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Abstract. A comparison of the lightning activity in the tvmoost active areas (Area_max for
the main maximum and Area_sec for the secondaryimax) of the Congo basin is made
with data obtained by the World Wide Lightning Ldoa Network (WWLLN) during 2012
and 2013. Both areas of same size (5° x 5°) exfidgsh counts in a ratio of about 1.32 for
both years and very different distributions of tlash rate density (FRD) with maximums in a
ratio of 1.94 and 2.59 for 2012 and 2013, respebtivThe FRD is much more widely
distributed in Area_sec, which means the whole aamdributes more or less equal to the
lightning activity. The diurnal cycle is much mgseonounced in Area_max than in Area_sec
with a ratio between the maximum and the minimumi®# and 4.7, respectively. However,
the minimum and maximum of the hourly flash rates@bserved roughly at the same time in
both areas, between 07:00 and 09:00 UTC and betv@®® and 17:00 UTC, respectively.
In Area_sec the proportion of days with low ligimmirate (0-1,000 flashes per day) is much
larger (~45% in 2013) compared to Area_max (~23%0mh3). In Area_max the proportion
of days with moderate lightning rate (1,001-6,0@8lies per day) is larger (~68.5% in 2013)
compared to Area_sec (~46% in 2013). The very sdaonvective events are slightly more
numerous in Area_sec. In summary, the thundersémtiwity in Area_sec is more variable at
different scales of time (annually and daily), mbeinsity and in location. Area_max combines
two favourable effects for thunderstorm developméme convergence associated with the
African easterly jet of the Southern Hemisphere JAB and a geographic effect due to the
orography and the presence of a lake. The locaticdhe strong convection in Area_sec is
modulated by the distance of westward propagatgefieration of MCSs in relation with the

phase of Kelvin waves.
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1 Introduction

According to several studies about the lightninghatology around the Earth, the Congo
basin is considered as the most active region wiiter a large maximum, or two distinct
ones (Christian et al., 2003; Williams and Sata€id4), Albrecht et al., 2011, 2016, Cecil et
al., 2014, Soula et al., 2016). Actually, the feasuof the maximum area depend on the
spatial resolution considered in the calculatiorthef flash rate density (FRD) and the scale
resolution in the graphic representation. Albreehtal. (2016) performed a very detailed
analysis of FRD thanks to Lightning Imaging Senddf) data around the Earth, by using
several spatial resolutions. They showed the feataf the maxima FRD strongly depend on
the spatial resolution and on the duration of teeqga considered for the study. Thus, the
location and the value of the first- and secondkednmaxima FRD stabilize when the period
is longer. With the better resolution (0.1°) usedAibrecht et al. (2016), the second-ranked
hotspot is always located around [28°E; 2°S] frawe fyears of data. Furthermore, they
showed most of the first ten lightning hotspotsrdaie entire African continent, including the
strongest ones, are located in Democratic RepobliZongo (DRC). By considering the maps
of FRD in Albrecht et al. (2016), the existenceawd regions of maximum activity in DRC is
displayed but the non linear scale does not allayuantitative comparison of the maximum
values.

Cecll et al. (2014) provided two maps of lightniitegsh density from the Lightning Imaging
Sensor (LIS) and Optical Transient Detector (OTBdadwith different resolution, 0.5° and
2.5° and a non linear scale. With a 0.5° resolytime maxima are distinguished in the region
of Congo Basin and only one with a 2.5° resolutibio separated maxima are also visible in
the study by Christian et al. (2003) with a resolutof 0.5° and a non-linear scale of density.
However, in the latter study, neither maximum remthroughout the year in considering the
lightning activity with 3-month seasons. RecentBpula et al. (2016) showed a very
pronounced maximum in the annual and seasonalnligitflash density in the eastern
Democratic Republic of Congo (DRC) from World Widéghtning Location Network
(WWLLN) data with a 0.1° resolution and a lineaalsc In this study, a secondary maximum
was also highlighted west of the main maximum, esflg during the first part of the 9-year
period of study. This secondary maximum was lessqunced and scatteredaoner a large
area. In this study the region of maximum activabuld be analyzed in detail because the

linear scale for flash density was better adappedbige values compared to previous studies.
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The results of Soula et al. (2016) provided thdofwing characteristics. The main
maximum in lightning flash density is observed gwsar in one small region of the DRC, at
about 28°E and between 1°S and 2°S. This maximuemisedded within a region of large
values of lightning flash density strongly contmagt with the whole study area. The
geographical extent of this region is approxima8f)9) km north-south and 200 km east-west.
It is located in the area where many authors ifledtthe maximum of the planetary lightning
activity, as Christian et al. (2003) who falselyrigauted it to Rwanda, Cecil et al. (2014) and
Albrecht et al. (2011). The high spatial resoluteomd the linear scale used in Soula et al.
(2016) allowed a better localization and specifarat of its shape and amplitude
characteristics. In addition, the maximum numbedafs with thunderstorms has been found
in the same area (189 days of storms in 2013) esvkerage number of flashes per day of
storms (approximately 8 flashes per da@nother area of large flash density considered as
secondary maximum was pointed out in Soula et2811¢). This area was broader but less
contrasting from year to year during the periodtteé study. It extends roughly from the

centre of DRC to Congo to the west and to Angolénéosouth.

The goal of this study is to compare the charasties of lightning activity in the two areas
of maximum activity. The second section descrilbesdata and the methodology used, the
third section presents the results from severalpasisons, and 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 area, one for the
main maximum considered as “Area_max” and the ofieerthe secondary maximum
considered as “Area_sec”. They are identified bytude 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 for the present studye WWLLN (www.wwlIn.net) is

a global lightning detection network around thetEafFhe electromagnetic radiation emitted
by lightning strokes (from cloud-to-ground and adloud flashes) at very low frequency
(VLF) and called sferics are detected by the senebthe WWLLN (Abarca et al., 2011).
These strokes are then localized by using the twihgroup arrival technique (TOGA)
(Dowden et al.,, 2002). The stations can be semhrayethousands of km because VLF

3
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frequencies can propagate within the Earth-lonaspheave guide with very little
attenuation. Since its implantation in March 200® WWLLN has been improved in terms
of number of stations and development of the pingsalgorithm (Rodger et al., 2008). In
order to give an idea of the growth of the numidaMIVLLN stations spread on the planet, it
was 11 in 2003, then 23 in 2005, 30 in 2007 anth&013, according to the report made by
Rodger et al. (2014). Indeed, the changes in theank during this 9-year period (2003-
2013) can explain the continuous increase of thectien efficiency (DE) observed by Soula
et al. (2016) in the total domain of the study. éwlng to Abarca et al. (2011), DE for CG
flashes is about twice that for IC flashes.

We analyze the DE evolution during this perioddach area. For this purpose and in the
same way as Soula et al. (2016) for the whole Cdoagin area, Figure 1 displays the annual
numbers of lightning flashes detected by WWLLN &h8 in Area-max and Area_sec during
the period 2005-2013. In the same graph, the valfilse WWLLN DE relative to the LIS
data, are reported for each area. DE is calculayddllowing the methodology developed by
Soula et al. (2016), i.e. by applying the corratwoefficient for the estimation of the number
of the whole lightning flashes LIS could detectiwat continuous survey. First, the number of
flashes detected by LIS in each area does notmaih during the period, it is always larger
in Area_max, its minimum is observed for 2007 irchearea and more pronounced for
Area_sec, and the maximum is observed for 2005aich earea too. Thus, no increase
tendency is observed in each area. Secondly, theuof flashes detected by WWLLN in
each area increases after 2008, especially duhedast two years 2012 and 2013. As a
consequence, DE is significantly larger for 2018 @013, and reaches 4.96% and 7.50% in
Area_max, respectively, and 4.24% and 6.11% in Agsea. This increase of DE is
completely independent of the number of flashegdetl by LIS that is relatively stable
during the last years, which means it is totallyjated to the WWLLN performance.
According to the DE values, we select the last ywars of the period (2012 and 2013) for a

comparison of the characteristics of the lightracgvity in Area_max and Area_sec.

3 Results
3.1 Spatial distribution of thelightning activity

Figure 2a-b shows the annual FRD, in flash?kyni®, calculated with a resolution of 0.05°
from WWLLN data in the large domain of the Congaibaor 2012 and 2013, respectively.

Figure 2c-d shows the number of days of the ye#r lightning activity in the same domain

4
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with the same resolution for 2012 and 2013, respalgt The white frames indicate the two
areas with strong activity (left Area_sec and rigintea_max). Table 1 displays the flash
count, the maximum FRD for both areas and for gaan. Both areas of same size (5° x 5°)
exhibit total flash counts in a ratio of about 1f82 both years, which indicates a stable
situation from one year to the next. On the comirtlre ratio of the maximum FRD is very
different from one year to the next, since it i84land 2.59 for 2012 and 2013, respectively.
This difference can be easily understood sincarthgimum value is very localized and can
change substantially from one year to the next,fartiermore the spatial density resolution
used in the study is very high, with a value of50.0The maximum value of the density
depends on the spatial resolution, in the sendettirecreases when the resolution becomes
higher. By comparing with the values reported byl&et al. (2016) at a resolution of 0.1°, it
is clear that the maximum of the annual FRD isdafgr 0.05°. Indeed, it is 12.86 fl Khyr™
at 0.1° and 15.33 fl kihyr* at 0.05° in 2013, and it is 8.22 fl Knyr*at 0.1° and 8.62 fl kih
yr! at 0.05° in 2012. On the other hand, the maximumlver of stormy days is lower with
the resolution of 0.05°, from 189 to 125 days foL2 and from 167 to 99 days for 2012. This
observation is consistent since a day is stormywetdeast one flash is detected in the pixel.
The difference between the distributions in the @veas clearly appears regarding both
lightning FRD and number of days of the year wigihining activity in Figure 2. Indeed, the
highest values of both parameters are located anstime region of the 5° x 5° frame for
Area_max while they are much more scattered inftane for Area_sec. The difference
between both areas is stronger for FRD compar¢detmumber of days with thunderstorms,
which means that the number of flashes per storayyislarger for Area_max. It means that
the storms in Area_max are more active and/or re@tgonary, and/or more numerous (Soula
et al., 2016). The differences observed in the mara values and the distributions of the
lightning FRD indicate specific conditions for thieunderstorm development in Area_max.
These conditions are the presence of a mountaigertimat exceeds 3000 meters (28.75°E;
1.5-2.2°S), on the west side of which the FRD iases markedly, and the presence of the
lake Kivu (29.2°E; 1.9°S) above which the FRD irmses (Soula et al., 2016). No specific

shape of the FRD or stormy day is visible in Areg. s

3.2 Daily cycle

Figure 3 shows the daily cycle of the flashes detedy the WWLLN in Area_max and
Area_sec, for 2012 and 2013. The time is indicatddTC, which is two hours late compared

to Local Time (LT = UTC + 2). These flash counts aalculated over one hour and averaged
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over all days of the year. The time scale of ttepgris made so that the flashes are associated
with the beginning of the 1-hour period of calcidat Both areas exhibit the same type of
diurnal lightning activity with a large proportiasf flashes during the afternoon and whatever
the year. The minimum and maximum numbers of flasdre observed roughly at the same
time in both areas. The minimum is observed innmfeening between 08:00 and 09:00 UTC
for Area_max and between 07:00 and 08:00 UTC f@aAsec, for both years. The maximum
is observed in the afternoon, between 16:00 an@01@TC for Area_max and for both years
and for Area_sec in 2013, and between 17:00 and019TC for Area_sec in 2012. The
contrast in flash counts between the morning mimmand the afternoon maximum is
stronger for Area_max (ratio of 14.5 and 15.4, 2002 and 2013, respectively) than for
Area_sec (ratio of 6.2 and 4.7, for 2012 and 20&S8pectively). It means the diurnal cycle is
much more pronounced in Area_max. Consequentlylewhe lightning flash rate is larger in
Area_max for the main part of the day, it is lowlering a short interval between 06:00 and

10:00 UTC corresponding to the minimum activitybisth areas.

3.3 Day-to-day variability

We compare the lightning activity in both areastemms of daily distribution of flashes
detected during one year. The years of referenre@t2 and 2013 with a total of 366 and
362 days, respectively, available in the datab@ke.flash count is performed day by day in
each area and then the days are classified by @nfiigssh numbers. Thus, Table 2 displays
the result of the classification for each area aach year, over 12 classes of flash number.
This result is expressed in terms of number of daygach area and year, and in proportion
(%) of the total number of days for the year inteacea. The incrementing of each class is
done on 1,000 flashes, except for the class CLi ithan 900 flashes from 101 to 1,000
flashes. The first class CLO corresponds to 0-1@€hes to distinguish the days with a very
low number of flashes. The last class CL11 gronpsdays with more than 10,000 flashes. To
make easier the interpretation of the results, #reyalso plotted in Figure 3.

The distribution is similar for both years, (a) 612 and (b) for 2013. The number of days in
CLO is much larger for Area_sec than for Area_n&gnd 7, respectively, in 2012, 43 and 4
in 2013), as indicated in Table 2. For CL1 corresfiog to the flash numbers 101-1,000, the
number of days is also larger for Area_sec, shgltl 2012 with 130 and 121 days,
respectively, markedly in 2013 with 121 and 80 dagspectively. On the contrary, the
number of days for classes corresponding to intdiate flash numbers (CL2 to CL4 in 2012,

6



191
192
193
194
195

196
197
198
199
200
201

202

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

CL2 to CL6 in 2013) is significantly larger for Aaemax, for both the cumulative number of
days (202 against 144 in 2012 and 248 against 16813) and for each class considered
separately. For the classes with a very high agt(@L5 to CL11 and CL7 to CL11, in 2012
and 2013, respectively) the total number of dayamsll and not very different in both areas
(36 and 30 in 2012, 20 and 30 in 2013, for Area_arak Area_sec, respectively).

From 2012 to 2013, for both areas, the proportibthe number of day decreases in the first
three classes (CLO-CL2) and for the cumulative @atus ~62% in 2012 and ~45% in 2013
for Area_max, and ~70% in 2012 and ~61% in 2013Ai@a_sec. It is almost equal in CL3:
~20% in 2012 and ~19% in 2013 for Area_max, and%14 2012 and ~14% in 2013 for
Area_sec. It increases almost in all classes &ft&¥ and for cumulative value it is ~18% in
2012 and ~36% in 2013 for Area_max, and ~16% irR280id ~25% in 2013 for Area_sec.

3.5 Correlation between daily lightning activities

Now we consider the lightning activity for a comigan day by day of both areas to perform
a quantitative correlation. The goal is to evaluatsoth areas are simultaneously concerned
by the storm activity or if they are with a shiftethe. In order to illustrate the result about
this correlation between lightning activity in Areaax and Area_sec, we display the graph of
correlation between the daily lightning flash amisufior both areas and in 2013. These daily
counts are calculated in two ways, first by consimdgthe calendar day (00h00 — 24h00 UT)
and then according the daily cycle of lightninginatt between two minimums (06h00 —
06h00 UT, see Figure 2). Figure 5 shows the resiulhis correlation study: (a) for the
calendar days and (b) for the lightning cycle days.

In the first case the correlation coefficierft iR ~0.118 and in the second case it is ~0.064.
Thus, the correlation is weak but positive, thatoisay the tendency is that when the daily
flash number increases for one area it also inesedsr the other. At first glance, both
distributions are similar. They reflect the trenghlighted by Figure 4 insofar as the low
values € 1000 flashes per day) are more numerous in Arealseersely, the intermediate
values (between 1,001 and 5,000 flashes per dayjnare numerous in Area_max with 230
days in 2013, against 156 days for Area_sec. Fovdtues exceeding 10,000 flashes per day,
there are 7 days for Area_max and 5 days for Aeirs 2013 (Figure 5a). In Figure 5b,
these values are 6 and 8, respectively, which mieeme are more days with a large number
of lightning flashes in Area_sec, by considering tlaily cycle of the lightning activity. This

observation is consistent with the fact that tlyhthing activity is more widely distributed
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during the day in Area_sec as indicated in Figur&t8s may be due to the contribution of
nocturnal lightning by mesoscale convective systé@iSSs) or isolated storms that develop
later in the afternoon if compared to Area_max.ekud the work by Albrecht et al. (2016)
shows in their Figure 3 that during the night, lséspots located in Area_sec (i.e, 6th and 7th
Africa’s hotspots) exhibit a larger contribution tbe daily lightning activity. Thus, by
considering the day according the lightning acfi(i@6h00-06h00), the episodes of strong
lightning activity in this area are more likelylte counted in full.

3.6 Month-to-month variability

Figure 6a-b shows the monthly proportion of flaskdesected in Area_max and Area_sec
during 2012 and 2013. The minimum proportion isnidin August and in Area_sec (between
3 % and 4 %) for both years. The maximum proporisoalso found in Area_sec in May for
2012 (about 14%) and in December (about 14%) fd320 hese two characteristics show
that the variability is always stronger in Area_#ean in Area_max although the distribution
is different from 2012 to 2013 for both areas. Ewample, in April it is 6.1% and 11.3% for
Area_max, 5.7% and 9.4% for Area_sec, in 2012 @1iB2respectively. Inversely in May,
the proportion of each area is much lower in 20&gared to 2012 (4.7% and 8.1% for
Area_max, 7.9% and 13.9% for Area_sec). For a gmenth, the respective proportions for
Area_max and Area_sec remain in the same ordegpexor the first three months of the

year.

Figure 6¢c shows the 3-month proportion over a longgriod including data from
2011. The 3-month periods are chosen accordinghtasiian et al. (2003), Jackson et al.
(2009), and Soula et al. (2016). Thus, the monthduae, July and August are grouped in
JJA, September, October and November in SON, Deeendanuary and February in DJF,
and March, April and May in MAM. The annual varibtly at this 3-month scale is more
visible and constant from one year to the nexteéuj for both areas, the minimum is always
in JJA with a constant decrease during the prege8imonth periods. For the maximum, it

seems SON is more favourable to Area_max while IBJér Area_sec.

4 Discussion

Albrecht et al. (2016) studied the lightning hotispover the Earth, based on satellite optical

observations of lightning. They consider that aspot is a region 100-km in radius around a
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maximum of FRD. They found that six out of the test active spots over the whole
African continent, including the three strongesegnare located in an area corresponding to
Area_max while only two are located in an area esponding to Area_sec. Our results
confirm the predominance of the larger FRD in Areax.

The characteristics of the diurnal cycle observediea_max and Area_sec is consistent
with Laing et al. (2011). These authors analyzeddycle of the deep convection over a large
area of tropical Africa including both areas of @tmdy and during 2000-2003. For two 1-
hour intervals (14:00-15:00 UTC and 17:00-18:00 J@sides eight considered in their
study, they found the location of a sharp maximdrthe average hourly frequency of coldest
clouds in eastern DRC close to Area_max. The iater#5:00-16:00 and 16:00-17:00 UTC
were not plotted in their graphs. They noted theximum for the two months April and
October analyzed in the study. They also showetdthieathunderstorm activity is minimum in
the part of DRC that corresponds to both areasuofstudy during the time interval 05:00-
06:00 UTC in April and during 08:00-09:00 UTC intOlser (06:00 and 07:00 UTC were not
plotted). The present observations about minimund amaximum lightning activities
displayed in Figure 2 are consistent with thosd.épg et al. (2011). Indeed, the maximum
of the activity is invariably between 16:00 and@¥:.UTC for Area_max, and in a larger
temporal window for Area_sec (~17:00-19:00 UTC 012 and 16:00-17:00 UTC in 2013).
The maximum storm activity is therefore more vaeah time for Area_sec. The minimum is
invariably between 07:00 and 08:00 UTC for Area, $stween 08:00 and 09:00 UTC for
Area_max. In Albrecht et al. (2016) for the studylightning hotspots, the daily cycles are
considered for severhbtspots located in our aredhey found a daily cycle more pronounced
for the hotspots included in Area_max comparedéohotspots included in Area_sec, which
is consistent with the present study.

The comparison of the monthly activity in Area_mamd 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 respictared the minimum in August for the
two years. At the seasonal scale, the monthly iactie cumulated over three months
following the average monthly activity found in $awet al. (2016) for the whole Congo
basin. The inter-annual variability is well visibded reproduced from one year to the next.
Even in these three years the minimum proportia@ivisys in August and in Area_sec (about
3 to 4%). The maximum proportion is also in Area bat on different months (from 14 to

16%). So the seasonal contrast is much strong@rea_sec than in Area_max. This result,
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due to the migration of the Intertropical ConvergerZzone (ITCZ), is consistent with the
contrast of the seasonal variation in lightning\dist found in Soula et al. (2016). Area_max
is less impacted by the migration of the ITCZ beeathe triggering of thunderstorms in this
area has a very local origin.

The positive correlation observed between the dailyvities of the two areas means there
may be an influence between them or a common dawsglain the storm activity. However,
the low value of the correlation coefficient indes the activities can be different on the
guantitative aspect. Figure 7 displays the dailmsttg of lightning flashes detected by
WWLLN on 25" of December 2013 in Area_sec (a) and in Area_nigx This day is
considered because the activity is strong in bothsawith 18107 and 10257 flashes detected
in Area_sec and Area_max, respectively. Firstlig thstribution shows the lightning density
is high (scale in fl ki day’) in local spots that correspond to convective §ooé
thunderstorms. In other words, for a given day, ligbtning activity can be strong in a
restricted area and weak around in term of flastmber. This characteristic of the storm
activity is well known and pointed out by many weiCarey et al., 2005; Soula et al., 2014).
Secondly, the lightning spots seem east-west etedga majority, which could indicate a
propagation of the storms within this direction.ushthe strong activity of a given storm is
probably limited over the time. However, the caatiein between both areas probably exists
because of the eastward propagation of conditiawurable to the development of
thunderstorms, as instability of the atmospheredednl, Laing et al. (2011) showed
convection over equatorial Africa can be moduldigdifferent conditions at synoptic scale
for local occurrence or propagation of mesoscalavective systems. They especially
mentioned the eastward-moving equatorially trappeelvin waves, the south-westerly
monsoonal flow and the midlevel easterly jets.slttherefore consistent to obtain a low
correlation between our two areas characterized abygtrong annual storm activity.
Furthermore, the correlation study is done at ttaesof the day and as most thunderstorms
develop at the end of the day, storm activity cacuo during the following day in Area_sec
that is several hundred kilometres to the West.

The distribution of storms in the Congo Basin mgainésults from four contributions,
namely: development, propagation, merging and reggion of thunderstorms. As
thunderstorms can develop everywhere in the Corgmnpthey 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 conditiémis development and enhancement of
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thunderstorms. The most intense storms, at plansizale, are found in the Congo Basin
(Zipser et al., 2006). Area_max is probably the hamdive region in the world in terms of
thunderstorms since the number of days of the wahrthunderstorm activity is found to be
maximum there (Figure 1c-d) and the density ofthghg is large over this extended area
(Soula et al., 2016). On the other hand, accordingrevious studies, Equatorial Africa
thunderstorms spread from the east to the westengd@basin (Laing et al., 2011; Nguyen
and Duvel, 2008; Laing and Fritsch, 1993). Thenntlarstorms may propagate from
Area_max to Area_sec but different processes agingeand regeneration may affect their
intensity and induce different characteristicshiesde areas. Several studies have shown that
heterogeneity of soil moisture or vegetation plagla in thunderstorms triggering (Taylor et
al., 2011; Garcia-Carreras et al., 2010). Furtheemihe modelling results of the Global Land
Atmosphere Coupling Experiment (GLACE) classifiedquBtorial Africa, including
Area_max and Area_sec, among the regions of sttoogling between the atmosphere and
the soil moisture (Koster et al., 2004). Thus, efiéhces of soil moisture and/or vegetable
cover between Area_max and Area_sec may contriioutiee differences between lightning
activities of the two areas.

Farnsworth et al. (2011) pointed out that the ME@8asstitute the fundamental unit of
vertical energy transport in Central Africa. In etlwords, convection in this region generally
leads to the formation of MCSs. This observatiorrassistent with the results of Liu and
Zipser (2005) and Zipser et al. (2006) (on deepreotion in the Congo basin). They showed
convection in the Congo basin frequently overshdbts tropopause. The climatology of
MCSs in Equatorial Africa, including the whole Canigasin, was presented in Jackson et al.
(2009). From a five-year series of data, theseasthave shown that the zone on horseback
at the equator between 5°S and 5°N and extendamg fhe Atlantic coast to the west side of
the high mountains of the Rift Valley is the mostie in terms of storm activity because it
includes two of four maxima in the number of MC8attthey have identified. In our study,
Area_max and Area_sec coincide with the region wldackson et al. (2009) found the main
number maximum of MCS. Actually, in Jackson et@g cores appeared in the structure of
this main maximum, one that corresponds to Areawstta less pronounced maximum of
number of MCS and a larger number of lightning Hies per MCS. The second core in
Jackson et al. corresponds to Area_max with a qaneounced maximum. They explain the
origin of the large number of MCS in this large afey a maximum of midtropospheric

convergence on the west side of the African easjerlof the Southern Hemisphere (AEJ-S).
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They observe this condition more pronounced in $@&son compared to MAM in the same
way that we observe also more flashes accordifggiore 6¢. Indeed, according to Mohr and
Thorncroft (2006) and Laing et al. (2008), the waltshear related to the African easterly jet
(AEJ) influences the location of intense convectystems. Furthermore, mountain ranges
help to initiate long-lived MCSs (Laing et al., Z3)®011). According to these authors, in all
the regions the convection initiates over the dkxvaerrain and then propagates in conditions
of moderate vertical shear to develop into mesessgistems. On the other hand and
according to several authors, the propagation n¥ection in Equatorial Africa is modulated
by convectively coupled, equatorial Kelvin wavesifig et al., 2011). During the active
phase of these eastward-propagating large-scalesydWCSs are larger and more intense.
These convection systems occur farther east frontalday, and propagate westward within
the Kelvin wave envelope. During the dry phase lnd Kelvin waves an upper-level
convergence is produced, which eliminates the deepvection and the westward
propagation. Thus, the region corresponding to Amex seems to have a stronger maximum
of MCS number, as we find a larger FRD. Area_maxlzioes two conditions favourable for
thunderstorm activity, the convergence evoked lokskan et al. (2009) for the large region
and a local orographic effect that reinforces tiiece of the first one. Area_sec seems to take
advantage of the westward propagation/regeneratidiCS, at a distance from the initial
occurrence that depends on the phase of the Kalawves, which explains the widespread
large values of FRD observed within this area.

The presence of mountains or elevated terrain weays a determining factor in the
mechanism of thunderstorm. For example at a verllscale, Munoz et al. (2016) explain
the role of the topography combined with Nocturbalv Level Jet in the largest FRD in the
world observed in the region of the lake Maracai\denezuela. At a more global scale,
William and Sétori (2004) compared the lightningl aainfall activities in both Amazone and
Congo basins and interpret the greatest FRD obdenv€ongo basin in terms of features
more continental (drier and warmer) and a largevation.

According to Zipser et al. (2006) the proportionrdEnse convective events is larger in the
region corresponding to Area_sec compared to tbaesponding to Area_max (see their
figure 3). This result is consistent with the prasggure 5 concerning the distribution of the
daily flash number in each area, especially thelgka) where the flash counts are made from
06:00 to 06:00 UTC. Furthermore, the DE is a lititever in Area_sec compared to

Area_max, according to the results displayed irufgdl. Thus, Area_sec is concerned by a
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385 more irregular thunderstorm activity, with both teast active days and the most active days.
386 It is well illustrated with the example in Figure displaying the daily lightning activity for
387 the most active day in Area_sec (see Figure 5didd, the FRD for the day is more scattered
388 in the whole area for Area_sec. The distributiontiminderstorm activity is substantially
389 different in each area, concentrated with a veryketdh daily cycle in Area_max, and

390 scattered with a daily cycle much less pronounced.

391 5 Conclusion

392 The spatial and temporal characteristics of thiettiopng activity are analysed in two areas of
393 the Congo basin, Area_max with the strongest thrstolen activity and Area_sec with a
394 secondary maximum. First, the lightning flashesraueh more concentrated in the same part
395 of Area_max for both years, while they are wideagran Area_sec. Secondly, the frequency
396 of days with low activity is larger in Area_sec ahe frequency of days with high activity is
397 larger in Area_max. However, the frequency of daith very high activity is similar in both
398 areas and even the largest daily flash numbersletexted in Area_sec. Thirdly, a stronger
399 contrast between the maximum and the minimum irdHily cycle is observed in Area_max
400 with a ratio of about 15.4 while it is only 4.7 fArea_sec. In conclusion, the thunderstorm
401 activity is more variable in Area_sec, in termslafation, daytime of occurrence, seasonal
402 distribution and intensity in terms of number odshes. These differences are consistent
403 Dbecause Area_max combines two favourable effeatstHonderstorm development, the
404 convergence associated with the AEJ-S, especialiyngl SON and DJF, and a geographic
405 effect due to the orography and the presence aka [The location of the strong convection
406 in Area sec is widespread, according to the distanand direction of
407 propagation/regeneration of MCSs that initiateHarteastern, especially in relation with the

408 phase of Kelvin waves.
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Table 1. Flash count and flash density in both areas.

Flash count Maximum flash density
(fl yr'* km?)
2012 2013 2012 2013
Area_max 696,144 1,000,687 8.6 15.3
Area_sec 526,278 760,405 4.4 5.9
ratio 1.32 1.32 1.94 2.59
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Table 2. Number of days corresponding to lightning clasedbe two study areas during the
2012 (366 days) and 2013 (362 days). The percensagalculated in relation to the total
number of days during the year.

Flash number CLASS Number of days)(
2012 2013
Area_max Area_sec Area_max Area_sec
0-100 CLO 71.91) 59 (16.12) 4 (1.10) 43 (11.88)
101 - 1,000 CL1 12138.06) 130@5.52) 80 @2.10) 121 (33.43)
1,001 — 2,000 CL2 997.05) 68 (18.58) 79 21.82) 58 (16.02)
2,001 - 3,000 CL3 7310.94) 52 (14.21) 70 (19.34) 52 (14.36)
3,001 - 4,000 CL4 33B(20) 24 (6.56) 43 (11.88) 29 8.01)
4,001 - 5,000 CL5 16437) 17 @.64) 38 (10.50) 17 @.70)
5,001 - 6,000 CL6 1@(73) 7 (1.91) 18 @.97) 12 3.31)
6,001 — 7,000 CL7 41(09) 4 (1.09) 12 3.31) 11 3.04)
7,001 — 8,000 CL8 2(55) 1(0.27) 7193 10 2.76)
8,001 — 9,000 CL9 4 (@9) 1(0.27) 20.55) 2 (0.55)
9,001 - 10,000 CL10 ®(©0) 0 (0.00) 2 (0.55) 2 (0.55)
> 10,000 CL11 0Q.00) 0 (0.00) 7 (1.93) 5 (1.38)
Total 366 100) 366 (L00) 362 (L00) 362 (L00)
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