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for discussion in Dublin, June 1977.

Parameters of upward lightning flashes

Statistical evaluation of all Epward'lightning flashes
from mount San Salvatore within the observation period
196%...1973 is given in this ieport. |

The analog evaluation of downward flash parameters was
published in Electra 1975, Nr. 41‘by K.Berger, R.B.Ander-
son and H.Kroninger for the period 19637...1971.

Before enteriﬁg into details a remark is necessary regar-
ding definition of upward and downward flashes. This de-
finition is based on progression of the leader which is
proved by lightning photography and Iightning current os-
cillogrums. Figur 1 shows the 4 types of flashes resulting
from polarity and leader progression (Bull. SEV 57, 196§,
Kr.14) as used also in Electra Nr.4l, 1975 for downward
flashes. An exepticn was made tlere from the above defini-
tion for the extremely heavy discharges from positive
clouds,'initiatedvby long leaders of 4...25 ms duration
and lowéring a multiple.of the leader charge from cloud

to ground. We then decided %o count these very heavy dis~
charges as downward flashes, though they had upward lea-
ders. These about 26 heavy flashes were revresented in
BElectra Nr.41l as curves 3 in the figures 1...9.

Coming now to the evaluation of upward flashes, we have

tc include this small bBut important group according to the
strong definition based on leader progression. Therefore
it becomes necessary now to distinguish positive flashes
without and with heavy following impulses. This means split
up the former type 4 of figure 1 into the new types 4a and
4b as shown in the new figure 2, Type 4a are flashes with-
out, type 4b flashes with folldwing impulses. These impul-
ses behave exactly like "return strokes" from the cloud

to ground.
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- Parameters of upward lightning flashes

Statistical evaluation of all upward lightning flashes
from mount San Salvatore within the observation period
1963.,.1973 is given in this report. .

The analog evaluation of downward flash parameters was
published in Electra 1975, ¥r. 41 by K.Berger, R.B.Ander-
son and H.Kroninger for the period 1963...1971.

Before entering into details & remark is necessary regar-
ding definition of upward and downward flashes. This de-
finition is based on progression of the leader which is
proved by lightning photography and lightning current os-
cillograms. Figur 1 shows. the 4 types of flashes resulting
from polarity and leader progression (Bull. SEV 57, 1966,
Nr.I4) as used also in Electra Nr.41l, 1975 for downward
flashes. An exeption was made there from the above defini-
tion for the. exiremely heavy discharges from positive
clouds, initiated‘by long leaders of 4...25 ms duration
and lowering a multiple of the leader charge from cloud

to ground. We then decided to count these very heavy dis-
charges as downward flashes, though they had upward lea-
ders. These about 26 heavy flashes were represented in
Electra Nr.41l as cur&es % in the figures 1...9.

Coming now to the evaluation of upward flashes, we have

to include this small but important group according to the
strong definition based on leader progression. Therefore
it becomes necessary now to distinguish positive flashes
without and with heavy following impulses. This means split
up the former type 4 of figure 1 into the new types 4a and
4b as shown in the new figure 2. Type 4a are flashes with-
oﬁt, type 4b flashes with following impulses. These impul-

ses behave exactly like "return strokes" from the cloud
to ground.
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Another remark relates to the numbers of figures. Types
2 and 3 of the old figure 1 were interchanged to types
3 and 2 of the new figure 2. This means that distinction
is made nqw basica}ly on polarity, not on leader direction.
Types 1 and 2 now represent all negative flashes, types
3 and 4 all positive flashes. . ‘
Types 1, 2 and the very rare type 3 probably are not iimi~
ted to mountainous regions but will happen also in the
flat or open country. Schonland in South Africa made ob-
servations exclusively on type 1, McEachron and al.(Hagen-
guth) in New York on type 2. Only one photograph'ﬂég_ggéﬁ type3b
publisghed of a flash to Campione on the lake of Lugano by

a camera with moving film. Type 4 on the contrary is the
specific type on mount San Salvatore, designated as "woun-
taintip flash" by M.A.Uman et alu. (Journal of Geophysic
Research 80, 1975, p.373...376).

Some of the most interesting parameters of the statistic

of all types of upward fléshes are given on the annexed
tables T...TV. Types 2a, 2b and 4a have been evaluate. by
computer by Mr. M.Hwang of the High Voltage Dep. of itre
Swiss Institute of Technology, Prof. W. Zaengl in Zirich.
The values 6f type 4b'correspond to curves 3 in the figures
in Electra 1975, Nr.41l, referred to as "positive downward"
flashes, as explained before. .

Some examples of distribution curves of the parameters, as

listed in the tables,are annexed to this report; some other
ones will be shown in Dublin.

s L /o
AnneX8_§_. //i ’,/ 1)5 7 . _:C» ;.
Figures 1 and 2, / e

o

Tables I...I%

Curves N1r.1,4,12,13,
17,19,21,31.
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Figure 1

The four types of leaders

( Bull. SEV 57, 1966, Nr.l4, fig. 11 )
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The eight types of flashes

Types la and 3a are cloud flashes only




Parameters of upward Lightning strokes from Mt. San Salvatore

Observation period 1963,..1973. “ Toble I
Nr. Parémeter { Type of] Single Polarity Kind of Number 10%| 50% ‘90% o
Flash . or of statistics of
(Fig.2) | Multiple | current & oscill,
B A B
1 3 i 2a & ha s + & - Single str.flash|{ 797 2olo 290 Ly k.5
2 2a 3 - " n " 639 1030 2035 Lo 3,5
3 La s -+ " " " 138 |1l'coo| 1510 | 206 | 4,k
- Ly, s + ﬁ ot 26 250%300 351000 hi§oo -
4 & i 2b M + & - Strokes in mul- | 399 16ke | 266 43 L,o
tiple flashes )
5 2b M + & - First strokes 219 1650 276 Lg 3,7
6 2b - M - "o " 195 1310 248 kg 3,3
9 2b M + & - Following strokes 180 1730 255 28 4,3
lo 2b M - " " 151 923 183 36. 3.4
loa 2a & 2b M bipolar - 13 5830 | 1670 478 2,2
7 2a & 2b S &M + & - Single strokes & 996 1910 287 L3 4.3
& ba first stroles
-8 2a & 2b | S & M - " " 83l lo70 213 k2 3,5
@ copy of curive annexedl x) | 5% and 95% -values
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Parameters of>upward lightning strokes from Mt. San Salvatore

Observation period 1963...1473. Table II

Nr. |Parameter | Type of .| Single Polarity Kind of Number )

Flash or of Statistics of 10% S50% 90% &

(Fig.2) |Multiple | current. oscill.

Ch Cb b
11 Q 2% M + & - All strokes in 824 26,9 2,0 0,15 7
: flashes ‘
12§ 2a - Single stroke 638 69 11,6 | 1,94 Y
flashes
13 () T s + " .on 137 187 25, | 3,72 L 3
- Ly s + " " 26 350 x)| .80 20 x) -
ih 2b M + & - Following strokes| 609 742 0,93 | 0,12 4. 38
i5 2b M - " " 579 L 0,77 | 0,14 3,42
16 Q Imp. 2b M + & - " " 547 1,5 0,52 | 0,18 2.2
kA /’us kA //us
17(4 ai / at 2b M + & - Following strokes| 725 124 26 5,3 3.3
18 2b M - n " val 123 26,4 | 5,6 3,2
- Ly 8 + Single siroke 21 z2 x) 2.b 0,2 X} =
flashes
B copy of curve annexed x) 5% and 95% -values

wd




Parameters of upward lightning strokes from Mt. San Salvatore

Observationg period 1963...1973. : Table III
Nr. |[Parameter | Type of Single Polarity Kind of Number .
Flash or of © Statistics of 1lo% S0% 90% &
(Fig.2) [Multiple |current . oscill. .
kA‘Z.s kAa.s kA2~.s .
{2 : . In E2 ,
19 & {47.4at 2b M + & = Following strokes H#2o 1,8.10 |2,7.10” {4,1.10 4,1 -
20 2b M| .- | " 398 |1,0.10" [2,3.107 |5,0.102 | 3,2
- Ly . s a Sinple stroke 26 1,5.10?' 6,5.105 2,5.104 -x) |
ps s '/us
21 QO T 2b < M + & - Following strokes 711 L2 1,0 0,3 | 2,6
Front . . :
22 2b M - " " 696 i 2 0,3 2,6
- Ly ‘ s + Single stroke 19 200 x) 22 3,5 x) -
} mss ms - nms
23 T 2b W + & - | Complete flash 236 800 331 137 | 1,9% \
: Flash -
L 2b M - " " 212 7N 338 1k | 1,9
- ' Y s " Sinjgv_le‘ stroke 24 500 x) 85 14 x) ! -
d copy of curve annexed x) 5% and 95% -values




Parameters of upward lightning strokes from Mt. San Salvatore

Observation period 1963,..1973. Table IV
. !
Nr. | Parameter | Type of | S8ingle Polarity Kind of Number .
Flash or of Statistics of 1o% S0% | 90% o
Multiple | current oscill, ’ 4
ms ns. ms
25 ™ 2b M + & - Strokes in mul- 1149 131 8,2 0,52 | 7,k
Stroke tiple flashes . :
26 2a S - Single str.flash 639 Lo? 163 65 2,0
27 La- o + " L 138 218 72 24 2,3 L
- Lp s + " " " 2k So0 x) | 85 14 x)| -
28 2b M + & - Following strokes| 919 27,5 1 3,9 | 0,56 koo
29 2b M - n " 288 22,3 | 3,6 | 0,57 3.7
30 2b M + & = Single strokes & loo?7
first strokes
!
1 .
31 & n 2b M + & - First strokes & 1236 No Gaussian distribution
| number of following strokes Seel cu .
32 !'strokes 2b M 4+ & - Following strokes 998 ee rvej ¢
. ! per ) .
33 | flash 2b M - " L 056 !
! i i ; i
& copy of curve annexed ¥) 5% and 95%. -values
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K.Berger ‘ _ ’ Cigré WG 33-ol
6 June 1977
: : Supplement to the report

Paramefers of upward lightning flashes.
June 1977. '

1) Tables I...IV have been completed by an evaluation of
lightning: flash types 4b and (4a & 4b) for the ll-years
period 1963...1973, completing the lines without numbers
and marked with a cross x) in the report. The values for
type 4b and indicated in the report are concerned with the
9~year period 196%...1973 and gave 5 % and 95 % values, in=-
sted of 10 % and 90 % in the report for Dublin. For the 5 %
and 95 % values see Electra Nr.41l, 1975.
The expanded values are for type 4V

Table Nr. Parameter Strokes lo % 50% - Qo0 % 9

~

I 3a i 35 127 36,3 10,4 2,45
IT 13a ' Q 35 348 84,2 20,4 2,73
II 18a di/dt - 31 12,2 1,85 0,28 3,77
IIT 20a [i%d% 35  8,6.10° 6,6.10° 5,0.10% 6,5
IIT 22a  T(Front) us 23 340 39 4,5 4,4
ITI 24a  T(Plash) ms 34 240 67,6 19,1 2,5

IV 27a ' T(Stroke) n v n " " "

gl Curves Nr.3l...33 have been completed by the "group-fre-
quency" G joined to the summation frequencylf .

3) The report to Dublin provides stroke pafameters, not

parameters of the whole flashes. This is of special in-

terest for the electric charge Q of complete flashes, which
are not mentionned in the report. To compeﬁsate this lack,
an evaluation of' the total charge,; transported by positive
and negative up- and downward flashes in the whole period
1963...1973 is given here :

Q in negative flashes Q in :positive flashes
| 17469 cb or 5 % | 31456 Cb or 24,4 %
[ 271244 » n 95 4 f 100691 " " 75,6 %

28'713 Cb or loo% : 141147 Cb or loo %




- - 2 -

‘The total charge in all + and -, y and { flashes = 42'860 Cb.
The percentage of the totél_charge is therefore :

Negative flashes ' - Positive flashes
V 1469 / 42860 = 3,4 % } 3456 / 42860 = 8,1 %
f 27244 / " =63,6% $lo691 / " =24,9 %
All heg:flashes =:6T % A1l pos.flashes = 33 %

The mean electric charge per flash is in the 11 year period :

|\ Negative flashes = 11,1 Cb/flash, { positive fl.= 91 Cb/fl.
{ Negative flashes '

[

32,5 " fpositive fl.= 54

These figures are the result of 1222 flashes, 1963%...1973.
In the 9-years-period 196%...1971 the corresponding number
of oscillograms (flashes) was lggé, and fhe relative numbers
of flashes of types 1l...4 are reproduced here below (see
Bull.SEV 63, 1972, Nr.24, p.l4o02...1423), table V.

A typical example of a 4b-itype~flash is annexed to this sup-
plement (Fig.3).

AT -
table 7.
Bipolar
Jabe | 4 [ t—1 b+ | T+ Total
Lot
1963 | 22 | 83 3 5 1 4 118
1964 6 | 37 1 6 o 6 56
1965 3] 91 1| 15 0 8 118
. 1966 6 | 120 51 19 3 7 160
1967 | 12 | 9% 9 | 26 o | 13 150
1968 2 | 85 4 5 0 3 99
1969 3 1 38 2 6 1 2 52
1976 | 32 | 68 0 2 0 6 108
1971 | 20 | 120 2 | 18 0 5 165
1963
bis | 106 | 732 | 27 | 102 5| 54 1026
1971

Annexes:

Curves 31, 32, 33, 34
Osc. Fig. 3.
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Pigure 3

1,6 ms —

‘Positive flash to the tower on mount San

Salvatore : Upward leader/downward return
stroke

Above : Streak camera foto
Below : Current oscillogram




