum 
brightness rise time (L distribution range) for class S 
flares is 346 min; for class 1 flares, 349 min; for large 
flares, 214 min. About 80 % of ultra-long flares feature 
a shorter main phase. The mean relative duration is 
0.67. There is in fact no tendency of the rise time to 
increase with increasing class of area for such flares. 

 
CONCLUSIONS 

The results of the statistical analysis allow the fol-
lowing conclusions to be drawn: 

1. We have confirmed the tendency of brightness 
rise time to increase with increasing area class [Smith G., 
Smith E., 1966; Temmer et al., 2001]. Using extensive 
statistical material, we have first obtained the most 
complete and reliable values of the mean duration of the 
flash phase for solar flares of different importance and 
area classes. We have shown that with a pronounced 
tendency there is no direct functional relationship be-
tween the rise time and area of flares. 

2. We have established that the rise time depends on 
the type of flares and features of their development. We 
have first obtained values of the mean duration of the 
flash phase for flares of seven types. Explosive type 
flares and flares with one brilliant point in the flare re-
gion have the shortest flash phases. Two-ribbon flares 
and flares with several intensity maxima have the long-
est flash phases. Flares of the types considered, as well 
as all flares, have a tendency of the rise time to increase 
with increasing area class. 

3. We have found that almost all two-ribbon flares 
have several brilliant points. A considerable part of 
medium- and high-power two-ribbon flares features 
several intensity maxima; a flare often covers a sun-
spot umbra. Many explosive type flares occur in places 
of filament disappearance. Most often these are flares 
with one brilliant point in the flare region. This may 
suggest that these flares differ in their physical nature. 

4. We have identified 572 cases when the duration 
of flash phases was over 60 min. About 80 % of these 
flares feature a shorter main phase. The mean relative 
duration of the flash phase is 0.67. There is no tendency 
of the rise time to increase with increasing area class. 

5. We have established that low-power flares, which 
constitute the majority of solar flares (more than 90 %), 
in terms of features of development do not differ from 
powerful solar flares. They, as well as large flares, are 
accompanied by filament activation and disappearance, 
have an explosive phase and several intensity maxima. 
Among them are two-ribbon flares, flares covering sun-
spot umbra, white-light flares. 

6. Basing on these facts, we can assume that the 
mean brightness rise times comprising flash phases of 
flares of individual types depend on solar cycle phase: 
decrease by minimum and increase by maximum solar 
activity. 

The work was performed with budgetary funding of 
Basic Research program II.16 No. 1.6. 
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