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SUMMARY
A drief descriptiom of the lightnimg stroke eoumter, develeped Wy the
Electrical Research Asseciation (E.R.A,) is followed by the lecation
of the thumderstorm day _(T.S.D.) listeninmg statioms amd the lightming
stroke counter statioms throughout Sierra Leone, Tabulated results
ef thumdersterm days, for the period January 1963 o Becember 1964 and
from thirty-nine statioms, are compared with lightnirg count (L.C,)
figurea from eight counters operating throughout most of the same
period, Using these figures ax attempt is made to describe the
pattern of thumderstorm and lightning activity over the country during
the various seasons, The monthly variationm in the number of T,.S.D.
and spread of thumder over the country, amd the diurmal variatiom in
the time at which thunder is heard, are givem amd the latter is

compared with the diurmal variatiom im rainfall,

Comsideration of future werk suggests that T,3,D, amd L,C, figures
for a lomger period of time should be collected, Some improvememt
in the design of the coumter is needed so that calibratiom cam be
earried out by semi-skilled operstors., Since the E.R.A. counter
registers both cloud-to-cloud amd cloud-to-greumd strokes, it would
be useful to install a mumber of Malam counters vhich register omly
cloud-to-ground strokes, Limited observatioms suggest that the
frequency of C/G strokes is much less tham the frequemcy of C/C

strokes,

The results from the eight lightning counters imdicate that

lightning counts eccur ex days vhem thumder is mot reported frea



oy oooxly otatlen, Jwthor work ic rocdcd 0 dotermdrs the comso

of thosa crtmrecws cowntd,

In tho Appardiecs, en cstirato of the offective xange of tho
U atedng countor is Ccado together vith the offoct of anbiamt
tenperatura en the scncdtivity ealibration, [Ieurly eount rates fox
Froctown inmtrunant axo given amd fron vhich typical patterns of

thuwvderstoxns are obtalned,
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) SUMMARY

A brief description of the lightning stroke counter, developed by the
Electrical Rescarch Association (E,R.A,) is followed by the locetion
of'- the thurderstorm day (T,SeDo) listeming statioms and the lightning
stroke coumter statioms throughout Sierra Leone, Tabulated results
of thunderstorm days, for the period January 1963 - December 1964 and
from thirty-nine stations, are compared with lightning count (L.C.)
figures from eight counters operatimg throughout most of the same
period, Using these figures an attempt is made to describe the
pattern of thunderstorm and lightning activity over the country during
the warious seasons, The momthly variatiom in the number of T,S,D.
and spread of thumder over the country, and the diurmal variatiom in
the time at which thunder is heard, are givem amd the latter is

compared with the diurmal variation im rainfall,

Comsideration of future work suggests that T,S.D, and L,C, figures
for a lomger pericd of time should be collected, Some improvement
in the design of the coumter is needed so that calibratiom can be
carried out by semi-skilled operators, Since the E,R,A, counter
registers both cloud-to-cloud amd cloud-to-groumnd strokes, it would
de useful to install a mumber of Melan counters which register only
cloud=-to-ground strokes, Limited observations suggest that the
frequency of G/G strokes is much less then the frequency of c/c

strokes,

The results from the eight lightning coumters indicate that

lightning coumts occur on days when thunder is mot reported from



any nearby stetion, Further work is mceded to determine the cause

of these extrameous counts,

In the Appemndices, an estimate of the effective range of the
lightning counter is made together with the effect of ambient
temperature on the sensitivity calibration, Hourly count rates for
the Freetown instrument are givem and from which typical patterns of

thunderstorms are obtained,
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1.1,

INTRODUCTION

GENERAL

In & developing country it is important that the matural resources of
the country should be used %o the full, In Sierra Leone, these include
such minerals ss diamonds, irom orec amd bamxite,and market produce which
includes some coeoa, pslm korncls and palm oil, The eountxy is broadly
@ivided into two secctions; the Froetown pemimsuls and tho rest of the
country - usually referred to as fup~coumtry®, The Freetown peminsula,
vhich is: the most highly developed part of the coumtry, accounts for
only 256 8q, mls, out of a total area of 27,925 sq, mls, It has mome
of the resources listed above but, beimg situated om the coast, it
contains the only ports which cam be used for shippimg exports to
overseas customers, Amy large scale expamsion of imdustry which
depends: upon the matural resources of the country will require = system
of electric power generatior and d@istribution which will supply clectrxic

pover to tho areas where these resources are te be foumd, The present

policy is to build small, unccomomical power statioms at widely

scattered parts of the country, Oftem these are in small towns where
the demand, which is mainly for domestic purposes, is too small for any
gencrating plant to rum effieiemntly, It is becoming more obvioug that
the possibility of a traxnsmissiom and distributiom system, linking

together presemt and future power stations, must be comsidered,

Sierras Leone is a foebly urbanised country, Freetown has a population
of 128,000 and the only other major town outside the Frectown peminsula

is B0 with = population of betvéen 40,000 and 50,000, There arc fow

(r1)v z:,’.'w .
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L.2,

othor towms with populatioms of more tham 10,000 amd the estimated
total population of 2,183,000 is scattered over the coumtry giving

a populatiom demsity of 78 / sq. ml, Whilst this is the fifth
highest demsity im Africa, it is very low wvhem compared with the-
figure of 200 / sq. ml, found im tho United Kingdom, It meams that
much of the country is still unpopulated amd is covered with bush amd
forest, If an cloctric power tramsmission and @istribution system
is developed it would seem that the overhead lime would be more
economical than the umdorgroumd cable, This would be true for both
tranemissiom and distributiom, This is, in faot, the method used at

the presemt time,

Sterra Leome is in the area of the world having the highest incidemce
of tmmderstorns (1), e results of this survey will show that this
varies im intensity in differemt parts of the coumtry, If overhead
transmission and @istributiom lines are to be used to carry power to
different parts of the coumtry, a very careful choice of power linme
routes and location of generating stations could lead to a saving im
rlmning-oosts and a reduction in the number of faults caused by
lightning, Other factors such as the situation of load demand centres
and the mature of the land surfaces will have to be considered, but the
incidence and distribution of thumderstorms and lightming will be of

ma jor importance,

METHODS OF ASSESSING TEUIIDERSTORM AND LIGHTNING ACTIVITY

Thunderstorm and lightning activity can be assessed in two ways. The

- jncidence of thumder cam be measured by counting the number of days

(2)



during which thunder is heard. By international agreement any

calendar day on which thunder is heard is called a thunderstorm day
(T.S.D.)(2) irrespective of the duration or intensity of the
thunderstorm. This is particularly misleading in the present survey
since, in Sierra leone, it sometimes happens that a single thunder
cloud is seen to develop in the mid-afternoon, later producing one or
two thunderclaps and then dispersing. This will count equally with a
day during which severe thunderstorms continue for long periods
throughout the day. In the present work there is one deviation from

the international agreement. A T.S.D. is reckoned from 0800 hrs.

on one calendaf day to 0800 hrs. on the following day. This
arrangement has been used in other surveys (1 and is a more convenient
method when recordings are being made by voluntary observers and not by

trained meteorological staff.

In order that more accurate measurements of the incidence of

{
thunderstorms can be made, and to overcome the difficulty already

mentioned, a number of lighining stroke counters have been designed (3).
The counter described by PIERCE (4) has already been used in Sweden,
Norway and Finland (5), in Southern Rhodesia (6) and in work in other
parts of the world. So that the present results can be compared with
world wide figures (7) this instrument was chosen for the present
survey (8). It also has the advantage of cheapness and, being

battery operated, it is independent of external electricity supplies.

A detailed-dssbription of the counter is given on pages )(

(3)



1,3, ACCURACY OF RESULTS

Pravious workers in this £ic1d (1) have been able to use only trained
meteorological ob_servers; for recording T,S.D, readings, Simce there
arc only six official meteorological stations, mammed by trained
observers, in Sierra Leome such limitations are impossible, Iay
obgervers have had to be used but certain factors have reduced the
persomal effect in assessing the data, Outside Freetown there is a
little background noise to be confused with thunder, Watchmen are on
duty throughout the hours of darkness and at most stations there has
boen = 24 hour watch for storms, Two checks upon the accuracy of
the 7,S,D, roports have been mades At seven Statio:_zs two or more
observers have made indopemdemt momthly reports, These have usually
agroed within 90 %  Further, when cach station is ranked
according to its annual total of T,S.D, for cach of the two years
covered Yy the survey, there is significant agroement between the
ramk order for each year (see Table 1 page § ., Since many
gtations had a change :ln personnel during the period this imdicates
& general pattern of thumderstorm distribution and some degree of
acouracy of recording, In addition, Table 2 page 7 suggests
that, within the limitation of the small mumber of stations recording
P,S,D, rcadings over a longer period of time (10 years), the 1963 -
1964 results follow closely the average figures for the years

1951 - 1960, Comsequently, it is folt that the data offered in

the following pages is. pu:obably- within the 90% accuracy suggested

vy EREFT 1) and others,

(4)



~ To assess the accuracy of the lightning stroke counrter rosults is more
difficult, It is certain that the range of the counter is greater
than the range over which thunder is heard, The average range of the
counters used in this work is assessed at 20 mls, (Appendix 2 page 69 )
s0 the mmber of T,S,D, used in the L.C, Table 12 page 64 - 65 is that
recorded by any station withim this range of the counter,

The E,R,A, counter is known to be affected by H.T, transmission lines
but, simce there is no such line near any of the coumters, this will
not influence the accuracy of the results of the presemt survey,
However, the coumters have registered om days when thunder has not
been reported, On ome occasiom the Freetown instrument was known to
be counting some strokes from a storm estimated to be 100 mls, distant
from the counter, Im arriving at a figure for the average lightning
count / thumderstorm day (Table 13 page 66 ) it is noted that the
closcat agrecment between pumber of count days and mumber of
thunderstorm days is obtained if the days om which the count was less
than 5 are ignored, VWhilst this is an arbitary figure, it has been
used by other workers in this field (9) and does appear to give this
close agreement already mentioned,

The author of this report is comvinced that the greatest source of
error im using the E,R,A, counmter lies in the difficulty in
ocalibrating the instrument correctly, One small amendment to the
circuit was made (pageT4 fig, 10 ) which made calibration a little
cesier, but this point neceds attention im future designs for

ecounters,.

(5)
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Station¥e.| 1 2 3 4 5 6 T 8 9 10 41 12 13 14 15 16

17

“Remkod 1963| 18 39 13 32 12 37 29 6 25 28 13 34 6 35 11 30 21
Reatod 1064| 24 39 18 33 317 38 17 5 10 2 13 27 14 35 18 37 1
il 6 0 =5 -1 19 -1 12 1 15 26 0 71 -8 0 -7 =7 10

a2 36 0 25 1361 1144 1225626 0 49 64 O 49 49 100

Station Moo | 18 19 20 29 22 23 24 25 26 27 28 29 30 31 32 33 M
Remkod 19631 36 31 24 26 17 1 9 20 2 32 27 38 10 16 23 22 13
Reakod 1964| 34 26 28 32 22 25 14 36 1 0 T 29 12 6 9 18 16
al 2 5 -4 -6 -5-24 -5-16 1 2 20 9 -2 10 14 4 -3
a2| 4 25 16 36 25576 25256 1 4400 81 4 100 196 16 9
Station No. | 35 36 37 38 39 no 39
Reniod 1963| 4 19 3 5 8
Rankod 1964 3 23 3 8 2
al 1 -4 0 -3-13
a2l 1 16 o 9169 &%= 3700
If R o Spoaruon’o Raﬁk Cerrclation Coofficiont,
R-1-64a
. m3b n
= 16 x 3700
393 - 39
R o 0.625
c—————
Studont ¢ = B (n - 2) / (1 = B9)
= 0.63 37/ (1 - 0.63%)
% o 4,95 .

Simeo thio is groator than tho 1% lovel of ¢ with 37 degroes of freoeden (2.7)
1% imdientos o significent degree of agroooont. Thls suggosts that tho T8S.Do
rocords for tho twe yoars comfora to @ similar patterm of rolativo covority.

Toblo 1. RANK ORDER OF STATIONS SHOUING T.S.D. 1963 - 1964

(6)




AVERAGE T.S.D. 1963 = 1964

(7)

J F M A M J J A S 0 N D
"~ FREETOWN 4 3 6 4,5 13 22 10 55 12 19 17.5 6
LUNGI 1.5 1.5 2.5 4.5 19 20,5 12 5.5 16 20,5 21,5 5.5
BONTHE 2,5 6 9 7.5 25.5 19.5 7.5 6 12 20,5 20 12
BO 3 8 15.5 13 25 24 16,5 8 20 27 21.5 8.5
KABALA 3 2.5 7.5 11,5 19 25 17.5 7.5 185 21 9 305
DARU 4 10,5 15,5 10.5 24.5 22,5 16 9.5 19 . &5 16,5 7.5
Total 18 31,5 56 51,5 126 131,5 79.5 42  97.5 133 106 43
Mean }. 52 9.3 8.6 21 21.9 13,2 1 16,3 22,2 17.8 T.2
Mern % 9.7 18,3 30 28,6 67,7 713 42.6 22,6 54,4 T1.6 59.4 23,2
AVERAGE T,S,D, 1951 - 1260
J F M ,é M J J A S 0 N D
FREETOWN 1l 1 3 7 15 15 b 2 11 12 11 3
LUNGI 2 3 5 13 25 25 12 7 20 27 24 8
BONTHE 6 7 13 18 27 22 6 5 16 23 26 12
EO 3 7 14 20 26 23 11 8 20 26 25 8
KABALA 2 3 8 14 21 24 15 12 22 28 15 4
DARU 3 8 15 22 24 22 11 9 23 28 24 7
Total 17 29 58 94 138 131 61 43 110 144 125 42
Mean 2,8 4,6 9.7 157 253 21,8 10,2 7.2 18.3 24 21 1
Meen % 9 17,1 31.3 52.3 T4.2 72,6 32.9 23,2 61 7.5 10 226
63/64 % | 9.7 183 30 28,6 67.7 75 42,6 22,6 54.4 Tl.6 59.4 23,2
Table 2. COMPARISON T,S.D, 1951 - 1960 and 1963 - 1964




2, DESCRIPTION OF EQUIPMENT USED . TR

2,1, LIGHTNIRG SM COUNTER
The instrument used for counting the mumber of lightning flashes is
the EsR,A, Lightning S‘_tmke Counter first described by PIERCE and
later modified by GOiaDEo It is the instrument chosem by the
CoL,G,R.E. Study Committee No, 8 for Lightning messurements in

various parts of the world,

RS

11

I

s3 ? B!
3
Qe
L

- Pl -
[
A
R3 I

Pig,- 1. CIRCUIT OF LIGHTNING COUNTER,

Component valucs

By By By By 10

33 1M
R5 0,15 MR
Y >
RV Yoltago~dependent resistance,

(8)



P, 5 M. B, Ever-Ready B 126, 90 V.
c, 10,000 pF B, Ever-Ready B 107, 90V,
C, 220 pF M.R.,  Ever-Ready L0OOC

Cy 470 pP v, Hivac XC 23

¢, 8 AF

C; 100 pF

Cg 47 pF

In principle the counter comsists of a cold-cathode gas filled triode
V1 operating a discharge circuit 3504 through an electromagnetic
message register M.R. thus recording the lightning stroke. A test
circuit c1 R1 02 R2 enables an impulse voltage of 20 V., taken from
resistance R3, to be applied to the condenser 01 and so allows the
trigger potential of V1 to be set, by means of the sensitivity
control potentiometer P1, to a value 10 V. below the static strike

voltage. In this way the sensitivity of the counter is determined.

The signal received from the aerial array is passed to a resistance -
capacitance filter R4 03 having a maximun transmission in the range
500 ¢/s to 1000 o/s. The output voltage from the filter is applied

to the trigger electrode of the valve. Since this electrode is
already at a potential of 10 V. below strike voltage, any signal from
the aerial greater than this value will cause the valve to become
conductive., This allows the condenser 04, already charged from the
battery circuit, to be discharg;d through the valve and the messagé

register, and one operation is recorded. The value of resistance

(9)



202

RS'- .is fixed so that the valve becomes mom-confluctive immediately
following the discharge so enabling condenser C 4 to be recharged

im readiness for the mext operation,

A resdistance R6 and a capacitance 05 are connected between aerial
and earth to prevemt excessive static voltage being accumilated on
the aerial, The voltage-dependent resistor RV protects the
agpparatus from excessive woltages om the gerial, Only on ome

accasion was this resistor damaged and this from a c/ G strike 200 yds,

.@istant from the installation,

AFRIAL ARRAY

Details of this are showm im Fig, 2 page 11 o It consists of
six parallel copper wires, each 45 ft, long and 1/8 th, inch diameter,
spaced 6 inches apart amd j‘;oined in good electrical comtact at each
end, One end of the aerial is held, by mcams of two 33 Kv
imsulators, at groumd level and the other emd at a height of 30 ft,
supported on a wooden electric power line pole, The pole rests on
@ metal earth plate 4 ft. x 2 f£t, and 6 ft. below ground level from
whick an earth connection to the counter is made, The connection
between the aerial and the instrument is made by heavily insulated
conductor so that the total resistance between acrial and earth
terminals at the counter is never less tham 3 M2, In order to
maintain this high walue of insulation resistance, the insulators
are protected from the rain by two rain shields and are painted with

s resin compound., At each site the aerial array is situated well
(10)
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263

away from tall structures or trees with a separation of at least
twice the height of the structure betweenm obstacle and aerial, It
should also be at least 1000 f%, distant from any high-tension
trensmission line, In Sierra Leone the latter condition was easy

to sstisfy since there are few transmission lines of any descriptiom,

After the oxperience gained im installimng the first three coumters,
(at Frectown, Yengema and Bo), the aerial array wes changed to- one
in which the wires were held parallel to the ground and at a height
of 15 ft, from it, This was found to be necessary because of the
difficulty of obtaiming and handling 40 £t, power line poles in
remote up-country districts of Sierra Leone. The counters at
Rokupr, Lakka, Makeni, Kenema and Daru operated from this type of
aerial, but in all other respects were similar to the other
installations, Fig 3 page15 shows & typical arrangement of the

latter type being the ome at Rokupr,

CALIBRATION OP COUNTER

General
The  trigger voltage of the valve is approximately 60 V, By altering
the sensitivity Gomntrol & potential 10 V below this is applied to the

trigger electrode,
In order to calibrate the instrument a. test circuit cam be switched

on using switch S, end, by pressing sultch S,, the extrs 10 V is

1
applied o the trigger electrode, The counter should now operate,
Should the counter' not register the main trigger potential must be

(12)



increased by rotating the sensitivity control P

Calibration Procedurs

is pressed ten times at

With switch S, turned to *test! switch S

1 2
intervals of 5 seconds whilst slowly rotating the semsitivity oor'xtrolo
When the counter operates on alternate presses the iﬁs'h:ument is
calibrated correctly, In practice it was found to be very

. difficult to obtain altermate operations, Appendim 3 suggests that
out of tem presses any mumber of counts between three and seven
=should. be accepted, This procedure waes adopted at all stations,
Since the test voltage is obtaimed from a fixed tapping on the
resistance chain P} Ry By it is dependant upon the voltage of the

battery and frequent calibration is therefore necessary.

In practice the above procedure was foumd to be very difficult simce
even the siightest movemeht of the sensitivity comtrol kmob could

throw the instrument completely out of calibration,

On two occasions the newly erected installation was correctly
ocalibrated at a time when the surrounding air temperature was high,
‘and each time the instrument failed to register mearby lightning
occuring during the cooler hours of darkmess, Omn inspection the
following morning the counter was found to be under-sensitive.
Purther work (Appendizx 3 page 73 ) suggests that the ER.A,
Counter is dependent upon temperature and that at a temperature of

gbout 269 C the instrument is unstable and calibration is

(13)



impossible, For these reasons all counters: used in the present

survey were calibrated at 0800 hours G.M,T,

(14)



FIG.3. COUNTER INSTALLATION AT
ROKUPR

THIS INSTALLATION HAS THE AERIAL
PARALLEL TO THE GROUND AND 15
FROM IT. IN ALL OTHER RESPECTS
IT 1S IDENTICAL TO THE ONE

SHOWN IN FI1G.2 PAGE Il

(16)
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INSULATED SUPPORT FOR AERIAL SHOWING
RAIN SHIELD.

E.R.A. LIGHTNING STROKE COUNTER

F1G. 3.cont. COUNTER INSTALLATION AT ROKUPR

(16)



3.1 LOCATION AND DESCRIPTION OF T.S.D. RECORDING STATIORS

Description of

Map Station Lat.F. | Long.W. { Al%.
Rof. abeve Station

S.L.
¢ 1/1 | Freetomn 8 28 {13 16 | 1100 £%. | Doublo statien
€ 1/2 | Guma 8 21 {13 14 30 Enginocoring
¢ 1/3 | lungi 8 38 113 14 83 Motoerelegical
€ 1/4 | Kisay 8 28 | 13 12 10 Medical
€ 1/5 | Bouton 8 20 {13 1 40 Agricul tural
€ 1/6 | Hastings 8 23|13 9 50 Miosicnary
C 1/7 | Pepsl 8 25 | 13 4 55 Tochnical
¢ 2/1 | Masanki 8 18 | 12 48 Agriculturcl
B 2f/1 | Kambia 9 71|12 55 65 Double statien
B 2/2 | Rekupr 9 1|12 s7 26 Agrieul turcl
C 2/2 | Rotifunmk 8 14 | 12 40 Modical
¢ 2/3 | Bauys 8 11 |12 34 Modical
D 2/1 | Bemtho 7 31 |12 3| 10 Moteorologieal
€ 2/4 | Marempa 8 41 |12 28 | 200 Toshnical
B 2/3 | Batkanu 9 4|12 24 Postal
D 2/2 | Mottru T 37 {12 11 73 School
D 2/3 | Luaws 7 37|12 7 Scheel
D 3/1 | Kpotena 7 50 | 11 59 School
D 2/4 | Sorabu 7 47 {12 9 lledical
¢ 2/7 | Wjalo 8 6{12 5| 1671 Doublc statien
¢ 3/1 | Negburakn 8 43 |11 56 | 300 Seheol
¢ 2/5 | Makoni 8 53|12 3| 215 Maltiple station
¢ 2/6 | Toko 8 49 |12 2 { 270 Government
D 3/2 | Pujobun 7 22 |11 43 73 Gevernmont
D 3/3 | Torsa Bum 7 27 |11 55 30 Agrioultural
|D3/4 | Bo 7 58 |11 45 | 334 Multiple statiem
D 3/5 | Bumpo 7T 54 | 11 54 Scheel
D 3/6 | Tikenko 7 53 {11 47 Missionary
E 3/1 | Sulime 6 58 {11 34 12 Medicel
B 3/1 | Kabala 9 35 | 11 33| 1522 Double station

(17)




'D 3/7 | Kencma 7 52 [ 11 11 | 500 Scheol

C 3/2 | Dedo 8 9 |11 10 | 1000 Porostry

C 4/3 | Segbwema 8 0|10 57| 700 Missionary

¢ 3/3 | Vordu 8 37 |10 57 Schoeol

D 4/1 | Daru 7 5 (10 50 | 630 Moteerelegioal
D 4/2 | Jojoima 7 53 |10 47 Missionary

C 4/1 | Pondembu 8 6 |10 41 | 640 Agrioul tural
C 4/2 | Sandaru 8 24 |10 42 | 1000 Missionary

C 4/4 | Kailahun 8 17 |10 34 | 960 Deuble statien

Pable 3, LOCATION AND DESCRIPTION OF T.S.D. STATIONS

Of tho sixty five stations originally in tho gurvey twomty two have
sent a ocmploto sot of roports for the peried January 1963 to Dscember
1964, Twenty six stations have sont insufficiont data te be ineluded
in this report and the romaining soventeen statiens havo roported for
net less than twenty omo menths in the twe yoars. In this cass the
punber of T.S.D. in tho missing months havo bosn estimatod from tﬁe
figures frem nearby ctetions. Sene of the statiems vhich, bocauss of
insufficiont data, worc net imoluded in draving tho isepleths, .rsperted
for the first yoar of tho survey. Thoir T.S.D. tetal for that yoar is

given in brackois on Fig.58 pago26a.

The map reforonces given im celusm i1 above refer to the square numbers

en tho map shoun on page 20.

(18)



3,2 LOCATION AND DESCRIPTION OF LIGHTNING COUNTER STATIONS

Station Lat.N. Long.,W. Alt. Description

above of station

S.L.
Freetowm 8 28 13 16 1100 £td University Colloge
Yongema | 8 39 11 4 1282 Diamond Mines
Bo 7 58 11 45 334 Secondary school
Lakka 8 24 13 15 S.L. Elec.Eng. residence
Rokupr 9 1 12 57 26 Research station
Makeni 8 53 i2 3 2715 Agricultural station
Daru 7. 59 10 50 630 Army depot
Kenema T 52 11 11 500 Elec. power station

Table 4. LOCATION AND DESCRIPTION OF LIGHTNING COUNTER STATIONS

(19)
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STATEMENT OF RESULTS

Appendix 1 (Tsbles), page 42 , Table 8 D, lists the monthly T.S.D
figures for 1963 - 1964 toéether with the mean values for the same
period, The only results which are listed in this table are from
stations recording for at least twenty-one momths out of the two

year period, Where ome such station failed to submit a report for

~ any month, an estimated figure has been included and is underlined

in the table of T,S.D, This: estimation has beer made on the basis

462,

403

4040.

of the mumber of T,S,D, reported from nearby stations and from

monthly patterns of distribution over the country,

Meny stations reported the time of day during which thunder was
heard, If thunder ocourred at any time during the hour, this was
counted as ome T,S, hour, Table 9 , page 46 , tabulates the

diurnal variation in the time of thunder heards

An estimate of the spread of thunder is made in Table 10 , page 47
The number of stations reporting thunder on the same da,y is
expressed as a percemtage of the total mumber of stations operating

on that day.,.

The daily lightning counts are given in Table 11 , pages 48 - 63 ,

(21)
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5.  DISCUSSION OF RESULTS AND DISTRIBUTION OF THUNDERSTORMS
501, GEOGRAPHICAL DISTRIBUTION OF ANNUAL TOTALS
a, All parts of Sierrs Leome experiemce m high incidence of thunderstorm

days, . The highest mean count for the perioed under review was 190 at
BO, whilst the lowest mean count was 52 at GUMA, Two stations
reported over 50% of the days of the year as T.S.D., a further seven
stations over 40% T.S,D,, seventcen stations over 30% T,S.D., eleven
stations over 20% T,S.D, and two statioms over 10% T.S,D, The
highest individual annual total was 197 at TEKO in 1963, That these
figures are high will be appreciated when they are compared with the

annual means teken from some of the world's major cities, (Fig. 5

ToSoDs % ToSoDo
CALCUTTA 90 25 SYDNEY 28 ToT
SATGON 84 23 HAMBURG 23 6e3
BANGEOK 58 1509 ROME 21 5.8
BUENES AIRES 39 10,7 LONDON 16 4.4
CHICAGO 37 10,1 TOKYO 13 365
NEW YORK 31 8,5 CATRO 3 0.8

FIG,.5. ANNUAL MEAN T.S.D., FOR SOME MAJOR CITIES
Sele.

b, With results available for only two years, it is mot possible to draw
with any acouracy isoceraunic lines showing places of equal number of
 thunderstorm days by using mesn T,5,D, figures. Observations over a
miclhx longer period of time would be needed before this could be dome,

A more reliable guide to the geographic distribution of ;hamderstoms

is achieved by using the rank order, based on meam T.S.D. figures, to

draw the isopleths and to take the mean values of T.S,D, for the
(25)



stationé falling on or mear each line for the magnitude of the lime,
The map of these isopleths is shown in Pig,5a , Page 26a o The
individual mean mumber of T.S.D. for each statiom is shown alongside

of the station,

There are two arcas of high thunderstorm incidence following lines
running in a general directiom of north-south, The first is along
s lime passing through ROKUPR, MASANKI and BONTHE, "Rokupr, in the
north,. is adjacent to the RIVER SCARCES, MASANKT is in an area having
many rivers and BONTHE, being on SHERERO ISLAND, is also surrounded
by changes of land/water surface.
The second high lime is in the esst of the country, passing through
SANDARU, DARU, south of PENDEMBU, followimg the lime of the MOA
RIVER, The lwest-_isopleth is that passing through GUMA, KISSI and
BASTINGS, These are all low lying areas, at the foot of the
COLONY HILLS, end on,or mear, the coast, Thunder from more distant
storms will mot be heard at these stations, Whilst FREETOWN is mt
very distant from any of these placgs, the Freetown observation post
is on the BAVELOCK PLATEAU at a height of 1100 fi, and so distant
thunder is more easily heard, This difference between adjacent
sites umderlines the difficulty in assessing thunderstorm activity
using the ToS.D, method,
Moving to the east from Freetown, the number of T,S.D, decreases
Seyond the Colony Hills but begims to increase as the area of rivers
end wot ground is reached, It decreases again over the lower, drier,
middle pert of the country and then incresses once again as the hills
(26)
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of the east are reaachédi beyond BO, Thunderstorm incidence is high
to the east of the TINGI HILLS and in the area of the LOMA MOUNTAINS
in the morth east. Since this area is scarcely pOpulated, it 1is |
difficult to obtaim reliable T,S,D, records.

Although none of the lightning counters was operating for the whole
of the period umder roview, Table 6 , page24 , shows that DARU
has the highest lightning count per thunderstorm day (LoCo/T.S.De)
£1gure whilst FREETOWN, BO, LAKKA and ROKUPR have & similer, but
lower, L.Co/T,S.D, rate, This would suggest that the thunderstorms

are both more frequent and nore intense in the castern part of the

country,
5e1o :
¢, One other differenco between the cast and the west of the coumtry is
shown in Figs, 6 and 7 , pages28 and 29 , The monthly
vaxiai:ion in the west (marked A im Pig, 6 ) is of the general
pattern illustrated in Fig, 7.4 .. The mmber of T.S.D./month is
lowest in Jamuary and increases to a maximum in June, whilst in the
cast, Fig, T B , the first maximm is reached in MAY, A gemeral
minimum is reached in August with a second ma.ximm in October, The
genorally higher December T.§°D° figures for stations in Zone B suggest
that tho rains and thunderstorms end lator in the eastern part of the

country than in the west,

5.2, SEASONAL VARTATION IN DISTRIBUTION OF THUNDERSTORMS
Sierra Leone has two distimet scasoms, the dry season from November
to May, and the web (or raim) scason for the rest of the year, From

(27)
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502,

a total annual rainfall of 157 ims., for-Freetown, 132 ins, fallo

during the months June to October (11)0

JANUARY - MAY (DRY SEASON)
This is the part of the year with the lowest mumber of thunderstorms,
The mean value for the country is 26,8% T.S.D, with a range of 11,3%

to 44.4% for individual stations, When storms occur they are not

' genorally widespread, having a mean spread of 28.7% of stations

recordimg thurnder om any single day, Thunder is heard most
frequently in the later hours of the day, with the maximum rate of
thunder heard during any single hour occurring between 1900 - 2000
hrs, and 2100 - 2200 hrs, G,M,T. Relatively high rates are
recorded during the early hours of the morning during the first
momths of the year, The mean LeBs/TeSeDe for the whole of the dry
season (November - Mey) is 189,

JARUARY has the lowest imcidence of thunder (8,1% T.S.D.) of any
part of the year, The few storms which do occur are generally late
at night (maximum 2100 = 2200 hrs,) or in the early hours of the
morning (0300 - 0400 hrs,); they are more frequent in the latier
part of the month and are oftem localised storms, -80% of these
storms: have a spread of less than 10%  One or two storms are both
widespread (60 = 69 %) and heavy (mean L.Co/TsSoDs 203) and are
kmown locally as the 'bush-washing' storms, They are more frequent
in the up-country area (Zone B) and locel farmers will await the
arrival of these storms before starting to cut down the b_ush in
preparation for the season's. planting.. |

(30)



FEERUARY, MARCH & APRIL have increasing numbers of thunderstorm

days, becoming more widespread and occurring earlier in the day

* (maximum 1900 - 2100 hrs,), Rainfall figures indicate that many

5.2

of these days vhen thunder is heard are days-without rain, It is
during this period whem thunder will be heard for a very brief
périod during the aftermoon or early eveming without any rain
falling, The L,C.,/T.S,D, is low for February (97) but increases

in March (155) and April (256).

MAY shows a sharp increase in the incidence of thunder, having a
mesn value for the country of 54,1% T.S.D. The storms are now
more widespread with 1,6% of days having thunder reported from over
90% of the recording stations, and are occurring earlier in the day
(maximm 1760 - 1800 hrs,). It has already been said that the
eastern part of the country (Zome B) reaches its maximum incidence
of thunder during this momth, Rain is becoming more frequent
(Preetown mean for May 7 ins,) and meny of the thumderstorms are
very intense with heavy rainfall, The mean L.C./T.S.D. for May

is 256 with individual day counts as high as 2540 recorded at DARUS

JUNE - OCTOBER (RATN SEASON)

This is the season when rain becomes more widespread and continuous,
84% of Preetown's ennual rainfall occurs during this period,
Thunderstorms ere becoming less frequemt and reaching & minimum for
all stations in August (23.2% TeSoDs). Thumder is heard earlier in
the day with a maximm rate between 1700 - 1800 hrs, and a minimum

rate between 0400 = 0600 hrs, When thunderstorms do occur they are
(31)



more widespread then in the dry seasom, having a mean spread of

43% with a maximm spread of 94% and a minimm spread of 3%  Thus,
from the results of this survey, it would appear that thunder is
heard on every day during this season at ome or more stations, The
mean L.C./T.S.D, for the season is 204,

It is in JUNE that the western half of the country (Zome A) has its
maximm incidence of thunderstorns vhilst the mumber of T,5.D, in
Zope B is still high, This is responsible for the high mean value
of T.5.D, over the whole country for this month (5404% TeSeD.).

The storms are severe (L.Co/T.S.Ds 282, with a maximum individual
day coumt of 2181 at DARU) and widespread, Over 63% of days in
June have thunder reported from more than 50% of the recording

stations,

JULY & AUGUST have the meximum rainfall but a low number of
thunderstorm days (July 3306% ToSoDe, August 23¢2% ToS.D.)o  The
storms are not widespread mor severe (L,Co/T.S.D., July 92, August
103), It is during July tpat the thunder is heard at the earliest

times of the dey with a maximum rate between 1600 = 1800 hrs,

During SEPTEMBER & OCTOBER the T.S.D. rate increases to a second
maximum (56% T,SeDs ) in October as the wet season ends, Severe
storms are experienced especially towards the end of October,

Daily lightning counts of over 1400 have been recorded in Zone B,

(32)
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NOVEMBER - DECEMBER (DRY SEASON)

These two monthe show a marked decrease im rainfell but a high
incidence of thumder in November and early December, , This thunder
is again of the 'dry season' type being generally more localised
(in December 59%6% of thunder is reported from less than 10% of the
recording stations), ocourring later im the day (9.8f of the

December thunder is heard between 0400 = 0500 hrs,) and being less

_ 4intemse, The mean LeCo/TeS.D, for December is the lowest for any

5020

momth-of the year (81), Although the mean ToS.D. for December
(1603% ToSoDs) is higher then that for Jemuary (8,1% ToS.Do), the

severe bush-washing storms of Jamuary do mot happen in December,

The mormsl divisiom of seasoms into twet? and *dry' obscures the
real pattern of thunderstorm activity im Sierra Leone; May and
November are both dry seasom months but include some of the
heaviest thunderstorms of the year, This becomes more apparent if

two further subeseasons are considered,

MAY, JUNE; OCTOBER & NOVEMBER (FRE & POST RAINS)

The wet season begins and ends with severe thunderstorms. During
this: period the mea.;n number of thunderstorm deys is 52, 5% ToSoD,
(range 25080 = T9,6%), the mean spread is 54% of stations recording /
dsy and the mean L.,co/T.,s,D, is 287, It is during this period that

the very high deily lighining counts are cbserved,

(33)



MAY 1424, 1940, 2540,

JUNE 1855, 2181,
OCTOBER 1496 agll recorded at DARU
NOVEMBER 1339 recorded at LAKKA

502 m-smmm (MID RATNS)

@, Although the rain season as a whole has a fairly high incidence of
thunderstorms, the period in the middle of the season, July =
September, is low in thtmderstormso The mean number of Thunderstorm
days is 33,2% T,S,D., the mean spread is only 33,7% and the mean
LoCe/TsSsD, 156, Nome of the very high daily counts ere recorded

during this period,

503, SUMMART
Vhilst it must be stressed that the present survey has been carried
out over too short a period for any statistically reliable results to
be given, the pattern of the thunderstorm season is clear, A fow
severe storms -~ the bush-washing storms. = occur in January,

. especielly im the easterm hilly area, The imcidence of thunder
increases in frequency and intensity from a low value in February to
& maximum value in May in the east or June in the west, at the
beginning of the wet seasom, Thunder is heard progressively
earlier in the day during this period, A sudden decrease in
thunderstorms coincidés with the main rains of July and August, but
the frequency ircreases to a second maximum in October, at the end
of the wet sesson, The end-of-rains storms again appear later in

the dayo
(34)



This pattérn of thunderstorm activity cam be associated with the
movement of the I,T,C., and the five weather zones of West Africa

suggested by Walker (12)., _

In the dry season the L, T.C, is furthest south and Sierra Leonme

appears to be within zone A/B, In January zome A covers the

5.‘040

country, bringing with it the Harmattan, In February and March

the I,T,C, has begun to move northwards and zome B brings with it

the possibility of thunder occurring during the aftermoon or evening =
with or without rain, During May and Jume zome-C has moved over the
country and the heavy thunderstorms are associated with disturbance
lines-ol In the wet secason zome D brirgs with it continuous rain,

Walker's zone E appears not to influence the climate in Sierra Leone,

DIURNAL VARTATION IN TIME OF THUNDER HEARD

The diurnal variation im the time at which thunder is heard is
compared with that for rainfall in Fig, 8 , pages 36 & 37 (13),
The thunder lines strengthen the view that thunder in the dry season
is generally heard later in the day or im the early hours of the
morning, Also during this season the maximum time for thunder
heard coincides with the time of minimum rainfall, This is
characteristic of the presecnce of Walker's zome B, The relatively
high figures for both thunder amd raim in the early hours of the
morning during the dry seasom also illustrates the occurremce of
heavy thunderstorms with heavy rain,
The graphs for the Pre & Post Rains period show that thunder is

(35)
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heard in the early evening before the heavy rain storms are
occurring, The thumderstorms with heavy rain are frequent during
the period 2000 - 2200 hrs, with rain persisting after the cessation

of the thunder,

FUTURE WORK

If lightning count and thunderstorm figures for Sierra Leome are to
be as reliable as those for other parts of the world, they must be
collected for a longer period of time, The Sierra Leone
Meteorological Deputﬁent has only & few official meteorological
stations, and so it is essential that the observers used in this

survey be organised to continue their recordings,

Some improvement inm the design of the E.R.A, Lightning Counter is

~ necessary, The calibration procedure is too difficult for the

type of operator found in a country like Sierra Leone, At the same
time, it would be advantageous if some method of ionising the valve
could be found which would not be a heavy drain on the batteries,

Since the E,R,A, counter is respomsive to both cloud - to - cloud
and cloud - to - ground lightning strokes, it would be valuable if
a member of MALAN counters (14) » which record only cloud - to =
ground strokes, could be put imto operatiom im Sierra Leone, From
a very limited mumber of visual counts the present author estimates
that only ome or two out of every tem lightning strokes are from

cloud to groumd,

(39)



603, It is clear that the lightning coumters are registering on days when
ﬂnmder is not reported from any station mear the counter, If the
aumber of T,S.D, stations could be increased, especially in areas
surrourding the counter sites, these spurious counts might be partly
explained, But it is felt that there are other factors influencing
the counter, On two occasions the onsét of the Harmattan was
preceded by four or five days whem the counters recorded a low
number of counts (see L,C, figures for Freetown, December 21st to
24th and Rokupr, December 24th to 28th 1963). |
Further investigations are needed to determine the source of these

and other counts mot associated with thunder,

(40)
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APPENDIX 1. (TABLES)

- T F ¥ & ¥ J J A S o0 N D |roma
REETOWN 6 6 7 8 16 19 12 10 17 15 17 2 135
2 0 5 17 10 25 8 1 7 23 18 10 110

4 3 6 4,513 22 10 5,512 19 17.5 6 122,.5
TMA 3 2 1 0 6 7 T 4 T 1 2 1 a1
1 o o o0 10 12 2 1 6 12 7 5 56

| 2 1 0.5 0 8 9.5 4.5 2.5 6.5 9.5 4.5 3 5145
INGI 3 3 5 7 19 20 15 10 20 14 22 2 140
o o0 0 2 19 21 9 1 12 21 21 9 121

1.5 1.5 2.5 4,519 20,512 5,516 20,5 21,5 5.5] 130.5
ISSY 4 3 8 6 11 16 10 7 7 5 7 2 92
2 0 1 317 g 8 1 8 13 10 6 11

3 1.5 4.5 4517 12 9 4 7.5 9 8.5 4 84.5
EWTON 4 5 11 & 19 18 4 11 19 15 2 2 | 141
o 2 3 6 13 71 1 2 1 13 13 1 80

| 2 3.5 7 T 16 12,5 5.5 6,513 14 15 4.5 119.5
ASTINGS 1 1 5 2 10 12 3 T 3 9 1 2 62
o 0 © 1 8 13 2 2 5 12 8 6 57

L 0.5 0.5 2.5 1.5 9 12,5 2.5 4.5 4 105 7.5 4 5945
PEL 4 6 6 6 14.13 11 6 & 1 15 1 103
o 0 o0 2 19 22 12 1 10 26 171 1 122

2 3 3 4 16,5175 14.5 6.5 9 16,516 4 112.5
ASANKT 4 2 9 1¢ 15 21 23 21 19 17 17 9 167
5§ 7 11 12 12 23 7 14 15 27 23 5 168

5 4.5 10 11 16,522 15 17,517 22 20 7 167 .5
\MBTA 3 2 4 3 18 16 14 11 15 15 13 2 [116
0 2 7 5 20 24 12 3 18 26 16 8 141

1.5 2 5,5 4 19 20 13 T 16,5 20.5 14.5 5 128.5
KUPR 2 0 3 5 16 20 14 1 17 18 13 3 112
. 0O o0 3 10 26 29 8 15 27 31 26 10 185

1 0 3 705 21 2405 11 8 ' 22 2405 19.5 605 14805
YITFUNK | 4 5 10 10 20 19 12 12 18 15 123|140
o o0 4 7 19 2 7 3 10 28 23 7 {133

2 2,5 T 8.5 19.5 22 9.5 To5 14 21,5175 5 136.5
UYA 4 6 9 5 11 12 7 6 N 9 4 2 86
1 0 2 8 21 16 6 2 10 1 9 0 86
2.5 3 5.5 6.5 16 14 6.5 4 10,510 6.5 1 86

Pable 8, THUNDERSTORM DAYS - MONTHLY & ANNUAL TOTALS 1963 - 1964
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J F ¥ A X J JT A S8 o 1w D | moraL
BONTHE 5 10 14 12 25 20 10 11 18 14 19 9 167
0o 2 A 3 26 19 5 1 6 21 21 15 129
2,5 6 9 7.5 25.5 19.5 7.5 6 12 20,520 ‘12 148
MARAMPA 2 5 10 8 9 13 5 1 8 12 10 O© 83
0 0 4 5 9 15 5 0 12 9 9 1 13
) 1 2.5 1 6.5 9 14 5 0.5 10 10.5 9.5 0.5] 178
BATKANU 3 1 8 10 22 19 16 16 16 15 15 1 142
0O 0 4 6 16 23 12 5 16 22 14 3 121

1.5 0.5 6 8 19 21 14 10,516 19 14.5 2 131.5
MATTRU 2 5 11 5 14 13 1 15 U 5 13 0 101
0 2 2 1 19 24 3 0 6 5 5 2 69
| 1 3.5 6.5 3 16.518.5 5 7.5 8.5 53 9 1 85
LUAVA 4 10 15 1 9 8 26 13 9 8 1 3 123
1 3 2 5 18 14 10 16 20 23 23 5 140

2.5 6.5 8.5 8 13,5 11 - 18 14,5 14.5 15.5 15 4 131.5
KPETEMA 3 6 9 5 9 8 71 10 3 13 4 O 11
0 4 2 3 12 15 6 0 8 16 1 2 15
1.5 5 5.5 4 10,5 11.5 6.5 5 5.5 14.5 5.5 1 16
SERABU 3 7 9 6 10 12 6 3012 11 13 1 93
0 4 5 2 12 14 1 0 9 22 13 12 94

1.5 5.5 7 4 1113 3.5 1.5 10,5 16,513  6.5] 23.5
NJALA 4 5 8 7 13 15 14 10 15 10 12 4 117
1 3 0 10 18 12 5 3 8 11 a4 84

2,5 4 4 8.5 15.5 13.5 9.5 6.5 11.5 10,5 10.5 4 100.5
MAGBURAKA | 8 8 14 9 16 12 11 12 6 11 3 o |115
o 2 6 6 5 13 3 3 5 4 1”3 |78

4 5 10 . 7.5 10.5 12,5 7 Te5 5.5 12,5 137 1.5] 96.5
MAKENT 4 15 13 10 19 13 11 12 16 20 14 0 137
0 0 3 5 15 14 2 4 11 30 20 8 112

| 2 7.5 8 7.5 17 13.5 6.5 8 13,525 17 4 124.5
TEKO 4 5 15 13 27 21 25 20 23 22 19 1 197
0 3 18 10 26 1 3 1 8 15 10 8 109
2 4 15,5 11.5 26.5 14 14 12,5 15.5 18.5 14.5 4.5] 153
PUJEHUN 4 3 14 15 19 16 14 9 18 19 17 3 151
0O 0 4 7 22 21 7 0 4 27 23 14 129
2 1,5 9 11 20,5 18,5 10,5 4.5 11 23 20 8.5 140

Table 8 cont. THUNDERSTOR: DAYS - NONTHLY & ANNUAL TOTALS 1963 - 1964
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J F M A M J J A S 0 N D TOTAL
TORMA BUM 3 3 13 9 18 13 8 10 18 14 14 2 125
1 3 1 31113 7 3 2 N 6 10 T1
2 3 7 6 14.513 7.5 6.510 12,510 6 08
BO 4 12 16 11 22 19 24 13 22 24 18 A 139
2 4 15 15 28 29 9 3 18 20 25 13 191
3 8 15,513 25 24 16,5 & 20 27 21,5 8.5] 190
BUMPE 3 7 13 T 11 13 T 4 2 6 12 0 92
0 2 2 4 13 16 8 0 3 20 13 0 81
1.5 4.5 To5 5.5 12 14,5 T.5 2 6 12 12,5 0 86.5
TIKONKO 3 8 11 7 15 12 9 [ 7 19 15 2 114
1 6 15 10 21 25 12 2 18 21 11 8 | 160
2 7 13 8,5 18 18,5 10,5 4 12,825 12 5 137
SULIMA 0 0 3 2 8 5 4 5 9 7 12 5 60
0 0 2 1 19 12 2 0 4 17 14 N 82
0 0 2.5 1.5 13.5 8.5 3 2.5 6.5 12 13 8 71
KABALA 6 5 9 11 19 22 20 11 21 17 6 2 149
0 o] 6 12 19 24 15 4 16 25 12 5 138
3 2.5 Te5 115 19 23 17.5 7.5 18.5 21 9 3.5 143.5
KENEXNA 6 15 9 7 21 14 17 6 17 14 10 3 139
0 7 9 16 29 24 12 13 9 24 15 9 167
311 9 11.525 19 14.5 9.513 19 12,5 6 | 153
DODO 6 5 11 19 9 & 13 15 11 12 9 k! 121
1 5 6 7 19 16 14 15 12 22 117 1 145
3.5 5 8,513 14 12 13,515 1,517 13 7 133
SEGBWEMA 6 10 7 7 18 12 15 7 16 15 7 2 122
1 2 12 7 21 16 6 3 12 16 16 9 121
3.5 6 9.5 7 19.5 14 10,5 5 14 15,5 11,5 5.5| 121.5
" WORDU 6 4 10 71 18 17 16 11 21 19 11 .0 |[140
1 4 9 6 13 N 8 6 14 23 20 1 126
| 3.5 4 9.5 6.5 15.5 14 12 8.5 17.5 21 15,5 5.5 133
DARU 7 15 13 10 23 21 21 14 219 20 10 6 181
1 6 18 11 26 24 1 5 17 20 23 9 181
4 10,5 15.5 10.5 24.5 22,5 16 9,5 19 25 16,5 7.5] 181
. JOJOIMA 5 15 10 10 15 12 15 8 19 14 6 3 132
0 8 16 3 9 11 4 3 14 16 18 8 110
2.5 11.5 13 6.5 12 11,5 9.5 5.5 16,515 12 5.5 | 121
Table 8 cont. THUNDERSTORN DAYS - MONTHLY & ANNUAL TOTALS 1963 - 1964
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| J P M A M J J A S O N D |TOTAL
PENDEI'BU 7 10 10 7 18 22 24 25 23 24 9 8 187
| 2 2 12 9 21 19 25 29 23 19 13 7 181
4.5 6 11 8 19,5 20.5 24.5 27 23 21,5 11 7.5 184
SANDARU 8 18 13 12 23 21 18 9 17 23 12 6 180
1 6 23 13 19 16 g 5 12 23 17 11 155
4,512 18 12.5 21 18,5 13.5 7 14.5 23 14,5 8.5] 167.5
KATLAHUN 8 17 15 11 24 15 13 6 17 19 10 5 152
| 1 5 5 9 12 13 2 0 12 271 18 11 119
4.5 11 12 10 18 14 7.5 3 14,523 14 8 13545
MEAN / 2.5 4.6 8.0 To2 16,8 15,3 10.4 7.2 12.8 17.4 13,7 5.1 122
__MONTH o
- MEAN 4% ' 8.1 16,1 25.8 240 541 54.4 33.6 23.2 42.6 56.0 45.6 16.3{ 33.4

Table 8 cont. THUNDERSTORM DAYS - MONTHLY & ANNUAL TOTALS

KEY

(45)
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APPENDIX 2

ESTIMATED RANGE OF E.R.4, LIGHTNING STROKE COUNTER
It was apparent from the beginning of the survey that the counters

were operating over_g greater distance than that for which thunder .
could be heard, On ome occasion, a storm immediately cast of the
Colony Hills was being registered by the Freetown counter, but was
mot heard at the counter site,

vhilst the counters are known to have recorded some very distant
storms (see page 5 ), it is felt that if the number of days during
which thumder is reported at stations 20, 25 and 30 miles distence
from each counter is correlated with the momthly number of count
days for each counter, some assessment of the mean range of the
counters can be made,

Although the number of additional T.S.D, stations situated within
cach distance is small (see Table 15 below), the highest correlation
between count days and thunderstorm days is obtained at a distance
of 20 mls, (Table 16 | pages 71 &72 ),

The readings for some stations have been omitted from Table 16
This is because there is imsufficiemt data from stations within the

different distances from the coumters,
ADDITIONAL STATIONS

d = 20 mls, d = 25 nls, d = 30 mls,

FREETOWN Iangi, Pepel, Newton Maswari
Gama, Kissi,
Lakica,
YENGEMA Wordu, Koidu = Banda juma
' Sandaru
EO Pikonko, Bumpe Serabu Njala
Kpetens.
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APPERDIX 2 (contimued)

Iungi, Gumsa,
Freetowm,
Kissi, Newtomn,
Hastings,
Pepel,
Kambia,
Mange Bureh,
Port Loko,
Magburaka,
Teko,
Hangha,
Segbwemna,
Segbwema,
Jojoima,
Pendembu,

Meswari

Bumbuns:

Dodo

Banda juns,

Pepel

Batkanu

Daru, Jojoima,
Kpuwahn,

Dodo, Kenems,
Kajlahun,

Table 15 ADDITIONAL T,S,D, STATIONS IN RANGE OF LIGHTNING COUNTERS
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APPENDIX 2.(continued)

—

(71)

NONTH | STATION COUET DAYS THUNDERSTORH DAYS _
- Locnl 20 mla.  25n0lo. 30 olo.
1963
HAY | FREETOWE 21 16 23 24 2
YESGE 10 12 12 12 12
Jw, | PREETOUE 21 19 26 28 28
YENGEA 15 20 24 2 2
B0 21 9 16 18 18
JUL. 26 12 21 21 26
17 17 24 24 24
21 26 29 29 30
AUD. 29 10 16 21 21
20 17 21 21 21
9 13 13 M 16
SEP, 30 17 23 25 25
2 23 25 25 25
20 22 25 27 27
(R 17 15 21 21 21
25 25 26 26 26
25 23 27 27 27
14 5 11 17 17
EOY, 21 11 23 21 27
25 25 25 25 25
11 17 18 18 19
50 4 27 27 27
7 1 1 1 !
DBS. 8 2 3 3 3
21 22 2 21 21
7 4 4 4 4
17 3 3 3 3
2964
JAN, | PREBTOWE 9 2 3 3 3
YERGEA Y 15 15 15 15
) 26 2 2 2 15
LAKKA 7 0 3 3 3
EB, | PREETOUN 10 0 0 0 2
. 29 4 1 1 7
LAKEA 0 0 0 2 2
HAKENI T 0 3 > 3
DARU 10 6 - & 9 9
HAR, | FREETOWH 15 5 6 8 8
20 31 15 18 20 20
Table 16, CORRELATION BETEEW COUNT DAYS AFD 7.S.D, AT DIFFERENY
DISTANCES



APPENDIX 2. (centinuod)

HONTH | STATIOR COUNT DAYS  FHURDERSTORM DAYS
Local 20 nls. 25 nla, 30 nlo.
HAR, | MARENI 6 3 18 18 )
DARD 28 18 25 27 27
KRIEA 30 9 26 26 29
APL, | FREETOWD 0 1 6 10 13
) 27 15 15 15 16
ROKUPR 13 10 15 15 15
DARD 29 12 1 17 10
WY | PREETOW® 6 9 22 22 23
YENGEH 21 22 25 25 26
) 3 28 29 29 29
MAKEWT 9 Y 25 30 30
DARU 31 27 28 3 n
RENEMA 3 29 30 30 n
JW., | FREETOVE 9 25 29 29 29
BO 30 29 30 30 30
MAKENT 5 14 20 23 2
DARD 29 23 26 27 27
KENEA 30 24 25 25 .27
JUL. | PREETOWE 4 4 7 7 7
| evema 10 8 13 13 16
ARSI 1 2 7 11 18
DARD 25 10 23 23 24
Ave, | YENOEN 11 13 17 17 19
DMRU 22 5 8 ] 16
SEP. | DaRU 23 15 24 24 2
KENEMA 7 6 7 7 8
0CT, YENGEMA 8 p b 9 2
. DARU 22 21 24 21 24
EOV. | FREETOWE 16 15 22 22 22
DES, | FREETOWN 26 10 13 14 14
. CORRELATION
comrprcrm | O-8 0.62 0.59 0.6
r

Table 16 ocont. CORRELATION BEFYEES COUNT DAYS AND T.S.D. AT DIFFERENT DISTANCIS

(72)




1.

2,

30

APPENDIX 3

EFFECT OF TEMPERATURE VARIATION ON THE CALIERATTION OF THE

mﬂ—___—

EgRo A, LIGHTNING STROKE COUNTER
From the time of the installation of the first counter, it was

apparent that the diurpal variation of temperature in Sierra Leone
was sufficient to seriously affect the calibration of the counter,
On two occasions the newly erected instrument was correctly
calibrated during the late aftermoon, Severe local thunderstorms
occurred during the following right but the counter failed to
register, On testing the imstrument on the following morming, it

was found to be grossly under calibrated,

To investigate the effect of temperature on the calibration of the
counter, am instrument was installed in the normal way, but without
the aerial array, A thermocouple was fixed to the side of the valve
and velve voltmeters conmected sc as to measure the test voltage
applied to the valve when the test button was pr.essed'a.nd also the
calibration voltage supplied to the walve from the potentiometer P1°

.(See Fig, 9 )o

L e

p— 1
B i
J ' —t
1
THERMOCOUPLE TO __ | TO
R8 s

Fig. 9. CONNECTIONS OF THERMOCOUPLE AND VOLTMETERS FOR TEST ON COUNTER
Experience had already shown that it was most difficult to obtain a

setting of the semsitivity control which would give alternate counts

on pressing the test knod at five second intervals, The procedure
(13)
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APPENDIX 3 (contimmed)
suggested by the Federal Committee for Lightning Investigation,
Southern Rhodesia (9) was therefore used, This was to press the
test knob tem times;, at five second intervals, and record the
mumber of counts registered by the counter, Ten tests, each
oonsiat:i.ng of ten presses of the test kmob at five second interwvals,
foilowed by fifteen seconds rest, were given for each temperature
recorded on the thermocouple, The results are shown in Table 17

pages 771 & 78

Following a mumber of such tests it was found that only a very small
movement of the semsitivity comtrol kmob, about 1° arc of movement,
was sufficient to throw the counter completely off its setting,

The counter calibration umit was them changed to the one shown: in
Pigo 10 o Subsequently it was found that the counters being used
9 me

in Southern Rhodesia were being modified im a similar way

results given in Table 17 were obtained from the counter modified

in this way.
TO 3
— ’
820K 820 K 6 WAY 2 POLE
-— [
820K 820 K ROTARY SWITCH
.. hman 4 ~—
820K - | 820 K TO REPLACE PI
— —
8 20 K POT, 820 K
—
820K 820 K
. TO R7— TORS

Fig. 10, MODIFIED CALIBRATION CIRCUIT FOR COUNTER

(74)
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APPENDIX 3 (continued)
Further study of Table 17 shows: the wide variation in the number
of counts obtained from successive tests om an apparently correctly
calibrated instrument, An average standard deviation ( T ) of
2,2 suggests that any count of between three or seven out of ten

should be accepted as a correct count,

In an attempt to reduce this variatiom-im the number of counts
recorded during each test, & small neom lamp was placed in contact
with the'. valve so as to stremgthem the ionization taking place in
the valve (5 ). The effect of this was to reduce % to 0,5 and make
uniform calibration much easier to obtaim, The last five records

in Table 17T were obteined im this way,

The graph of temperature of thé valve plotted against the sum of the
test voltage and the potentiometer voltage is shown in Fig. 11
pege 79 o The graph appears to consist of two straight lines which
intersect at the point T = 262 s On three occasions when tests were
carried out at this temperature, it was impossible to obtain a
correct setting of the semsitivity control, Either the counter

counted tem out of ten tests or mome out of tem tests,

CORCLUSIONS

The counter must be calibrated when the temperature is low, This
will mean that it will be over-semsitive during the warmer parts of

the day, but that it will record lightning during storms in the

(75)



APPENDIX 3 (contimmed)
night vhen temperatures are lower,
The temperatures measured inside the counter housing during December

1963 and Januery 1964 weres-

MAXTMOM Mean 34°C Highest 39°C Lowest 30°C
MINTMOM Mean 20°C Highest 23°C Lowest 17°C

Mean diurmal range 1400

The: inclusion of a neon lamp, placed close to the valve, enables a
more accurate calibratiom to be achieved, It is then possible to
register alternate test impulses, However, because of the drain

on the batteries resulting from the inclusion of the neon lamp in

the circuit, this procedure was not adopted for the operational

counters,

(76)




APPEDBIX 3. (comtimend)

O VOLZS. | 5.8 5.8 5.78 5.8 5.8 5.8 5.8 5.8 5.7 5.7 5,62 3,62
, VOLES, | 35.6 35.2 36,0 36.2 35.8 35.3 36,0 36,0 359 351 3.1 352
% TEMP, | 24,0 32,9 26,0 26,0 25,0 25,0 29.0 24,3 25,0 25.0 25.2 27.0
A 5 6 6 5 3 7 7 7 é 5 6 4
B (] 5 0 0 3 4 7 7 5 6 9 b
€ 5 é 0 (4] 8 8 7 6 7 5 9 e
P 9 7 0 o 9 8 8 8 s o 8 6
B 9 8 0 o 9 8 9 10 5 o0 & T
P 9 1 0 0O 9 10 10 T 8 3 7 6
e 8 9 0 0O 10 4 10 7 8 0 6 8
" 9 7 o o 10 9 10 110 7 2 8 7
X 4 9 0 o 10 &6 9 7 8 3 9 4
3 8 10 o 0o 10 3 5 9 1 5 7 6
T COUNE | 6.6 6.8 0.6 0.5 8.4 7.0 82 To8..6,0 2.9 T.T 6.3
P 2,9 2.5 X X 22 1.9 1.6 1.3 20 22 1.1 1.4
— oEP, | 24.8 32.1 26.0 26.0 25,0 25.1 29,0 25,0 25.0 25.0 26,0 28,0
i FEMP. 24,4 32.5 26.0 26.0 25.0 25,0 29,0 24,6 25.0 25.0 25.6 27.5
L FOLES | 41.4 41.0 41.8 42.0 41.6 41,1 41.8 41,8 41.6 40.8 41.7 40,0
X X X I X X X
? YOL®S, 566 507 507 5.6 5.6 5.6 5.7 56 57T 57 56 5.6
 VOL?S. | 35.0 35.1 36.0 35,0 34.9 35.2 36.1 35.1 35.1 351 34,5 35.0
P, TENP, 34.0 29,0 23,9 3.1 32.0 29.8 23.8 32.6 29,1 33,8 28.5 26.1
A 5 7 6 6 3 3 5 [ 4 .5 5 7
B 1 3 07 4 8 9 8 5 8 71 8 4
c 7 9 8 8 6 7 2 3 3 4 1 8
B 3 o 4 4 7 8 4 &6 o0 o0 T 8
B 5 2 6 68 1 9 6 9 3 5 71
P 1 1 8 8 4 3 7 8 3 6 6 6
-] 2 4 1 8 1 5 9 7 2 3 1 9
. B 8 2 7 6 5 8 9 3 8 & 7
I 1 o 9 3 6 2 6 9 4 4 4 1 0
3 2 o0 8 8 6 5 8 1 1 3 4 0
§ COUNY 3.8 3,7 5.8 6.6 4.9 66 6.7 58 4.2 4.6 4.T 5.8
o 2,6 3.3 2.3 1.6 22 19 23 1.9 25 L9 26 32
 mP. | 34.0 29.0 24,0 31,7 32,0 29.8 24.0 33.0 29,0 33,8 26.9 26.1
; o, | 34.0 29.0 23,9 31,4 32.0 29.8 23.9 32,8 29.0 33.8 26.7 26.1
L VOL7S.| 48.6 40.8 41,7 40.6 40.5 40.8 41.8 40,7 40.8 40.8 40.1 40.7
fablo 17. SENSIFIVITY CONTROL AND TEMPERATURE VARIATIONW
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APPENBIX 3, (continued).

8% VOLES, 57 5.7 55 54 53 53 5.3
’3?° VOLTS. 35.0 35.9 36.2 36.1 35.5 36,0 36.0
7, TEP., 30,0 26,0 23,1 24,3 35,0 26,4 31,0
A 3 4 6 5 5 5 5
B 4 0 7 5 4 5 5
¢ 4 1 é 5 5 5 5
)7} 3 0 5 5 5 5 4
B 8 0 - 5 5 5 5 5
4 4 0 HEOH 6 4 4 4 5
8 1 (1] 6 3 5 4 5
B 3 0 LAMP 6 3 5 4 5
I T 0 5 3 5 3 5
| J 8 0 I 5 3 5 2 5
\H COUNZ 4.5 0,5 POSIFIOL, S 5T 401 4.8 4.2 4.9
| o 2,2 X 0.6 0.9 0.4 0.3 0,3
1, TEP, 30,0 23,9 24.9 34.2 27.4 31.0
P m. Booo G’m: 292 2505 2406 5406 260? 3100 G’D a 005
PAL VOLTS. | 40.7 : 41,7 4.4 40.8 41.3 41.3
X

. Table 17 oent. EESITIVIYY COLUTROL AND TEMPERATURE VARIATION

B

Tas veltage acress the pstemticmotor is o monsure of the sotting of the seasitivity
eontrel knob, Hewevor, cimee tho tost voltage did meot remein censtant threughout
 toats, the total wveltage appliod to the grid of tho valve is used im plotting the

ph shewn in Pig, !
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APPENDIX 4
HOURLY LIGHTNING COUNT RATE FOR FREETOWN
At the FREETOWN station an event recorder was operated in conjunction
with the lightning counter for part of the period under review,
With this instrument the recording of each lightning count was
registered on a rotating strip of paper, Although this was
functioning only during the period November 1963 to March 1964, the
hourly coumt rates shown in Table 18 , pages82 & 83 , can be used

to describe the pattern of storms in this season of the year,

Table 19 shows the meam hourly count rates for the period and the
graphs (Fig, 12 , page85 ) underline the presence of heavy storms
in the late hours of the day and the early hours of the morning,
Whilst the Freetown counter was registering some counts fairly
regularly during the hours: 1600 = 0800 hrs. (Fig, 12¢ )’ the
magnitude of the counts was highést during the period 0200 « 0300 hrs,
(Figs 12b ). This illustrates the presence of the fbush-washing!
storms experienced at this time of the year, VWhen a graph of Total

count. / count hour is drawn (Fig, 124 ) this becomes even more apparent,

An analysis of seven heavy storms which occurred at Freetown during
November 1963 is given in Table 20 , page 87 0

Stomé. A, B, C and D are of a similar pattern with the counter
beginning to register six or seven hours before the peak of the storm
reaches the counter and contin;ﬁ.ng to register for a similar period

after the storm centre has passed over, In each case over 35% of

(80)




APPENDIX 4 (continued)
‘Ehe lightning strokes counted are registered im the peak hour and

the preceding hour,

Stormé By, F and G are of a different type - but ome which is often
experienced in Sierra Leore, The storm reaches a sudden very high
peak and then ceases abruptly, In storm E almost 60% of the count
was im ome hour, between 0200 and 0300 hrs, and the counter ceased
to register after the next thirty mimutes, | Pig, 13 , page 88 ,

shows: the event recorder chart for the period of this storm,

It is regrettable that this evemt recorder was not operational for
a greater part of the review end that more of these instruments were
not available, The reasons. for this illustrate the difficulties
met in & survey of this nmature, Only very limited funds are
available for the purchase of equipment and it is very difficult to
obtain spare parts, In any future work of this kind it is to be
hoped that sufficient stocks of spare parts will be carried so that

the recordings can be continued without interruption.

(81)
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APPENDIX 4. (continued)
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APPENDIX 4. (oontimmed)

MEAN COUNT

%

PER

Mt~ MU TOTOVO~MMANOTINODD -0
©o ©6 © 6 060 © © © ©  © © ¢ 0 © © 0 © ® o ©

NI INTMNMA s~ MO
-

-
o L]

[oX. o}
-

10.0

COUNT HOURS

#

63 64 64 64

O N~ NOOVVO O\ r~<TONN -0 O\ ONONTO ™M
© © # ©6 © © © 6 8 0 © © © © © © 0 0 © ©6 0 ©0 o o

OO O -INTT~NTTOME--\0 O\ O 1N
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T.S.D. HEARD

63 64 64 64

OO0 NO W N N NN v~ QN M~ T o
© © © e o © o o o © 6 ©o o 6 © © 6 © © ©o ©

e o
MAUNNTT 0000 B r-rNMM~0\— N\ \D N
- -

STINMNe-r-~rNOO0OO0OT-T 00+~ O ONDOO T M-
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%

TOTAL COUNT

63 64 64 64

NOV JAN FEB MAR MEAN |NOV JAN FEB MAR ME;N NOV JAN FEB MAR MEAN | COUNT HOUR

4.4

4 31
6 25 5.7
3
317
5 12
1 18
4 16
6 8
4 8
0 9
0 13
o 3
2 5
17
1 1
0 9
1 10
2 18
9 9
3 21
2 26
4 29
2 21
1 16

12
0
1
0
0
2
0
T
3
3
9
4
5

13

13

35
12
1

169 28
23
26

20 23

7 AN

121

9
17
16

5

6
13

7
17
14
35
84

116
157
280
183 138

111
61

TIME

22-23 | 285 33

02-03 | 408
21-22 | 327

01-02
03-04
04-05
05-06
06-07
07-08
08-09
09-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
23-24

00-01
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HOURLY COUNT RATES - FREETOWN Nov.1963 - Mar.1964
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APPENDIX 4. (eontinucd)

Ofo THUNDER HEARD / HOUR

JAN,- MAR, 64, 1

0O OO0 OO0 OO ©O OO0 ©0 00 OO0 00

o™
own
3
X
2
»

%0 TOTAL LIGHTNING COUNT / HOUR

FREETOWN NOV. 63,
JAN- MAR.'04,

02 04 0é 08 10 ia 14 18 18 20 22 24
00 co0 ©0 ©0 €O 00 00 co ©0 00 00 COHKRS.

FIG.12 DIURNAL VARIATION OF LIGHTNING
(85) COUNTS - FREETOWN
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APPENDIX 4. (contimmod)

% COUNT HOURS / HOUR

FREETOWN NOV. 63,
JAN-MAR. ‘64,

o6 08 10 | 18 20 22 26

00 00 00 00 ©0 00 00 00 cO ©90 00 OO HKRS.

FREETOWN NOV. 03,
JAN- MAR. ‘04,

' v

02 04 06 o] 10 12 14 L) 18 20 22 24
00 00 00 o0 00 00 co 00 ©0 00 GO OO Has.

F1G.12cont.DIURNAL VARIATION OF LIGHTNING
COUNTS = FREETOWN
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APPENDIX 4. (continued)
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6100 hrs, count in hour = 33 2460 hrs,
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0200 hrs, count in hour = 65 0100 hrs,
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0300 hrs. count in hour = 351
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SPEED OF CHART = 6" / hour.,

Fig. 13. EVENT RECORDER CHART FOR 2400 - 0400 hrs, Freetown, 7+th, Rov, 1963
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