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O\VEJ OUTLINE AL@_@

= How can we measure lightning
parameters”?

= Lightning current measurement at
Gaisberg tower

= Lightning current parameters inferred from
LLS
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OVE,

METHOD

Available Sources for Lightning
Parameters

ALDIS

TOWER
MEASUREMENTS

direct current

measurement
on natural lightning

TRIGGERED LIGHTNING

direct current
measurement

correlated measurements
of currents, fields, optical
properties etc. relatively
easy

LIGHTNING LOCATION

huge amount of data

large scale coverage of
lightning activity

only few events per
year

tower effects

majority of
discharges upward
initiated

local parameters

NO First Stroke

similarity of natural
subsequent strokes and
triggered strokes is
questionable

local parameters

peak current is inferred
from peak fields

measured peak fields
are affected by ground
conductivity, Vg,
sensor bandwidth, etc.

peak | versus peak E
correlation is unknown
for pos. lightning
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% HISTORY: BERGER's Tower

Measurements at Mont San Salvatore

ALDIS,

Two instrumented towers
1943 — 1972 (29 years !!!)
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101 neg. CG first strokes
135 neg. subsequent strokes
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% Lightning Current Parameters AL\D_”S/

(Adapted from Berger et al.,1975)

Number Percentage of cases
of Parameters i exceeding tabulated value
events

50 % 5 %

Peak current (>2 kA)

101 Negative first strokes kA 14 30

135 Negative subsequent strokes kA 4.6 12 30

26 Positive first strokes kA 46 35 250
Charge

93 Negative first strokes C 1,3 75 40

122 Negative subsequent strokes C 0,2 1.4 11

26 Positive flashes C 20 80 350

89 Negative first strokes 1,8 )

118 Negative subsequent strokes us 0,22 1.1 4 5

19 Positive first strokes us S0 22 200

91 Negative first strokes A?s 6.000 55.000 550.000

88 Negative subsequent strokes  AZs 550 6.000 52.000

26 Positive first strokes Als 25.000 650.000 15*108
Maximum di/dt

92 Negative first strokes kA/us oI5 12 32

122 Negative subsequent strokes  kA/us 12 40 120

21 Positive first strokes kA/us 0,2 24 32

Adapted from Berger et al. (1975)
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Lightning Current Parameters

IEC 62305-1

First short stroke

Current parameters Symbol

Peak current I

Short stroke charge ehort

Specific energy W/R

Time parameters /1

10 f 350

Subsequent short stroke

LPL

Current parameters Symbol

Peak current I

Average steepness difds

Time parameters TyTs

Long stroke

Current parameters Symbol

Long stroke charge Qiong

Time parameter Tang

Current parameters Symbol

Flash charge Mash
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OVE

Lightning current measurements at
Gaisberg tower

= |[ntroduction
= |[nstrumentation
= Data analysis

ALDIS,

= Measured data versus LLS data
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% Ground Flash Densityinthe A )|

Salzburg area

Flashes/kmZ2.year

1992-2001

I more than 8
| |from6to8
. from4to6
-from 2to 4
| lfrom0to 2
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Q\_/Ej Tower Instrumentation
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Tower and trailer
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OYE/ Instrumentation concept ALD@

Shunt

Channel 1: 0 - 2.1 kA
Channel 2: 0 - 40 kA

Highspeed video Field mill
system

g

GPS receiver E-Field L

g =

3 170 m

Y
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% Current measurement AL@@

= 0,25 mQ Shunt
= 2 Channel 8 bit digitizer
=« CHO: OKkA ..... 2 kA
« CH1: 0 kA ... 40 kKA
= Sampling Rate 20 MS/s (50ns Time resolution)
= Total record length 800 milliseconds
= Pretrigger Period 15 milliseconds
= Trigger Threshold 200 A
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OVE ALDIS )

= Offset Correction for proper measurement of total charge
(based on pre-trigger record)

= 250 kHz filter (Butterworth 2"d order) for Noise Reduction
= Q4 WIR of flash
" |y, Qgyoxe Of €aCH Stroke

= Search for correlated ALDIS data (flash, stroke, sensor
data)

e
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% Tower triggered lightning

1 ) I -
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Upward Initial continuous No-current Downward Upward
pos. leader current (ICC) ! interval neg. leader return stroke
i R-Puls
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O\\_/D Current waveshape types in upward AL@@

initiated tower lightning (1) _

= Initial Continuing Current (ICC) without any
pronounced pulses superimposed on the ICC or
following the ICC (before offset correction)

— Ch0 ISCBE 1

ke,
0.4-
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OYE/ Initial Continuing Current (ICC) AL@[@

with superimposed x-Pulses

i
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< -400-
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OVE Initial Continuing Current (ICC) ALD”S
\_/ with x-Pulses and followed by B-Pulses .R\_/

:mﬂ' _g

-0.5 /(H J ,,,J, +

a-pulses
-1.0
/CZD
B-pulses
-1.5
-2.0
0 100 200 300 400
ms
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OVE ) tyictvavetoms orocanaouses - ALDIS )

B-Pulse

(similar to subsequent strokes)

a-Pulse
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Lightning Occurrence AL@_S/

Gaisberg Gaisberg

Number of recorded flashes per year
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% High Speed Video System AL@_@

= UP TO 1000 FRAMES/SEC (BMP FORMAT)
— OPERATED IN 500 fps MODE

= RESOLUTION: 512 x 240 PIXEL
= 8 BIT GRAY VALUES (0 ... BLACK, 255 ... WHITE)

= CAMERA IS TRIGGERED BY THE TOWER CURRENT
SIGNAL
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% 17.8.2000 19:08:38 (NRS)
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OVE 21.9.2000 02:53:29 ALD”S
\J Downward Strokes attach to upward leader \—J
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% ALDIS Lightning Location System AL\D@S/

Dobersberg

GB Tower Site

Niederoblarn

Hohenems

urstenfeld
Notsch
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123 Sensors (Dec 2005)

IMPACT 181T
IMPACT ES
IMPACT ESP
LPATS 1l
LPATS IV

LS 7000

www.euclid.at
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% EUCLID Lightning Location Sensors

ALDIS,

(Status 2000-2005)
W i @
% [ .
A
f A & A
S

I\ A,

Type of sensor:
4 IMPACT
L IMPACT ES
= IMPACT ESP
® LPATS 3
LPATS 4

COST P18 Training School
Kiten, Bulgaria, September, 2007

G. Diendorfer




% Flash Detection Efficiency (2000-2005) AL@_@

= Flash Detection Efficiency

— Only a fraction of flashes to the tower include a downward leader —
return stroke sequence (3-pulse)

= Total of 343 lightning events were recorded 2000-2005

-~ 110 discharges with & pulses and at least one 3 pulse
— 109 discharges with one or more x pulses > 2kA

= About 40% of all tower discharges did not exhibit any
pronounced current pulses (ICC only) and therefore were
not detected by the LLS
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OVE)

Flash Detection Efficiency

(2000-2005)

ALDIS,

All Flashes to the Tower with Ip > 2kA

99% 99% 99%

DE of Flashes with at least one B pulse
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Note: Missing 2 flashes are probably a

result of failure in GPS timing of
tower records
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Peak Current Distribution ALD”S
(2000 — 2005) J
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98 ] Pulses |, > 2kA

—a-Pulses (u=4.4kA, c,,=0.24,n=509)
95 |—B-Pulses (u=96KA, 5, =0.23,n=476)]
90

3 —Pulses in tower lightning

are the best representation

of subsequent strokes in

natural lightning !!!
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Stroke Detection Efficiency

ALDIS
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GAISBERG Lightning Location System (LLS) UL
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OVE,

Location Accuracy
(2000-2005)

o - Pulses: ©
N = 268
Median: 369 m

B - Pulses:
N = 406
Median: 368 m

2000 m — North

East

|

-2000 m
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-2000 m —
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\\_/J Location Accuracy
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OYE/ Location Error versus Peak Current ALD_[@
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Measured Peak Current versus

LLS Inferred Peak Current (2000 - 2005)
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Ol/b Cumulative Probability Distribution of AL@@

neg. Peak Currents of first strokes
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% First Strokes in Downward Lightning AL@@

= Only very few cases could be classified as downward
discharges to the tower
— Classification is done based on absence of ICC current
— images showing branching direction are not available
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% Positive Flashes/Strokes AL@D_”SJ

= Peak amplitudes of pos. lightning is inferred using the same relation as for
neg. strokes.

Only very few ground truth data exists

MWk w s w0 85

| =84 KA 5= 33.8 kA
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OVE)  someommime  ALDIS)

Tower effect on LLS inferred peak currents

Field-to-current relation for pos. lightning

- RS speed of pos. lightning ?77?

Regional Differences in Lightning Parameters

etc.
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THANK YOU!!

QUESTIONS ?7?7?72?
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