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~ Risk assessment

» |EC 62305-2, Protection against Lightning — Part 2: risk
management (2010).

» Ng tends to underestimate the real risk as it does NOT
consider that a flash often has multiple GSPs.

N = number of direct lightning strikes (N = N\ * Ag « Cp)
P = probability of damage to a structure

L = economic loss
R=risk=NeP-.lL
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~ Risk assessment

» |EC 62305-2, Protection against Lightning — Part 2: risk | Example:
management (2010).

» Ng tends to underestimate the real risk as it does NOT
consider that a flash often has multiple GSPs.

Np = Ny » 0.01 + 1; P = 10%; L = 100.000€

R= Nig +0.01 + 0.1+ 100.000
= 100 L N(S)G

N = number of direct lightning strikes (N = N\ * Ag « Cp)
P = probability of damage to a structure

L = economic loss
R=risk=NeP-.lL
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» |EC 62305-2, Protection against Lightning — Part 2: risk | Example:
management (2010).

» Ng tends to underestimate the real risk as it does NOT
consider that a flash often has multiple GSPs.

Np = Ny » 0.01 + 1; P = 10%; L = 100.000€

R= N *0.01« 0.1 + 100.000

_ o _ =100 « N5
N = number of direct lightning strikes (N = N\ * Ag « Cp)
P = probability of damage to a structure @
L = economic loss
R=risk=NePolL Take action if R > R;
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et al. (2021a): Global ground strike point Saba et al. (2006): Negative cloud-to-ground lightning

characteristics in negative downward lightning flashes — Part properties from high-speed video observations, J. Geophys.
1: Observations, Nat. Hazards Earth Syst. Sci., 21, 1909-1919 Res., 111
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.
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Purpose:
e Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
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e Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
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* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
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Purpose:

* Group different strokes of a flash into one or more GSPs.

* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.

* Allows determination of GSP density on a predefined geographical and periodical scale.

* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.
Example
Two Main Types: ®

* Distance-based grouping °

C Y ) 1% GSP

3 stroke

1% stroke = Flash

-

4™ stroke

2" stroke
and 2" GSP

@ Stroke location
@® GSP location
@® Flash location

Courtesy of S. Pedeboy (Météorage)
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
* Distance + uncertainty ellipse combination
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
* Distance + uncertainty ellipse combination
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
* Distance + uncertainty ellipse combination
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Purpose: Example fi“
* Group different strokes of a flash into one or 1 T
* Aims to mimic the exact distribution of GSPs 4
* Allows determination of GSP density on a pre { f';x
e Enables high-certainty estimation of GSP dens

mar

Half Moon Bay 1 Emer,

5 \
Two Main Types: Al \
* Distance-based grouping
* Distance + uncertainty ellipse combination Rednoc

Vagasky et al.: How much lightning actually strikes the United States?,
BAMS, 2024
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
* Distance + uncertainty ellipse combination

Limitation:
e Quality of the local LLS
* Adopting a distance threshold proportional to 3 — 5 times that of the mean LA leads to best
results (Poelman et al., 2021b: Global ground strike point characteristics in negative downward
lightning flashes — Part 2: Algorithm Validation, Nat. Hazards Earth Syst. Sci., 21, 1921-1933)
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Purpose:
* Group different strokes of a flash into one or more GSPs.
* Aims to mimic the exact distribution of GSPs as observed in high-speed camera images.
* Allows determination of GSP density on a predefined geographical and periodical scale.
* Enables high-certainty estimation of GSP density using a large set of actual LLS observations.

Two Main Types:
* Distance-based grouping
* Distance + uncertainty ellipse combination

Limitation:
e Quality of the local LLS
* Adopting a distance threshold proportional to 3 — 5 times that of the mean LA leads to best
results (Poelman et al., 2021b: Global ground strike point characteristics in negative downward
lightning flashes — Part 2: Algorithm Validation, Nat. Hazards Earth Syst. Sci., 21, 1921-1933)

Performance:
* Poelman et al. (2021b) tested 3 different algorithms against a large set of ground-truth
observations taken in different regions in the world. Success rates of up to 90% to retrieve the
correct type of the strokes in the flash. Dieter POELMAN | dieter.poeiman@meteobe |4
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l. IEC 62858 TC81: Lightning Protection
“Lightning density based on lightning location systems — General Principles”
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l. IEC 62858 TC81: Lightning Protection
“Lightning density based on lightning location systems — General Principles”

(R
§ LLS Data for Risk Evaluation

o No common standard for performance requirements
o Ensures reliable & homogeneous N; and N, values
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I. IEC 62858 TC81: Lightning Protection
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l. IEC 62858 TC81: Lightning Protection
“Lightning density based on lightning location systems — General Principles”

(R
>
(S

LLS Data for Risk Evaluation
o No common standard for performance requirements
o Ensures reliable & homogeneous N; and N, values

Iy
i IEC 62305-2 & Risk Assessment

o Only N; or N can be used in evaluation

M LLS Performance Characteristics
o Flash Detection Efficiency (DE) > 80%
o Median Location Accuracy (LA) £ 500m
o 90t percentile LA < 1km
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* Lightning flashes often strike the ground at
multiple locations — not just one!

e Risk models that use flash density N; may
underestimate the true threat.

* Ground strike point density Ny is a more
precise metric for risk assessment.

* High-speed video provides the benchmark
for realistic GSP behavior.

e GSP algorithms can reliably cluster strokes
into meaningful GSPs only when the LLS has
high location accuracy and undergoes
continuous validation.
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e Risk models that use flash density N; may &
underestimate the true threat. Specml thanhs to

* Ground strike point density Ny is a more
precise metric for risk assessment.

* High-speed video provides the benchmark
for realistic GSP behavior.

e GSP algorithms can reliably cluster strokes
into meaningful GSPs only when the LLS has
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high location accuracy and undergoes Wolfgang Schulz Hannes Kohlmann  Stephane Pedeboy

continuous validation.
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