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Abstract. A comparison of the lightning activity in the two most active areas (Area_max for
the main maximum and Area_sec for the secondary maximum) in the Congo Basin is made
with data obtained by the WWLLN during 2012 and 2013. Both areas of same size (5° x 5°)
exhibit flash counts in a ratio of about 1.32 for both years and very different distributions of
the flash density with maximum in a ratio of 1.941 and 2.585 for 2012 and 2013, respectively.
The diurnal cycle is much more pronounced in Area_max than in Area_sec with a ratio
between the maximum and the minimum of 15.4 and 4.7, respectively. However, the
minimum and maximum of the hourly flash rates are observed roughly at the same time in
both areas, between 07:00 and 09:00 UTC and between 16:00 and 17:00 UTC, respectively.
In Area_sec the number of days with very low activity (0-1000 flashes per day) is very large
(164 days) and that with larger activity decreases very rapidly. In Area_max the number of
day decreases more slowly and is larger for most of levels of lightning activity. The
correlation at the daily scale between the lightning activity in Area_max and that in Area_sec
is weak but positive. In summary, the thunderstorm activity in Area_sec is more variable at

different scales of time (monthly and daily), in intensity and in location.

1 Introduction

According to several studies about the lightning climatology around the Earth, the Congo
Basin is considered as the most actiggion with either a large maximum or two distinct

ones (Christian et al., 2003; Albrecht et al., 2011, 2016, Cecil et al., 2014, Soula et al., 2016).
Actually, the features of the maximum area depend on the space resolution considered in the
calculation of the flash density and the scale resolution in the graphic representation. For
instance, Cecil et al. (2014) provided two maps of the lightning defisity Lightning
Imaging Sensor (LIS) and Optical Transient Detector (OTD) data with different resolutions
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0.5° and 2.5° and a scale with a larger dynamiddage values. With a 0.5° resolution two
maxima are distinguished in the region of CongoiBasd only one with a 2.5° resolution.
Two separated maximums are also visible in theystud Christian et al. (2003) with a
resolution of 0.5° and a non linear scale of dgnditowever, in the latter study, both
maximums do not remain along the year by considettiie lightning activity at the scale of
the 3-month season. Recently, Soula et al. (20b®6wsd a very sharp and localized
maximum in the annual and seasonal lightning dgrisiteastern Democratic Republic of
Congo (DRC) from World Wide Lightning Location Neivk (WWLLN) data with a 0.1°
resolution and a linear scale. In this study, @sdary maximum was also highlighted west of
the main maximum, especially during the first paftthe 9-year period of study. This
secondary maximum was less pronounced and moreszhin a large area. In this study the
region of maximum could be analyzed in detail beeahe linear scale of density values was
better adapted for large values compared to prevstwdies. Recently, Albrecht et al. (2016)
classified the most active regions of the worldeinms of lightning activity by using LIS data
at a resolution of 0.1°. The existence of two ragiof maximum was also displayed but the
non linear scale did not allow a quantitative corigmm of the maximum values. However,
they considered the locations of the first ten thghg hotspots over the whole African
continent and they showed most of them includiregstinongest ones are located in DRC.
The results of Soula et al. (2016) provided thdofeing characteristics. The main
maximum flash density is observed every year ingmall region of the DRC, at about 28°E
and between 1°S and 2°S. This maximum is embedd#ihva region of large values of
lightning flash density strongly contrasting withetwhole study area. The extension of this
region is approximately 300 km north-south and Rf0east-west. It is located in the area
where many authors identified the maximum of tremptary lightning activity, as Christian
et al. (2003) who falsely attributed it to Rwan@acil et al. (2014) and Albrecht et al. (2011).
The high space resolution and the linear scale irs&bula et al. (2016) allowed to better
localize it and specify its shape and amplituderattaristics. In addition, the maximum
number of days with thunderstorms has been fourtiérsame area (189 days of storms in
2013) as the average number of flashes per datoohs (approximately 8 flashes per gay
Another area of large flash density considered ascandary maximum was pointed out in
Soula et al. (2016). This area was broader butdessrasted from year to year during the
period of the study. It roughly extends from thatoe of DRC to Congo to the west and to

Angola to the south.
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The goal of this study is to compare the charagties of lightning activity in the two areas
of maximum. The second section describes the dadatlee methodology used, the third
section presents the results from several compajsand the fourth section is devoted to a

discussion.

2 Data and methodology

By following the study by Soula et al. (2016), wefide two areas of equal dimension, one
for the main maximum considered as “Area_max” dreldther for the secondary maximum
considered as “Area_sec”. They are identified bijtude and longitude values in the
following intervals:
[25°E; 30°E] and [4°S; 1°N] for Area_max
[18°E; 23°E] and [4°S; 1°N] for Area_sec
We use data from the WWLLN collected during 2012 &013. According to the
continuous increase of the detection efficiencynfrd005 to 2013 observed by Soula et al.
(2016) in the total domain of the study, we sekbet two last years of the period for a
comparison between both areas Area_max and Area_sec
The WWLLN (www.wwlln.net) is a global lightning detection network around tarth.
The electromagnetic radiations emitted by lightrstrgpkes at very low frequency (VLF) and
called sferics are detected by the sensors of tAd_1AN. These strokes are then localized by
using the time of group arrival technique (TOGAp(en et al., 2002). The stations can be
separated by thousands of km because the VLF fretpgecan propagate within the Earth-
lonosphere wave guide with very little attenuatiSimce its implantation in March 2003, the
WWLLN has been improved in terms of number of stadi and development of the
processing algorithm (Rodger et al., 2008). In 20tldad more than 60 sensors spread on the
planet (Soula et al., 2016)

3 Results
3.1 Spatial distribution of the lightning activity

Figure 1a-b shows the lightning density, in flash Kgncalculated with a resolution of 0.05°
from WWLLN data in the large domain of Congo Bafim 2012 and 2013, respectively.
Figure 1c-d shows the number of days of the year with thunders activity in the same

domain with a same resolution for 2012 and 201sheetively. The white frames indicate the
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two areas with strong activity (left Area_sec aightr Area_max). Table 1 displays the count
of flashes, thenaximum value of the density for both areas aruth g@ar. Both areas of same
size (5° x 5°) exhibit flash counts in a ratio dat 1.32 for both years, which indicates an
almost stable from one year to the other. On thdraoy, the ratio of the maximum flash
density is very different from one year to the ottsince it is 1.941 and 2.585 for 2012 and
2013, respectively. This difference can be easilgaustood since the maximum value is very
local and can change substantially from one yeahéoother, and furthermore the space
resolution used in the study is vdmigh, with a value of 0.05°. The maximum value of the
density depends on the space resolution, in theestat it increases when the resolution
becomes higher. By comparing with the values repbly Soula et al. (2016) for a resolution
of 0.1°, it is clear that the maximum of the depsstlarger for 0.05°. Thus it rises from 12.86
to 15.33 flashes kinfor 2013 and from 8.22 to 8.62 flashesfor 2012. On the other hand,
the maximum number of stormy days is lower with tégolution of 0.05°, from 189 to 125
days for 2013 and from 167 to 99 days for 2012.

The difference between the distributions in the ameas appears alstearlyregarding both
lightning density and number of days of the yeahwJightning activity in Figure 1. Indeed,
the highest values of both parameters are locateldei same region of the 5° x 5° frame for
Area_max while they are much more scattered inftame for Area_sec. The contrast
between both areas is stronger for the lightningsite compared to the number of day with
thunderstorm, which means the number of flash @ar dith thunderstorm is larger for
Area_max. It means that the storms in Area_maxnaoee active and/or more stationary,
and/or more numerous. The differences observeaeimiaximum values and the distributions
of the lightning density indicate specific and Iboeonditions for the thunderstorm
development in Area_max. These conditions are tlesemce of a mountain range that
exceeds 3000 meters (28.75°E; 1.5-2.2°S), on ode sf which the lightning density
markedly increases, and the presence of the lake K19.2°E; 1.9°S) above which the
lightning density increases. No specific shapéeheflightning density or stormy day is visible

in Area_sec.

3.2 Diurnal activity

Figure 2 shows the daily cycle of the amounts aglies detected by WWLLN in Area_max
and Area_sec. These amounts are calculated ovehameand averaged over all days of
2013. The time scale of the graph is made so tigahtmounts are associated to the beginning

of the 1-hour period of calculation. Both areasilkiththe same type of evolution with a large

4
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proportion of flashes during the afternoon. Theimum and maximum numbers of flashes
are observed roughly at the same time in both aiedlse morning between 08:00 and 09:00
UTC for Area_max and between 07:00 and 08:00 UTiCAiea_sec, and in the afternoon
between 16:00 and 17:00 UTC, respectively. Butcthrgrast between the morning minimum
and the afternoon maximum is stronger for Area_(natio of 15.4) than for Area_sec (ratio
of 4.7). It means the diurnal cycle is much morenpunced in Area_max. Consequently,
while the lightning rate is larger in Area_max tbe main part of the day it is lower during a
short interval between 06:00 and 10:00 UTC corredpa to the minimum activity in both

areas.

3.3 Annual variability

We compare the lightning activity in both areagdémms of daily distribution of the flashes
detected during one year. The year of referen@®18 with a total of 362 days available in
the database. The flash count is performed dayayyin each area and then the days are
classified by range of flash numbers. Thus, Taldésplays the result of the classification for
each area over 12 classes of flash number. Thenmatting of each class is done on 1,000
flashes, from 1-1000 for CL1 to more than 10,000G011. The first class CLO corresponds
to days without any flash detected. To make edhieiinterpretation of the results, they are
also plotted in the graph of Figure 3.

The number of days without any flash (CLO) is muehger for Area sec than for
Area_max (7 and 0, respectively). For CL1 corresjiug to the lower flash numbers, the
number of day is also larger for Area_sec, about twes that of Area_max, 157 and 84,
respectively. On the contrary, the number of dayscfasses corresponding to intermediate
flash numbers (CL2 to CL6, from 1,001 to 6,000 Hkes per day) is significantly larger for
Area_max for the cumulative number of days (248resyd 68) and for each class considered
separately. For the classes with very high actig@y7 to CL11, more than 6,000 flashes per
day) the number of days is small and not very diffiéin both areas for each class and even

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

3.4 Variability during periods of low and high activity

By considering the lightning activity during a petiof 9 years, Soula et al. (2016) pointed
out a clearly low activity during three months Jdudy-August and a six-month period of
high activity covering the months of January-Marahd October-December. We now
investigate in each area, the daily flash numbemduthese two distinct periods for 2013

5
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defined as high activity period (HAP) including 1d@8ys of data and low activity period
(LAP) including 92 days of data. The result is preed in Table 3 and illustrated in Figure 4.
During both periods the general trend is the sasfathe annual variability obtained over
362 days. The number of days with few lightningfias (CLO-CL1) in Area_sec is twice that
in Area_max for both periods. On the contrary,ibenber of days with intermediate amounts
of lightning flashes (CL2-CL5) is larger in Area_xyalso about in the same proportion for
both periods. Finally, the number of days with anber of flashes exceeding 5000 flashes
(CL6-CL11) is small and almost equal in both ardas,each period. In particular, during
LAP it is one day at the more, as indicated in €gblnd Figure 4. It is also to be noted that
for each area, the ratio between the number of dasiag HAP and LAP is very strong from
CL5 to CL7 (CL8 for Area_sec), with a maximum valfeabout 10 for CL6. During HAP,
whatever the area considered, the proportion ofitmber of day characterized with a flash
number lower than 5000 is about 83%, whereas duwkfe it is about 95%.

3.5 Correlation between daily lightning activities

In order to evaluate the simultaneity between hgig activity in Area_max and Area_sec,
we display the graph of correlation between théydaghtning flash amounts for both areas
andin 2013. These daily amounts are calculated in twgswiirst by considering the calendar
day (00h00 — 24h00 UT) and then according the daitye of lightning activity between two
minimums (06h00 — 06h00 UT, see Figure 2). Figughéws the result of this correlation
study: (a) for the calendar days and (b) for thbthingcycle days.

In the first case the correlation coefficient R0i84 and in the second case it is 0.25. Thus,
the correlation is weak but positive, that is ty Hae tendency is that when the daily flash
number increases for one area it also does foottier. At first glance, both distributions are
similar. They reflect the trend highlighted by Figsl 3 and 4 insofar as the low valugs (
1000 flashes) are more numerous in Area_sec. lelerthe intermediate values are more
numerous in Area_max with 230 days with flashesvbet 1,001 and 5,000 against 156 in
Area_sec. For the values exceeding 10,000 flashee are 7 days for Area_max and 5 days
for Area_sec in Figure 5a. In Figure 5b, these emlare 6 and 8, respectively, which means
there are more days with a large number of liglgtiashes in Area_sec, by considering the
daily cycle of the lightning activity. This obsetian is consistent with the fact that the
lightning activity is more spread during the daydirea_sec as indicated in Figure 2. Thus, by
considering the day according the lightning acfivihe episodes of strong lightning activity

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

Figure 6 shows the monthly proportions of flashetedted in Area_max and Area_sec during
2012 and 2013. The minimum proportion is found ingAst and in Area_sec (between 3 %
and 4 %) for both years. The maximum proportioal$® found in Area_sec in May for 2012
(about 14%) and in December (about 14%) for 201&s€ two characteristics show that the
variability is always stronger in Area_sec thanArea_max although the distribution is
different from 2012 to 2013 for both areas. Forregke, in April it is 6.1% and 11.3% for
Area_max, 5.7% and 9.4% for Area_sec, in 2012 diB2respectively. Inversely in May,
the proportion of each area is much lower in 20&Bgared to 2012 (4.7% and 8.1% for
Area_max, 7.9% and 13.9% for Area_sec). For a gienth, the respective proportions for
Area_max and Area_sec remain in the same ordegpéxor the first three months of the

year.

4 Discussion

Albrecht et al. (2016) studied the lightning hotspover the Earth. They found that six out of
the ten most active spots over the whole Africamtioent, including the three strongest ones,
are located in an area corresponding to Area_mailevamly two are located in an area
corresponding to Area_sec. Our results confirm ghedominance of the larger lightning
density in Area_max. The characteristics of therrdilicycle observed in Area_max and
Area_sec are consistent with Laing et al. (201hesE authors analyzed the cycle of the deep
convection over a large area of tropical Africaluging both areas of our study and during
2000-2003. They found the location of a sharp maxmof the average hourly frequency of
coldest clouds in eastern DRC corresponding to Arex, for two of the considered time
intervals, 14:00-15:00 UTC and 17:00-18:00 UTC. yitmoted this maximum for two
considered months April and October. They showatl diaring the time interval 05:00-06:00
UTC, thunderstorm activity is minimum in the paftRC that corresponds to both areas of
our study. In Albrecht et al. (2016) for the stuafylightning hotspots, the daily cycles are
considered for different locations of our areaseytiound also a more pronounced daily
cycle for the locations included in Area_max conapiatio the locations included in Area_sec.
The comparison of the monthly activity in Area_mamnd Area_sec in 2012 and 2013
suggests that the seasonal contrast is strongérda_sec where the maximum monthly
amounts are observed in May and December resplgtared the minimum in August for the

two years. A result for 2011 not presented hereobarates this feature. Even in these three

7
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years the minimum proportion is always in August am Area_sec (about 3 to 4%). The
maximum proportion is also in Area_sec but on difé months (from 14 to 16%). So the
seasonal contrast is much stronger in Area_sec ithakrea_max. This result, due to the
migration of the Intertropical Convergence ZoneGQZyJ, is consistent with the contrast of the
seasonal variation in lightning activity found irofa et al. (2016). Area_max is less
impacted by the migration of the ITCZ because tiggéring of thunderstorms in this area
has a very local origin.

The positive correlation observed between the daslyvities of the two areas means there
may be an influence between them or a common daweseglain the storm activity. However,
the low value of the correlation coefficient indies: the activities can be different on the
quantitative aspect. The most natural influence ¢oald be assumed between the two areas
would probably result from storms propagating freast to west. Propagation of conditions
favourable to the development of thunderstormsinstbility of the atmosphere, could be
also involved. Indeed, Laing et al. (2011) showedwvection over equatorial Africa can be
modulated by different conditions at synoptic sdalelocal occurrence or propagation of
mesoscale convective systems. They especially oredithe eastward-moving equatorially
trapped Kelvin waves, the south-westerly monsofinal and the midlevel easterly jets. It is
therefore consistent to obtain a low correlatiotmieen our two areas characterized by a
strong annual storm activity. Furthermore, the eation study is done at the scale of the day
and as most thunderstorms develop at the end afapestorm activity can occur during the
following day in Area_sec that is several hundridnietres to the West.

The distribution of storms in the Congo Basin maingsults from four contributions,
namely: development, propagation, merging and megaion of thunderstorms. As
thunderstorms can develop everywhere in the Comsginpthey can naturally form in both
Area_max and Area_sec. However, the great lakesnanterous mountains of Rift valley
close to Area_max offer most favourable conditiéms development and enhancement of
thunderstorms. The most intense storms, at plansizale, are found in the Congo Basin
(Zipser et al., 2006). Area_max is probably the haative region in the world in terms of
thunderstorms since the number of days of the withrthunderstorm activity is found to be
maximum there (Figure 1lc-d) and the density ofthigig is large over this extended area
(Soula et al.,, 2016). On the other hand, accordingrevious studies, Equatorial Africa
thunderstorms spread from east to west basin (Lairg., 2011; Nguyen and Duvel, 2008;

Laing and Fritsch, 1993). Then thunderstorms mapggate from Area_max to Area_sec but
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different processes as merging and regenerationafif@gst their intensity and induce different
characteristics in these areas. Several studies $staown that heterogeneity of soil moisture
or vegetation play a role in thunderstorms trigggriTaylor et al., 2011; Garcia-Carreras et
al.,, 2010). Furthermore, the modelling results lné Global Land Atmosphere Coupling
Experiment (GLACE) classified Equatorial Africaclaoding Area_max and Area_sec, among
the regions of high coupling between atmosphere smildmoisture (Koster et al., 2004).
Thus, differences of soil moisture and/or vegetalgieer between Area_max and Area_sec
may contribute to the contrast between lightnintyéies of the two areas.

Farnsworth et al. (2011) pointed out that convectivesoscale systems (MCSs) constitute
the fundamental unit of vertical energy transporCientral Africa. In other words, convection
in this region generally leads to the formationMESs. This observation is consistent with
the results of Liu and Zipser (2005) on deep cotiwacin Congo basin. They showed
convection in Congo basin frequently overshootgpdpause. Climatology of MCSs in
Equatorial Africa, including the whole Congo Basivas presented in Jackson et al. (2009).
From five years series of data, these authors Bhoen that the zone on horseback at the
equator between 5°S and 5°N and extending fromAtkentic coast to the west of the high
mountains of the Rift Valley is the most activeténms of storm activity because it includes
three of four maxima of number of MCSs that theyenhalentified. In our study, Area_max
coincides with the region where Jackson et al. $2@66und one of the two main cores of the
maximum number of MCS. Area_sec has a less promountaximum of number of MCS
and a larger number of lightning flashes per MCSarkson et al. (2009), which means a
substantial proportion of lightning flashes are paiduced by MCS in Area_max. Therefore,

differences exist also in terms of thunderstornivitgtbetween Area_max and Area_sec.

5 Conclusion

The space and temporal characteristics of theriggtactivity are analysed in two areas of
the Congo basin, Area_max with the stronger thwsiden activity and Area_sec with a

lower one. First, the lightning flashes are muchrenconcentrated in a same part of
Area_max from year to year, while they are morettsoed in Area_sec. Secondly, the
frequency of days with low activity is larger inés_sec and the frequency of days with high
activity is larger in Area_max. However, the freqag of days with very high activity is close

in both areas and even the largest daily flash musnbre detected in Area_sec. Thirdly, a

stronger contrast between the maximum and the raimirim the daily cycle is observed in

9
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Area_max with a ratio of about 15.4 while it is wd.7 for Area_sec. In conclusion, the
thunderstorm activity is more variable in Area_seét,terms of location, daytime of

occurrence, seasonal distribution and intensitgiims of number of flashes.
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380
381 Tablel. Flash count and flash density in both areas.
382
Flash count Maximum flash density
(fl km?)
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

386 Table2. Number of days corresponding to classes of flashber in both areas during 362
387 days of 2013.

388

Flash number CLASS Number of day
Area_max Area_sec

0 CLO 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

390

391

392

393

394
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395 Table 3. Number of days corresponding to lightning classeshe two maximum zones
396 during the year 2013 for periods of high activitdAP) and low activity (LAP).

397
Flash number CLASS Number of day %0)
Area_max Area_sec
HAP LAP HAP LAP
0 CLO 0 0 422 333
1-1,000 CL1 3510.6) 24 (26.1) 73{40.8) 47 (51.1)
1,001 — 2,000 CL2 296.2) 29 @15 27(@151) 20@17)
2,001 — 3,000 CL3 3218 18(196) 24(134) 9.8
3,001 — 4,000 CL4 221p3) 11(120) 1267) 6(6.7)
4,001 — 5,000 CL5 2540) 7(@76) 8@5 2(2
5,001 — 6,000 CL6 161 1)) 9 (5.0 1(L1)
6,001 — 7,000 CL7 &5 111 7(B9 1L
7,001 — 8,000 CL8 21(2) 111 8 (4.5) 1@y
8,001 — 9,000 CL9 10(6) 0 211 00
9,001 — 10,000 CL10 Q) 0 1 0.6) 1@y
> 10,000 CL11 54.8) 0 4Q.2) 1@y
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
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437 Number of days of the year with thunderstorm attiin the same area with a resolution of
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