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management (2010

U Ngtends to underestimate the real risk as it does NO'T = Nis)cw0.0101; P= 10%4L.T
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Purpose
A Groupdifferent strokes of a flash into one or more GSPs
A Aims to mimic the exact distribution of GSPs as observed irspiggd camera images
A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations
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Purpose
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A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations
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Purpose
A Groupdifferent strokes of a flash into one or more GSPs
A Aims to mimic the exact distribution of GSPs as observed irspiggd camera images
A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations

Example

®© 1% stroke = Flash

. t
C Y ) 1% GSP

3 stroke

Two Main Types:
A Distancebased grouping

-

4™ stroke

2" stroke
and 2" GSP

® Stroke location
® GSP location
® Flash location

Courtesy of 2edeboyMétéorage
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Purpose
A Groupdifferent strokes of a flash into one or more GSPs
A Aims to mimic the exact distribution of GSPs as observed irspiggd camera images
A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations

Two Main Types:
A Distancebased grouping
A Distance + uncertainty ellipse combinatio™
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Purpose
A Groupdifferent strokes of a flash into one or more GSPs
A Aims to mimic the exact distribution of GSPs as observed irspiggd camera images
A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations

Two Main Types:

A Distancebased grouping
A Distance + uncertainty ellipse combinatio™
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Purpose
A Groupdifferent strokes of a flash into one or more GSPs
A Aims to mimic the exact distribution of GSPs as observed irspiggd camera images
A Allows determination of GSP density on a predefined geographical and periodical scale
A Enables higitertainty estimation of GSP density using a large set of actual LLS observations

Two Main Types:
A Distancebased grouping
A Distance + uncertainty ellipse combinatio™
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Purpose Example o'
A Groupdifferent strokes of a flash into one ¢ S
A Aims to mimic the exact distribution of GS™ )
A Allows determination of GSP density on a { rale
A Enables higltertainty estimation of GSP d N [rvations

Half Moon Bay 1 Emer,
5 N\

Two Main Types: AN | <
A Distancebased grouping
A Distance + uncertainty ellipse combinatio” RedhodliEs

Vagasket al.: How much lightning actually strikes the United States?,
BAMS 2024
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Purpose
A Groupdifferent strokesof a flashinto one or more GSPs
A Aimsto mimicthe exactdistribution of GSPsisobservedn high-speedcameraimages
A Allowsdeterminationof GSRlensityon a predefinedgeographicabnd periodicalscale
A Enabledhigh-certainty estimationof GSRiensityusinga largeset of actualLL Sobservations

Two Main Types
A Distancebasedgrouping
A Distance+ uncertaintyellipsecombination

Limitation:
A Qualityof the localLLS
A Adopting a distancethreshold proportional to 3 ¢ 5 times that of the mean LA leadsto best
results (Poelmanet al., 2021b: Globalground strike point characteristican negativedownward
lightning flashesg Part2: AlgorithmValidation,Nat Hazard€arthSyst Sci, 21, 1921-1933
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Purpose
A Groupdifferent strokesof a flashinto one or more GSPs
A Aimsto mimicthe exactdistribution of GSPsisobservedn high-speedcameraimages
A Allowsdeterminationof GSRlensityon a predefinedgeographicabnd periodicalscale
A Enabledhigh-certainty estimationof GSRiensityusinga largeset of actualLL Sobservations

Two Main Types
A Distancebasedgrouping
A Distance+ uncertaintyellipsecombination

Limitation:
A Qualityof the localLLS
A Adopting a distancethreshold proportional to 3 ¢ 5 times that of the mean LA leadsto best
results (Poelmanet al., 2021b: Globalground strike point characteristican negativedownward
lightningflashesg Part2: AlgorithmValidation,Nat Hazard€arthSyst Sci, 21, 1921-1933

Performance
A Poelmanet al. (2021b) tested 3 different algorithms against a large set of groundtruth
observationstaken in different regionsin the world. Successates of up to 90%to retrieve the
correcttype of the strokesin the flash Dieter POELMAN dieterpoelman@metebe |4
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|. IEC 62858 TC81.: Lightning Protection
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|. IEC 62858 TC81.: Lightning Protection ‘
G AFKOGYAYT RSyYyaride o0l a§BRSEFNIE A KNI K G

(R
LLS Data for Risk Evaluation
| o No common standard for performance requirements
o Ensures reliable & homogeneolg and Ngsvalues

Dieter POELMAN dieter.poelman@metebe .‘



(APL 2025)

B ed GsPs [ B

|. IEC 62858 TC81.: Lightning Protection ‘
G AFKOGYAYT RSyYyaride o0l a§BRSEFNIE A KNI K G

ﬁ LLS Data for Risk Evaluation
o No common standard for performance requirements
o Ensures reliable & homogeneolg and Ngsvalues

/
i IEC 6230% & Risk Assessment

o OnlyNgor Ngscan be used ievaluation
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|. IEC 62858 TC81.: Lightning Protection X ‘
G AFKOGYAYT RSyYyaride o0l a§BRSEFNIE A KNI K G

S LLS Data for Risk Evaluation
o No common standard for performance requirements
o Ensures reliable & homogeneolg and Ngsvalues

/
i IEC 6230% & Risk Assessment

o OnlyNgor Ngscan be used in evaluation

M LLS Performance Cha[actqristics o
o CtFaK 5SUSO0A2Y 9FFAOASYO& 06590 »
o @aSRAFY [20F0A2Yy 1 OOdzN)> Oé o[ ! 0 X ¢
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Il. EUCLID i

Norwegian Sea oy b "“'-{'—waf <
A EUCLID operates ~170 sensors 90 os 9 \
~ Iceland f,-":l . ,-—-.I 9 g

A Network evolves, consistently upgrading from °° Q9 .;;"'9 Ve Q “o

older sensor models to newer ones and 999 Q9
optimizing sensor placement by adding or " 9996 s, o fo A
relocating sensors Q 9 )

A Median LA ~100mJaisbery

~4 9;‘& a ™
A Stroke/flash DE of 84%/98% based on video & 99 9-9983 %1%3 9 e

>N ~ i Moldova

E—fl@ld reCOFdS Q t» o o b Romania :,.\f_\
_ °'v°o Q‘ 'ap%
A EUCLI® NLDN-> CA(CG) = 92% O;ge,,.d 9% o
) _ 0 _ 'hm Gree 5 iStanbul AN "ﬂTurklye
> CA(IC) 86 /0 oo o)ali-lrjlgmu : w“svo J:taﬁ? pe—
© . o T

g{—‘o o o~ A | Jorda

Algeria Dieter POELMAN dieter. poelman@metebe .‘

MMMMMM



V. LLS derived GSPs E]

(APL 2025)

Il. EUCLID -- Al

EUCLID operates ~170 sensors

Network evolves, consistently upgrading from
older sensor models to newer ones and

optimizing sensor placement by adding or _ B Q.. groE
relocating sensors ' y R 9o -
”‘Q“‘a
Median LA ~100nGaisbery Q. i{f
Stroke/flash DE of 84%/98% based on video e T e
Efield records S ey, Mol

-yl a%%‘anomania [F= - .

. s j ‘I' 9 — Black Sea

EUCLID NLDN-> CA(CG) = 92% _ _h{~f§§y!9?jrzié- -

-> CA(IC) = 86% "(E;ree? K« ®Tilrl-(i)r.\a
¢ S o
. - y y _ _ | : Lozl i . Lel:_uiho:
Courtesy of W. Schulz (www.aldis.at) ; . ' e '”“fi!j'o rdal

(=]

Algeria Dieter POELMAN dieter.poelman@metebe .‘



V. LLS derived GSPs

0.01 0.1 03 05 1 2 4 6
GSP density Ng [km~2yr—1]

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards

EarthSyst Sci, 24, 25112522

- m g

13th Asia-Pasic
International
Conference on Lightning
(APL 2025)

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



13th Asia-Pasic :
International

V. LLSderived GSPs S s

<

001 01 03 05 1 2 4 0.01 01 03 05 1 2 4
GSP density Ngg [km~2yr=1]

GSP density Ng [km~2yr~1]

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
Dieter POELMAN dieter.poelman@metebe .‘

EarthSyst Sci, 24, 25112522



13th Asia-Pasic .

International

V. LLSderived GSPs S s

——

0.01 01 03 05 1 2 4 (5}
GSP density Ngg [km~2yr=1]

001 01 03 05 1 2 4 6
GSP density Ng [km~2yr=1]
Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
EarthSyst Sci, 24, 25112522

Median
[km2yr]

Max
[km2yr]

NG NSG
1.3 1.8
6 8.5

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



13th Asia-Pasic :
International

LLSderived GSPs e o b

<

2.0 2.2 2.4 2.6 2.8 3.0
Median separation distance GSPs in flash [km]

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
Dieter POELMAN dieter.poelman@metebe .‘

EarthSyst Sci, 24, 25112522



13th Asia-Pasic :
International

LLSderived GSPs e o b

<

2.0 2.2 2.4 2.6 2.8 3.0
Median separation distance GSPs in flash [km]

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
Dieter POELMAN dieter.poelman@metebe .‘

EarthSyst Sci, 24, 25112522



V. LLS derived GSPs

13th Asia-Pasic
International
Conference on Lightning
(APL 2025)

Percentage [%]

2.0 2.2 2.4 2.6 2.8 3.0
Median separation distance GSPs in flash [km]

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
EarthSyst Sci, 24, 25112522

100
a0
80 —
70 —
60 —
50 —

40 —
30

20 —

1 =17 T
10t

T TTTTT T T TTTTT T T TTTTT T
102 103 104
Distance between G5SPs [m]

T TTTTIT
10°

Separation
Distance [km]

Median 2.3
10 percentile 0.9
90 percentile 5.5

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



13th Asia-Pasic

N T

V. LLS derived GSPs e o

(APL 2025)

{SIY X mMPp

Mean GSPF Land: 1.3
Mean 2.1
. (95% of flashes
multiplicity

X ¢ auNrRi]Sa

1.0 11 1.2 13 1.4 1.5 1.6 14 16 18 20 22 24 26
Average number of GSPs per flash Mean multiplicity

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
EarthSyst Sci, 24, 25112522 Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



13th Asia-Pasic .

V. LLS derived GSPs e o

<

(APL 2025)

e

1.0 11 1.2 13 1.4 1.5 1.6
Average number of GSPs per flash

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
EarthSyst Sci, 24, 25112522

GSP/Flash

QRCCONN

<10 1.2 14 16 18 20 >2.0

Vagaskyet al. (2024): How much lightning actually strikes
the UnitesStates Bull Amer Meteor. Soc, 105, E749-E759

{SIY X mMPp

Mean GSPF Land: 1.3

2.1
(95% of flashes A
X ¢ auNrRi]Sa

Mean
multiplicity

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



V. LLS derived GSPs

1.3 14 15 16 17
Average number of GSPs per flash

. m —

13th Asia-Pasic
International

Conference on Lightning §
(APL 2025) ‘

KMi-IRM

Dieter POELMAN dieter.poelman@metebe .‘



—

V. LLS derived GSPs rj

E—— (APL 2025)

i

I e [ S
1.3 14 15 16 17 1.50 1.75 2.00 2.25
Average number of GSPs per flash Average number of GSPs per flash

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



<

V. LLS derived GSPs rj

E—— (APL 2025)

I e [ S [ |
1.3 14 15 16 17 1.50 1.75 2.00 2.25 1.75 2.00 2.25 2.50 275
Average number of GSPs per flash Average number of GSPs per flash Average number of GSPs per flash

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



r 13th Asia-Pasic “j —

V. LLS derived GSPs e

b (APL 2025)

L | ||
13 14 15 16 17 1.50 1.75 2.00 2.25 1.75 2.00 2.25 250 275

Average number of GSPs per flash Average number of GSPs per flash Average number of GSPs per flash

2.0 2.5 3.0 Dieter POELMAN dieterpoelman@metebe .‘
Average number of GSPs per flash K RM



V. LLS derived GSPs

L |
13 14 15 16 17 1.50 1.75 2.00 2.25

Average number of GSPs per flash Average number of GSPs per flash

e |
2.0 2.5 3.0 1.5 20 2.5 3.0 35
Average number of GSPs per flash Average number of GSPs per flash

<

e
13th Asia-Pasic B I
International ‘
l Conference on Lightning §
& (APL 2025) ‘

||
1.75 2.00 2.25 2.50 275
Average number of GSPs per flash

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



——s

V. LLSderived GSPs Eﬁj\% e

(APL 2025) 7 "
e —— e - .,..‘_; - T—‘ = ‘t‘? S 4«.7?.. __Anﬂ

I [ S
1.3 14 15 1. 1.50 1.75 2.00 2.25 1.75 2.00 2.25 2.50 275
Average number of GSPs per flash Average number of GSPs per flash Average number of GSPs per flash

S e
feal; T e e 00 02 04 06 08 10
i L RS S e el i Normalized number of GSPs per flash
2

e |
0 2.5 3.0 15 20 25 3.0 Dieter POELMAN dieter.poelman@metebe .‘
Average number of GSPs per flash Average number of GSPs per flash K RM




<

V.. LLS derived GSPs =

(APL 2025)

T —

2.4 35 2.4 35
(a)
2.2 2.2 1
...‘,.l..".t“" _30 ".....‘ _30
20_‘ ‘... “-. 2.0 .-"‘o o.‘
w 0.._ "' ‘,o..,‘.
o RLALE -25 . a2 -25
5 1.8- 181 " e B
g v =l
S 161 20 161 - 20
z
1.4_/~¢-\-¥/15 1.4_ _15
1.2_“2“2\Q\Q\Q\Q\Q\Q\Q\Q\Q\Q\Q‘Q\Q\Q‘Q‘Q\Q\Q‘Q‘Q\Q\Q 1.2_\52 E F4 E F4 ) * * * £ F &
A EEE R EEPEIS L R EEEEE SUNMN E O SRS O BB I BE R AT
0 2 4 6 8 10 12 14 16 18 20 22 1 2 3 4 5 o6 7 8 9 10 11 12
UTC Month

Poelmanet al. (2024): Insightsinto groundstrike point propertiesin
Europethrough the EUCLIDightning location system,Nat. Hazards
EarthSyst Sci, 24, 25112522

Dieter POELMAN dieter.poelman@metebe .‘

KMi-IRM



—

VI. Takeaway Message | e

(APL 2025)

Dieter POELMAN dieter.poelman@metebe .‘



A

A

VI. Takeaway Message

Lightningflashesoften strike the ground at
multiple locationsc not just one!

Riskmodelsthat use flash density N; may
underestimatethe true threat.

Ground strike point density Ngg IS a more
precisemetric for riskassessment

Highspeed video provides the benchmark
for realisticGSHbehavior

GSPalgorithms can reliably cluster strokes
into meaningfulGSPonly when the LLSas
high location accuracy and undergoes
continuousvalidation
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A Lightningflashesoften strike the ground at
multiple locationsc not just one!

A Riskmodelsthat use flash density N; may
underestimatethe true threat.

A Ground strike point density N is a more
precisemetric for riskassessment

A Highspeed video provides the benchmark
for realisticGSHbehavior

A GSPalgorithms can reliably cluster strokes
into meaningfulGSPonly when the LLSas
high location accuracy and undergoes
continuousvalidation
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