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1 Introduction  24 

According to several studies about the lightning climatology around the Earth, the Congo 25 

Basin is considered as the most active region with either a large maximum or two distinct 26 

ones (Christian et al., 2003; Albrecht et al., 2011, 2016, Cecil et al., 2014, Soula et al., 2016). 27 

Actually, the features of the maximum area depend on the space resolution considered in the 28 

calculation of the flash density and the scale resolution in the graphic representation. For 29 

instance, Cecil et al. (2014) provided two maps of the lightning density from Lightning 30 

Imaging Sensor (LIS) and Optical Transient Detector (OTD) data with different resolutions, 31 

9 Abstract. A comparison of the lightning activity in the two most active areas (Area_max for 

10 the main maximum and Area_sec for the secondary maximum) in the Congo Basin is made 

11 with data obtained by the WWLLN during 2012 and 2013. Both areas of same size (5° × 5°) 

12 exhibit flash counts in a ratio of about 1.32 for both years and very different distributions of 

13 the flash density with maximum in a ratio of 1.941 and 2.585 for 2012 and 2013, respectively. 

14 The diurnal cycle is much more pronounced in Area_max than in Area_sec with a ratio 

15 between the maximum and the minimum of 15.4 and 4.7, respectively. However, the 

16 minimum and maximum of the hourly flash rates are observed roughly at the same time in 

17 both areas, between 07:00 and 09:00 UTC and between 16:00 and 17:00 UTC, respectively. 

18 In Area_sec the number of days with very low activity (0-1000 flashes per day) is very large 

19 (164 days) and that with larger activity decreases very rapidly. In Area_max the number of 

20 day decreases more slowly and is larger for most of levels of lightning activity. The 

21 correlation at the daily scale between the lightning activity in Area_max and that in Area_sec 

22 is weak but positive. In summary, the thunderstorm activity in Area_sec is more variable at 

23 different scales of time (monthly and daily), in intensity and in location. 
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0.5° and 2.5° and a scale with a larger dynamic for large values. With a 0.5° resolution two 32 

maxima are distinguished in the region of Congo Basin and only one with a 2.5° resolution. 33 

Two separated maximums are also visible in the study by Christian et al. (2003) with a 34 

resolution of 0.5° and a non linear scale of density. However, in the latter study, both 35 

maximums do not remain along the year by considering the lightning activity at the scale of 36 

the 3-month season. Recently, Soula et al. (2016) showed a very sharp and localized 37 

maximum in the annual and seasonal lightning density in eastern Democratic Republic of 38 

Congo (DRC) from World Wide Lightning Location Network (WWLLN) data with a 0.1° 39 

resolution and a linear scale. In this study, a secondary maximum was also highlighted west of 40 

the main maximum, especially during the first part of the 9-year period of study. This 41 

secondary maximum was less pronounced and more scattered in a large area. In this study the 42 

region of maximum could be analyzed in detail because the linear scale of density values was 43 

better adapted for large values compared to previous studies. Recently, Albrecht et al. (2016) 44 

classified the most active regions of the world in terms of lightning activity by using LIS data 45 

at a resolution of 0.1°. The existence of two regions of maximum was also displayed but the 46 

non linear scale did not allow a quantitative comparison of the maximum values. However, 47 

they considered the locations of the first ten lightning hotspots over the whole African 48 

continent and they showed most of them including the strongest ones are located in DRC. 49 

The results of Soula et al. (2016) provided the following characteristics. The main 50 

maximum flash density is observed every year in one small region of the DRC, at about 28°E 51 

and between 1°S and 2°S. This maximum is embedded within a region of large values of 52 

lightning flash density strongly contrasting with the whole study area. The extension of this 53 

region is approximately 300 km north-south and 200 km east-west. It is located in the area 54 

where many authors identified the maximum of the planetary lightning activity, as Christian 55 

et al. (2003) who falsely attributed it to Rwanda, Cecil et al. (2014) and Albrecht et al. (2011). 56 

The high space resolution and the linear scale used in Soula et al. (2016) allowed to better 57 

localize it and specify its shape and amplitude characteristics. In addition, the maximum 58 

number of days with thunderstorms has been found in the same area (189 days of storms in 59 

2013) as the average number of flashes per day of storms (approximately 8 flashes per day). 60 

Another area of large flash density considered as a secondary maximum was pointed out in 61 

Soula et al. (2016). This area was broader but less contrasted from year to year during the 62 

period of the study. It roughly extends from the centre of DRC to Congo to the west and to 63 

Angola to the south.   64 
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The goal of this study is to compare the characteristics of lightning activity in the two areas 65 

of maximum. The second section describes the data and the methodology used, the third 66 

section presents the results from several comparisons, and the fourth section is devoted to a 67 

discussion. 68 

2 Data and methodology 69 

By following the study by Soula et al. (2016), we define two areas of equal dimension, one 70 

for the main maximum considered as “Area_max” and the other for the secondary maximum 71 

considered as “Area_sec”. They are identified by latitude and longitude values in the 72 

following intervals: 73 

  [25°E; 30°E] and [4°S; 1°N] for Area_max 74 

  [18°E; 23°E] and [4°S; 1°N] for Area_sec 75 

We use data from the WWLLN collected during 2012 and 2013. According to the 76 

continuous increase of the detection efficiency from 2005 to 2013 observed by Soula et al. 77 

(2016) in the total domain of the study, we select the two last years of the period for a 78 

comparison between both areas Area_max and Area_sec.  79 

The WWLLN (www.wwlln.net/) is a global lightning detection network around the Earth. 80 

The electromagnetic radiations emitted by lightning strokes at very low frequency (VLF) and 81 

called sferics are detected by the sensors of the WWLLN. These strokes are then localized by 82 

using the time of group arrival technique (TOGA) (Dowden et al., 2002). The stations can be 83 

separated by thousands of km because the VLF frequencies can propagate within the Earth-84 

Ionosphere wave guide with very little attenuation. Since its implantation in March 2003, the 85 

WWLLN has been improved in terms of number of stations and development of the 86 

processing algorithm (Rodger et al., 2008). In 2014, it had more than 60 sensors spread on the 87 

planet (Soula et al., 2016).  88 

3 Results  89 

3.1 Spatial distribution of the lightning activity  90 

Figure 1a-b shows the lightning density, in flash km-2, calculated with a resolution of 0.05° 91 

from WWLLN data in the large domain of Congo Basin for 2012 and 2013, respectively. 92 

Figure 1c-d shows the number of days of the year with thunderstorm activity in the same 93 

domain with a same resolution for 2012 and 2013, respectively. The white frames indicate the 94 
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two areas with strong activity (left Area_sec and right Area_max). Table 1 displays the count 95 

of flashes, the maximum value of the density for both areas and each year. Both areas of same 96 

size (5° × 5°) exhibit flash counts in a ratio of about 1.32 for both years, which indicates an 97 

almost stable from one year to the other. On the contrary, the ratio of the maximum flash 98 

density is very different from one year to the other, since it is 1.941 and 2.585 for 2012 and 99 

2013, respectively. This difference can be easily understood since the maximum value is very 100 

local and can change substantially from one year to the other, and furthermore the space 101 

resolution used in the study is very high, with a value of 0.05°. The maximum value of the 102 

density depends on the space resolution, in the sense that it increases when the resolution 103 

becomes higher. By comparing with the values reported by Soula et al. (2016) for a resolution 104 

of 0.1°, it is clear that the maximum of the density is larger for 0.05°. Thus it rises from 12.86 105 

to 15.33 flashes km-2 for 2013 and from 8.22 to 8.62 flashes km-2 for 2012. On the other hand, 106 

the maximum number of stormy days is lower with the resolution of 0.05°, from 189 to 125 107 

days for 2013 and from 167 to 99 days for 2012.  108 

The difference between the distributions in the two areas appears also clearly regarding both 109 

lightning density and number of days of the year with lightning activity in Figure 1. Indeed, 110 

the highest values of both parameters are located in the same region of the 5° × 5° frame for 111 

Area_max while they are much more scattered in the frame for Area_sec. The contrast 112 

between both areas is stronger for the lightning density compared to the number of day with 113 

thunderstorm, which means the number of flash par day with thunderstorm is larger for 114 

Area_max. It means that the storms in Area_max are more active and/or more stationary, 115 

and/or more numerous. The differences observed in the maximum values and the distributions 116 

of the lightning density indicate specific and local conditions for the thunderstorm 117 

development in Area_max. These conditions are the presence of a mountain range that 118 

exceeds 3000 meters (28.75°E; 1.5-2.2°S), on one side of which the lightning density 119 

markedly increases, and the presence of the lake Kivu (29.2°E; 1.9°S) above which the 120 

lightning density increases. No specific shape of the lightning density or stormy day is visible 121 

in Area_sec. 122 

3.2 Diurnal activity  123 

Figure 2 shows the daily cycle of the amounts of flashes detected by WWLLN in Area_max 124 

and Area_sec. These amounts are calculated over one hour and averaged over all days of 125 

2013. The time scale of the graph is made so that the amounts are associated to the beginning 126 

of the 1-hour period of calculation. Both areas exhibit the same type of evolution with a large 127 
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proportion of flashes during the afternoon. The minimum and maximum numbers of flashes 128 

are observed roughly at the same time in both areas, in the morning between 08:00 and 09:00 129 

UTC for Area_max and between 07:00 and 08:00 UTC for Area_sec, and in the afternoon 130 

between 16:00 and 17:00 UTC, respectively. But the contrast between the morning minimum 131 

and the afternoon maximum is stronger for Area_max (ratio of 15.4) than for Area_sec (ratio 132 

of 4.7). It means the diurnal cycle is much more pronounced in Area_max. Consequently, 133 

while the lightning rate is larger in Area_max for the main part of the day it is lower during a 134 

short interval between 06:00 and 10:00 UTC corresponding to the minimum activity in both 135 

areas.  136 

 3.3 Annual variability 137 

We compare the lightning activity in both areas in terms of daily distribution of the flashes 138 

detected during one year. The year of reference is 2013 with a total of 362 days available in 139 

the database. The flash count is performed day by day in each area and then the days are 140 

classified by range of flash numbers. Thus, Table 2 displays the result of the classification for 141 

each area over 12 classes of flash number. The incrementing of each class is done on 1,000 142 

flashes, from 1-1000 for CL1 to more than 10,000 for CL11. The first class CL0 corresponds 143 

to days without any flash detected. To make easier the interpretation of the results, they are 144 

also plotted in the graph of Figure 3.  145 

The number of days without any flash (CL0) is much larger for Area_sec than for 146 

Area_max (7 and 0, respectively). For CL1 corresponding to the lower flash numbers, the 147 

number of day is also larger for Area_sec, about two times that of Area_max, 157 and 84, 148 

respectively. On the contrary, the number of days for classes corresponding to intermediate 149 

flash numbers (CL2 to CL6, from 1,001 to 6,000 flashes per day) is significantly larger for 150 

Area_max for the cumulative number of days (248 against 168) and for each class considered 151 

separately. For the classes with very high activity (CL7 to CL11, more than 6,000 flashes per 152 

day) the number of days is small and not very different in both areas for each class and even 153 

equal for the cumulative number of days (30 days). 154 

3.4 Variability during periods of low and high activity  155 

By considering the lightning activity during a period of 9 years, Soula et al. (2016) pointed 156 

out a clearly low activity during three months June-July-August and a six-month period of 157 

high activity covering the months of January-March and October-December. We now 158 

investigate in each area, the daily flash number during these two distinct periods for 2013 159 
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defined as high activity period (HAP) including 179 days of data and low activity period 160 

(LAP) including 92 days of data. The result is presented in Table 3 and illustrated in Figure 4. 161 

During both periods the general trend is the same as for the annual variability obtained over 162 

362 days. The number of days with few lightning flashes (CL0-CL1) in Area_sec is twice that 163 

in Area_max for both periods. On the contrary, the number of days with intermediate amounts 164 

of lightning flashes (CL2-CL5) is larger in Area_max, also about in the same proportion for 165 

both periods. Finally, the number of days with a number of flashes exceeding 5000 flashes 166 

(CL6-CL11) is small and almost equal in both areas, for each period. In particular, during 167 

LAP it is one day at the more, as indicated in Table 3 and Figure 4. It is also to be noted that 168 

for each area, the ratio between the number of days during HAP and LAP is very strong from 169 

CL5 to CL7 (CL8 for Area_sec), with a maximum value of about 10 for CL6. During HAP, 170 

whatever the area considered, the proportion of the number of day characterized with a flash 171 

number lower than 5000 is about 83%, whereas during LAP, it is about 95%. 172 

3.5 Correlation between daily lightning activities     173 

In order to evaluate the simultaneity between lightning activity in Area_max and Area_sec, 174 

we display the graph of correlation between the daily lightning flash amounts for both areas 175 

and in 2013. These daily amounts are calculated in two ways, first by considering the calendar 176 

day (00h00 – 24h00 UT) and then according the daily cycle of lightning activity between two 177 

minimums (06h00 – 06h00 UT, see Figure 2). Figure 5 shows the result of this correlation 178 

study: (a) for the calendar days and (b) for the lightning cycle days. 179 

In the first case the correlation coefficient R is 0.34 and in the second case it is 0.25. Thus, 180 

the correlation is weak but positive, that is to say the tendency is that when the daily flash 181 

number increases for one area it also does for the other. At first glance, both distributions are 182 

similar. They reflect the trend highlighted by Figures 3 and 4 insofar as the low values (≤ 183 

1000 flashes) are more numerous in Area_sec. Inversely, the intermediate values are more 184 

numerous in Area_max with 230 days with flashes between 1,001 and 5,000 against 156 in 185 

Area_sec. For the values exceeding 10,000 flashes, there are 7 days for Area_max and 5 days 186 

for Area_sec in Figure 5a. In Figure 5b, these values are 6 and 8, respectively, which means 187 

there are more days with a large number of lightning flashes in Area_sec, by considering the 188 

daily cycle of the lightning activity. This observation is consistent with the fact that the 189 

lightning activity is more spread during the day in Area_sec as indicated in Figure 2. Thus, by 190 

considering the day according the lightning activity, the episodes of strong lightning activity 191 

in this area are less likely to be cut.  192 
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3.6 Monthly activity  193 

Figure 6 shows the monthly proportions of flashes detected in Area_max and Area_sec during 194 

2012 and 2013. The minimum proportion is found in August and in Area_sec (between 3 % 195 

and 4 %) for both years. The maximum proportion is also found in Area_sec in May for 2012 196 

(about 14%) and in December (about 14%) for 2013. These two characteristics show that the 197 

variability is always stronger in Area_sec than in Area_max although the distribution is 198 

different from 2012 to 2013 for both areas. For example, in April it is 6.1% and 11.3% for 199 

Area_max, 5.7% and 9.4% for Area_sec, in 2012 and 2013, respectively. Inversely in May, 200 

the proportion of each area is much lower in 2013 compared to 2012 (4.7% and 8.1% for 201 

Area_max, 7.9% and 13.9% for Area_sec). For a given month, the respective proportions for 202 

Area_max and Area_sec remain in the same order, except for the first three months of the 203 

year. 204 

4 Discussion 205 

Albrecht et al. (2016) studied the lightning hotspots over the Earth. They found that six out of 206 

the ten most active spots over the whole African continent, including the three strongest ones, 207 

are located in an area corresponding to Area_max while only two are located in an area 208 

corresponding to Area_sec. Our results confirm the predominance of the larger lightning 209 

density in Area_max. The characteristics of the diurnal cycle observed in Area_max and 210 

Area_sec are consistent with Laing et al. (2011). These authors analyzed the cycle of the deep 211 

convection over a large area of tropical Africa including both areas of our study and during 212 

2000-2003. They found the location of a sharp maximum of the average hourly frequency of 213 

coldest clouds in eastern DRC corresponding to Area_max, for two of the considered time 214 

intervals, 14:00-15:00 UTC and 17:00-18:00 UTC. They noted this maximum for two 215 

considered months April and October. They showed that during the time interval 05:00-06:00 216 

UTC, thunderstorm activity is minimum in the part of DRC that corresponds to both areas of 217 

our study. In Albrecht et al. (2016) for the study of lightning hotspots, the daily cycles are 218 

considered for different locations of our areas. They found also a more pronounced daily 219 

cycle for the locations included in Area_max compared to the locations included in Area_sec.  220 

The comparison of the monthly activity in Area_max and Area_sec in 2012 and 2013 221 

suggests that the seasonal contrast is stronger in Area_sec where the maximum monthly 222 

amounts are observed in May and December respectively, and the minimum in August for the 223 

two years. A result for 2011 not presented here corroborates this feature. Even in these three 224 
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years the minimum proportion is always in August and in Area_sec (about 3 to 4%). The 225 

maximum proportion is also in Area_sec but on different months (from 14 to 16%). So the 226 

seasonal contrast is much stronger in Area_sec than in Area_max. This result, due to the 227 

migration of the Intertropical Convergence Zone (ITCZ), is consistent with the contrast of the 228 

seasonal variation in lightning activity found in Soula et al. (2016). Area_max is less 229 

impacted by the migration of the ITCZ because the triggering of thunderstorms in this area 230 

has a very local origin. 231 

The positive correlation observed between the daily activities of the two areas means there 232 

may be an influence between them or a common cause to explain the storm activity. However, 233 

the low value of the correlation coefficient indicates the activities can be different on the 234 

quantitative aspect. The most natural influence that could be assumed between the two areas 235 

would probably result from storms propagating from east to west. Propagation of conditions 236 

favourable to the development of thunderstorms, as instability of the atmosphere, could be 237 

also involved. Indeed, Laing et al. (2011) showed convection over equatorial Africa can be 238 

modulated by different conditions at synoptic scale for local occurrence or propagation of 239 

mesoscale convective systems. They especially mentioned the eastward-moving equatorially 240 

trapped Kelvin waves, the south-westerly monsoonal flow and the midlevel easterly jets. It is 241 

therefore consistent to obtain a low correlation between our two areas characterized by a 242 

strong annual storm activity. Furthermore, the correlation study is done at the scale of the day 243 

and as most thunderstorms develop at the end of the day, storm activity can occur during the 244 

following day in Area_sec that is several hundred kilometres to the West. 245 

The distribution of storms in the Congo Basin mainly results from four contributions, 246 

namely: development, propagation, merging and regeneration of thunderstorms. As 247 

thunderstorms can develop everywhere in the Congo basin, they can naturally form in both 248 

Area_max and Area_sec. However, the great lakes and numerous mountains of Rift valley 249 

close to Area_max offer most favourable conditions for development and enhancement of 250 

thunderstorms. The most intense storms, at planetary scale, are found in the Congo Basin 251 

(Zipser et al., 2006). Area_max is probably the most active region in the world in terms of 252 

thunderstorms since the number of days of the year with thunderstorm activity is found to be 253 

maximum there (Figure 1c-d) and the density of lightning is large over this extended area 254 

(Soula et al., 2016). On the other hand, according to previous studies, Equatorial Africa 255 

thunderstorms spread from east to west basin (Laing et al., 2011; Nguyen and Duvel, 2008; 256 

Laing and Fritsch, 1993). Then thunderstorms may propagate from Area_max to Area_sec but 257 
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different processes as merging and regeneration may affect their intensity and induce different 258 

characteristics in these areas. Several studies have shown that heterogeneity of soil moisture 259 

or vegetation play a role in thunderstorms triggering (Taylor et al., 2011; Garcia-Carreras et 260 

al., 2010). Furthermore, the modelling results of the Global Land Atmosphere Coupling 261 

Experiment (GLACE) classified Equatorial Africa, including Area_max and Area_sec, among 262 

the regions of high coupling between atmosphere and soil moisture (Koster et al., 2004). 263 

Thus, differences of soil moisture and/or vegetable cover between Area_max and Area_sec 264 

may contribute to the contrast between lightning activities of the two areas. 265 

Farnsworth et al. (2011) pointed out that convective mesoscale systems (MCSs) constitute 266 

the fundamental unit of vertical energy transport in Central Africa. In other words, convection 267 

in this region generally leads to the formation of MCSs. This observation is consistent with 268 

the results of Liu and Zipser (2005) on deep convection in Congo basin. They showed 269 

convection in Congo basin frequently overshoots tropopause. Climatology of MCSs in 270 

Equatorial Africa, including the whole Congo Basin, was presented in Jackson et al. (2009). 271 

From five years series of data, these authors have shown that the zone on horseback at the 272 

equator between 5°S and 5°N and extending from the Atlantic coast to the west of the high 273 

mountains of the Rift Valley is the most active in terms of storm activity because it includes 274 

three of four maxima of number of MCSs that they have identified. In our study, Area_max 275 

coincides with the region where Jackson et al. (2009) found one of the two main cores of the 276 

maximum number of MCS. Area_sec has a less pronounced maximum of number of MCS 277 

and a larger number of lightning flashes per MCS in Jackson et al. (2009), which means a 278 

substantial proportion of lightning flashes are not produced by MCS in Area_max. Therefore, 279 

differences exist also in terms of thunderstorm activity between Area_max and Area_sec. 280 

5 Conclusion  281 

The space and temporal characteristics of the lightning activity are analysed in two areas of 282 

the Congo basin, Area_max with the stronger thunderstorm activity and Area_sec with a 283 

lower one. First, the lightning flashes are much more concentrated in a same part of 284 

Area_max from year to year, while they are more scattered in Area_sec. Secondly, the 285 

frequency of days with low activity is larger in Area_sec and the frequency of days with high 286 

activity is larger in Area_max. However, the frequency of days with very high activity is close 287 

in both areas and even the largest daily flash numbers are detected in Area_sec. Thirdly, a 288 

stronger contrast between the maximum and the minimum in the daily cycle is observed in 289 
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Area_max with a ratio of about 15.4 while it is only 4.7 for Area_sec. In conclusion, the 290 

thunderstorm activity is more variable in Area_sec, in terms of location, daytime of 291 

occurrence, seasonal distribution and intensity in terms of number of flashes. 292 
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 380 

Table 1. Flash count and flash density in both areas. 381 

 382 

 Flash count Maximum flash density                            

(fl km-2) 

 2012 2013 2012 2013 

Area_max 696,144 1,000,687 8.62 15.33 

Area_sec 526,278 760,405 4.44 5.93 

ratio 1.323 1.316 1.941 2.585 

 383 

 384 

 385 

Table 2. Number of days corresponding to classes of flash number in both areas during 362 386 

days of 2013. 387 

 388 

Number of day Flash number CLASS 

Area_max Area_sec 

0 CL0 0 7 

1 – 1,000 CL1 84 157 

,1001 – 2,000 CL2 79 58 

2,001 – 3,000 CL3 70 52 

3,001 – 4,000 CL4 43 29 

4,001 – 5,000 CL5 38 17 

5,001 – 6,000 CL6 18 12 

6,001 – 7,000 CL7 12 11 

7,001 – 8,000 CL8 7 10 

8,001 – 9,000 CL9 2 2 

9,001 – 10,000 CL10 2 2 

> 10,000 CL11 7 5 

 389 
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 391 
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Table 3. Number of days corresponding to lightning classes in the two maximum zones 395 

during the year 2013 for periods of high activity (HAP) and low activity (LAP). 396 

 397 

Number of day (%) 

Area_max Area_sec 

Flash number CLASS 

HAP LAP HAP LAP 

0 CL0 0 0 4 (2.2) 3 (3.3) 

1 – 1,000 CL1 35 (19.6) 24 (26.1) 73 (40.8) 47 (51.1) 

1,001 – 2,000 CL2 29 (16.2) 29 (31.5) 27 (15.1) 20 (21.7) 

2,001 – 3,000 CL3 39 (21.8) 18 (19.6) 24 (13.4) 9 (9.8) 

3,001 – 4,000 CL4 22 (12.3) 11 (12.0) 12 (6.7) 6 (6.7) 

4,001 – 5,000 CL5 25 (14.0) 7 (7.6) 8 (4.5) 2 (2.2) 

5,001 – 6,000 CL6 11 (6.1) 1 (1.1) 9 (5.0) 1 (1.1) 

6,001 – 7,000 CL7 8 (4.5) 1 (1.1) 7 (3.9) 1 (1.1) 

7,001 – 8,000 CL8 2 (1.1) 1 (1.1) 8 (4.5) 1 (1.1) 

8,001 – 9,000 CL9 1 (0.6) 0 2 (1.1) 0 (0) 

9,001 – 10,000 CL10 2 (1.1) 0 1 (0.6) 1 (1.1) 

> 10,000 CL11 5 (2.8) 0 4 (2.2) 1 (1.1) 

 398 
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 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

Figure 1. (a) and (b) Lightning density in flash km-2 calculated at a resolution of 0.05° from 435 

WWLLN data in the area of Congo Basin for 2012 and 2013, respectively. (c) and (d) 436 

Number of days of the year with thunderstorm activity in the same area with a resolution of 437 

0.05° for 2012 and 2013, respectively. The white frames indicate the two zones with strong 438 

activity (left Area_sec and right Area_max). 439 
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 449 

 450 

 451 

 452 

 453 

 454 

 455 

     456 

                  457 

 458 

 459 

 460 

 461 

 462 

 463 

 464 

Figure 2. Evolutions of the lightning flash amounts in Area_max and Area_sec for 2013. 465 
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 499 

 500 

 501 

Figure 3. Distribution of the number of days versus the classes of flash number in both areas 502 

for 362 days of 2013. 503 
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 533 

 534 

Figure 4. Distribution of the number of days versus the classes of flash number in both areas 535 

for two periods of 2013, low activity period (LAP) and high activity period (HAP). 536 
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 578 

 579 

Figure 5. Diagrams of correlation between daily numbers of lightning flashes for Area_max 580 

and Area_sec in 2013: (a) at calendar daily scale (00h00-24h00 UTC) and (b) at lightning 581 

activity daily scale (06h00-06h00 UTC). 582 
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 609 

Figure 6. Monthly proportions of flashes detected by WWLLN in Area_max and Area_sec: 610 

(a) in 2012 and (b) in 2013. 611 
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