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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS -

GENERAL PRINCIPLES

FOREWORD
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International Standard IEC 62858 has been prepared by IEC technical committee 81:
Lightning protection.

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Two informative annexes are introduced dealing with the determination of lightning density for
risk calculation (Annny A) and grmmrl strike pninf calculation methods (Annny R)

The tgxt of this International Standard is based on the following documents:

FDIS Report on voting
81/627A/FDIS 81/634/RVD

Full information on the voting for the approval of this International-Standard can be folund in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/EC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the IEC website under "hitp://webstore.iec.ch" in the data reldted to
the specific document. At this date, the document will be
e re¢onfirmed,

. wilhdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indi¢ates
that | it contains (colours which are considered to be useful for the cofrect
unddrstanding of its contents. Users should therefore print this document using a
colour printer;
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INTRODUCTION

International standards for lightning protection (e.g. IEC 62305-2) provide methods for the
evaluation of the lightning risk on buildings and structures.

The lightning ground flash density Ng, defined as the mean number of-lightaing flashes—te
ground per square kilometre per year, and the ground strike point density Ngg, defined as the
mean number of ground strike points per square kilometre per year-is are the primary input
parameters to perform such an evaluation (see Annex A).

In many areas of the world—AN_.—is derived from data for risk evaluation are provided by
lightnipg location systems (LLSs), but no common rule exists defining requirements either for
their performance or for the elaboration of the measured data.
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LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS -

GENERAL PRINCIPLES

1 Scope

This document introduces and discusses all necessary measures to make reliable and
homogeneous the values of ground flash density, Ng and ground strike point density, Ngg,

obtainﬁdimwmmmu_@wmmmmﬂ at are
relevant to risk assessment are considered.

2 N

The fq
conter
cited 4
any af

IEC 61

IEC 6

3 Terms, definitions, abbreviated terms and symbols

3.1

For th
IEC 61

ISO a
addre

brmative references

llowing documents are referred to in the text in such a way thatysome or all
t constitutes requirements of this document. For dated referegnces, only the
pplies. For undated references, the latest edition of the referefced document (ing
nendments) applies.

P305-1, Protection against lightning — Part 1: General prinCiples

P305-2, Protection against lightning — Part 2: Risk management

Terms and definitions

e purposes of this document, .the terms and definitions given in IEC 62305-
P305-2 and the following apply:

hd IEC maintain terminolagical databases for use in standardization at the fol
Eses:

C Electropedia: available at http://www.electropedia.org/

D Online browsing platform: available at http://www.iso.org/obp

their
dition
luding

1 and

owing
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3.1.1
ground flash density
Ng

mean

3.1.2

groun(d strike-point density

Nsg
mean

of the number of strike-points to ground-er-to-ground-based-objects per unit arg

unit time (strike-points x km=2 x year-1)

3.1.3

lightnjing sensor

number of cloud-to-ground flashes per unit area per unit time (flashes xkm2 x year1)

ba per

within

hce of

i-minor

devicqg that measures electromagnetic signals produced by lightning discharges

3.1.4

lightnjing location system

LLS

netwofk of lightning sensors that work together to detect and geolocate lightning events
the arga of the system’s coverage

Note 1 fo entry: This note applies to thé French language only.

3.1.5

confidence ellipse

ellipsg centred on the(estimated ground strike-point, describing the degree of confide
the log¢ation estimation)(e.g. 50 %, 90 %, 99 %) based on sensor measurement errors
Note 1 ffo entry: AHe confidence ellipse is described in terms of the lengths of the semi-major and sen
axes ag well as thebearing of the semi-major axis.

3.1.6

uptimg

duration of fully functional operation of a lightning location system sensor, expressed as a
percentage of the total observation time

3.1.7

stroke detection efficiency
flash detection efficiency

percentage of strokes or flashes detected as a percentage of the total number of strokes or
flashes occurring in reality

3.1.8

median location accuracy
median value of the distances between real stroke locations and the stroke locations given by

the lig

htning location system
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GSP
IC
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Abbreviated terms and symbols
cloud-to-ground-lightring
flash detection efficiency
ground strike point
cloud-lightning intra-cloud and inter-cloud
location accuracy
lightning location system
ground flash density

rond ctel
oot

4.1

The p
the lig
or les

P o
grouort LIAw >

eneral requirements

General

htning data available for calculating Ng 3451 [1]1. A value of Ngwith an error of
5 is deemed to be-acceptable adequate for lightning risk assessment. Data fro

LLS that is able to detect CG lightning and accurately determine the point of strike

stroke
chara

e Fla
of
co
ne
se

e |o
str]
co

e Classification accuracy:

ca
str]
e.r_
ac

L3
These

includ
deviat

teristics are required for computation of Ng with adeguate accuracy.

sh detection efficiency (DE): The value of the annhual average flash detection effi

hsors of the network.

mputed. This LA is usually obtained within the interior of the network.

culation, erroneously low.‘ar high values of NG will be identified—if when too ma

high-values—of-Ng )., This is especially true for single-stroke CG flashes. A classif
turacy (CG flashe$tnot misclassified as IC) of at least 85% is required.

5-notrecommended-to-use-Ng-values-having-more-than2-decimals-

the n
from t

on ofSsensor timing error, semi-major axis length of the 50 % confidence ellips
mber-of reporting sensors, which may be known from the LLS manufacturer or av

erformance characteristics of a lightning location system (LLS) détérmine the quality of

20 %
m any
bf CG

5 can be used for the purpose of Ng computation. The following LLS performance

Ciency

an LLS for CG lightning shall be at least 80 %/in the region over which Ng has| to be
mputed. This DE is usually obtained within thehinterior of the network. The interior|of the
fwork is defined as the region within the boundary defined by the outermost adjacent

cation accuracy (LA): The value ofithe median location accuracy of an LLS fpr CG
pkes shall be better than 500 m in*aH—regiens—in the region over which Ng has|to be

In anetwork with a flash DE meeting the criteria set for Ng

ny CG

pkes are misclassified @scloud pulses (or vice versa,this-may-lead-to-erroneoudlytow

cation

performance characteristics of an LLS can be determined using a variety of me¢thods
ng network self-referencing (using statistical analysis of parameters such as stgndard

B, and

T;il_able

e LS data) and comparison against ground-truth lightning data obtained using vjarious

techniques. These methods are discussed in Clause 5. A performance evaluation based on
the methods described in Clause 5 and all the relevant basics of the network have to be

provid

ed on request.

The flash DE, LA, and classification accuracy of an LLS depend on a few fundamental
characteristics of the network. LLS owners, operators, and data-providers should consider the
following factors while designing and maintaining their networks to ensure that the lightning

data a

re of adequate quality for Ng computation.

— Sensor baseline distance: The distance between adjacent sensors in an LLS-er so called
sensor baseline distance is influenced by the area of desired coverage and the sensitivity
of individual sensors. Sensor baseline distance is one of the factors that determine the DE

1 Numbers in square brackets refer to the Bibliography.
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and LA of an LLS. The maximum sensor baseline distance of an LLS shall be such that
the DE and LA of the network meet the criteria for Ng calculation described above.

— Sensor sensitivity: The sensitivity of sensors in an LLS primarily determines the ability of
the network to detect lightning events of different peak currents. The sensitivity of sensors
in an LLS shall be such that lightning events with peak currents in the range of 5 kA to
300 kA are detected and reported by the LLS. Sensor sensitivity is determined by various
factors such as trigger threshold, electronic gain, sensor bandwidth, and background
electromagnetic noise.

— Sensor uptime: The uptime of different sensors in a network determines the DE and LA of
the network. The spatial and temporal variations of DE and LA are determined by the
location of sensors that are up and contributing to the network. Hence it is important to
guprantee that LLS sensors are up and running with no interruption.

4.2 |Stroke-to-flash grouping

Return strokes detected by lightning location systems shall be grouped into flashes for Ng
calculation. Multiple ground strike-points are included in the same flash. Thig'grouping i$ done
based|on a spatio-temporal window.

A subkequent stroke is grouped with the first return stroke to formiva flash if the following
criteria are met:

a) the stroke occurs less than or equal to 1 s after the first return stroke;
b) the location of the stroke is less than or equal to 10 km from the first return stroke;
c) the time interval for successive strokes is less than'er equal to 500 ms.

The flash position is assumed to be the location of the first stroke.

Curreptly-a-multiplicationfactorof 2, relating Ngte-Ng o -shalt-beused {2}

Strokgs can also be grouped iate ground strike points to obtain Ngg based on different
algorifhms described in AnnexB

4.3 |Minimum observation periods

A suffficiently long sampling period is required to ensure that short time scale variatipns in
lightning parameters’ due to a variety of meteorological oscillations are accountgd for.
Additipnally large-'scale climatological variations limit the validity of historic data. [Some
lightning detection networks have been recording lightning data for several decades and
during thistime there have been measurable changes to the-glebal-meteorology climate

4.0 £ 11

A set Oftightmingdataforatteast-t0futcatendaryearstsrequired; withthemewestdata used
not being older than five years. The data should be as continuous as possible, unless the data
does not fulfil the performance requirements in some particular years which have then to be
removed.

4.4 Observation area

The observation area is an area over which lightning data of quality as described above are
available.

Different networks and sensor technologies will have different sensitivities with which they
detect lightning. Network coverage falls off outside the boundaries of a network. In general,
lightning data within half the average sensor baseline distance (distance between adjacent
sensors in the network) from the boundary of the network should be of sufficient quality for Ng
calculation{44].
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4.5 Grid cell size

Ground flash density (Ng) values vary annually and regionally. Lightning data have to be
evaluated as a raster map, i.e. a gridded array of cells constrained by a geographic boundary:
the area of interest is divided into a regular grid (tessellation of the geographic area) and the
Ng calculation function is applied to all the flashes occurring within the grid. The resulting
value is then assumed to be the meaningful value within that area.

Grid size-shall has to be chosen in such a way that the dimensions of each cell and the
number of years considered both comply with the minimum requirements obtained from
Formula (1), following Poisson distribution and the law of rare events, thus obtaining an
uncertainty of less than 20 % at 90 % confidence level [82].

NG * Tops X Agei = 80 (1)
where
Ng is the ground flash density, in km-2 year-1;
Tops | is the observation period, in years;
Ao | is the area of each single cell, in km2.

The dpta used in this analysis shall conform to the requiréments of both 4.2 and 4.8. The
minimpum permissible cell dimension, irrespective of ground flash density and observation
period, shall not be less than double the median locatignyaccuracy.

4.6 |Edge effect correction

As defined in 4.5 the size of the smallest cell\that can be considered should-be-suchithat-it
contaips contain at least 80 flashes. In order'to avoid edge effects for this cell the Ng|value
shall Be obtained by integrating over a finer sub-grid of 1 km x 1 km resolution.

5 Validation of lightning location system performance characteristics

The performance characteristics of an LLS determine the quality of the lightnind data
availaple. These performahcé characteristics include:

— de}ection efficiency,for IC and CG flashes and CG strokes;
— logation accuracy;

— pepk currentyestimation accuracy; and

— lightning classification accuracy.

As stdted’in Clause 4, for Ng and Ngg the determination of-CG-flash DE, LA, and lightning
classification accuracy is of prlmary |mportance These performance characteristics can be
evaluated using a variety of techniques which are summarized below.

a) Network self-reference: In this technique, statistical analysis of parameters—{e-g—41}
such as standard deviation of sensor timing error, semi-major axis length of the 50 %
confidence ellipse, and the number of reporting sensors, is used to infer the LA and DE of
an LLS. Examples of such studies are found in [3], [4] and [#5]. This method requires data
collected by the network after it has been properly calibrated. It can provide a good
estimate of the network’s performance in a cost-effective, practical manner.

b) Rocket-triggered lightning and tall object studies: This method uses data from rocket-
triggered lightning experiments or lightning strikes to tall objects (e.g. instrumented
towers) as ground-truth to evaluate the performance characteristics of an LLS within
whose coverage area the triggered lightning facility or the tall object is located. The LA,
DE, peak current estimation accuracy, and lightning classification accuracy of an LLS can

be measured using this method.-Examples—ofstudies—usingrocket-triggered-tightningfor
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d)

triggered lightning or lightning to tall structures for LLS performance evaluation include
[6], [7], and [8]. These methods provide the best ground-truth data for performance
characteristics validation for CG lightning. In addition, these methods are the only ways to
directly validate peak current estimation accuracy of an LLS. However, they may be very

expensive and may not be practical for all regions. There are only a few triggered lightning
fagilities and instrumented towers across the world. The results obtained from|these
me¢thods are valid indicators of LLS performance only for the region wherédhe rpocket-
triggered lightning facility or instrumented tower is located. Additionally, récket-triggered
lightning provides data for return strokes similar to only subsequent strokes in natural
lightning. No data for first strokes in natural lightning can be obtained using this
te¢hnique. This is also often the case for lightning strikes to tall objécts depending upon
th;ﬁ height of the object, local terrain, storm type, and other factors)“Since first strokes in
natural lightning are expected to have, on average, peak fields,'and currents that|are a
fagtor of two larger than those for subsequent strokes (e.g.([9]), CG flash and stroke DE
estimated for an LLS using these methods may be somewkat.of an underestimate.

Vigeo camera studies: Lightning data obtained using~yvideo cameras can be used as
ground-truth to evaluate the performance characteristics of an LLS within whose coyerage
arga the lightning discharges occur. The LA, DE~and lightning classification accurpcy of
an| LLS can generally be estimated using this.method. Examples of studies using|video
cameras for LLS performance evaluation include [48] and [149]. In this method| data
collection can be time consuming and challenging because the exact locations of lightning
digcharges to be captured on video canngt be predicted. Additional instrumentation such
as|antennas measuring the electric field\from lightning discharges is often required fpr this
te¢hnique.

Inter-comparison among networks: The performance of one LLS that is being testgd can
bel] compared against another LLS that may be used as reference, as long 3s the
reference LLS is extremely Wwell calibrated and its performance has been characterized
independently. This method+allows inferences to be made about the detection efficiency
and location accuracy of the test LLS relative to the reference LLS. If the refgrence
ne work prowdes VHF lightning mapping, inference about the test network’s IC defection

i ; C-CG
ique is
e only
ork is
e test

nance

character|st|cs of an LLS it is |mportant to understand the strengths and weaknesses of the
methods used, in order to obtain reliable estimates of LLS performance characteristics.



https://iecnorm.com/api/?name=48a0ae2490a6f2f647980de17b17d13c

-12 - IEC 62858:2019 RLV © IEC 2019

Annex A
(informative)

Determination of lightning density for risk calculation

The lightning ground flash density Ng is the number of lightning flashes per square kilometre
per year. In many areas of the world this value can be derived from data provided by local
lightning location systems (LLSs) according to this document.

Hlstor|cally Ng was determined from thunderstorm days or with the data of lightning flash
sage of

thundg¢rstorm days or data from I|ghtn|ng flash counters is no longer recommended Q

In ardas without ground-based lightning location systems, the recommende(%%hmate of
ground flash density [11] is:

N = 0,25x N, *® (A1)

N; beipg the total (CG + IC) density of optical recorded flash @er km2 per year, obftained
through the NASA website (https://lightning. .nasa.gov/data/data_l|s-otd-
climatplogy.html). Figure A.1 gives an overview of total den%ﬂes N; all over the world.

IEC

SOUR(E: https:// ‘nsstc.nasa.gov/pub/lis/climatology/LIS-OTD/HRFC/browse/HRFC_COM_FR_V2.3.2(315.png
reprodyced with @ ermission from the authors.

Q/C) Figure A.1 — High resolution full climatology (HRFC) N, data

NOTE In most areas of the world, an indication of lightning activity can be obtained from observations of lightning
optical transients. Satellite-based sensors respond to all types of lightning with relatively uniform coverage. With
sufficient averaging, optical transient density data provide better estimates of ground flash density than thunder
observations, which have a wide range of relations between ground flash density and thunderstorm hours or
thunderstorm days. There are also regional variations in the ratio of ground flashes (CG) to total flashes (CG + IC).

Often flashes exhibit multiple ground strike-points. Modern LLSs may provide Ngg directly
according to one of the methods described in Annex B. In case of availability of Ngg from
LLSs, using this data is recommended if the overall Ngg results were independently validated.


https://lightning.nsstc.nasa.gov/data/data_lis-otd-climatology.html
https://lightning.nsstc.nasa.gov/data/data_lis-otd-climatology.html
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Annex B
(informative)

Ground strike points (GSPs) explanations and calculation methods

About half of negative cloud-to-ground lightning flashes exhibit several ground strike points.
This happens when a given dart leader partly follows the preceding return stroke channel,

ending by creating its own path to the ground. Every ground strike point represents a
and should be accounted for in the lightning risk calculation.

Y
There|are different algorithms available to determine ground strike points for@g~dat
advarJages and disadvantages: Q’\
o)

pafameters, including location difference and other parameters th an help identi
greund strike points, for example rise time. This method has treg[p tential to identi
greund strike points when the location uncertainty is larger thar’the separation dis
The “vote” approach weakens the location difference analé&

knpwn. This method is highly dependent on the quali the rise-time paramet
some LLS technologies may not provide the rise time @nd peak-to-zero time infor

at gll. Q

e Pédeboy [13], [14], [15] implemented a reliable
mgthod. This algorithm does not employ a S&nplete statistical treatment of thg
gepmetry embodied in the error ellipses (i% just scaled by the size of the conf

e Cymmins [12] employed discriminant analysis to create a “vote ¢ ?Q’é’gﬁased on s

elllpse) and has no mechanism to distinguisi¥ between individual ground strike points
th¢ location uncertainty is larger than th ’%eparation distance of the ground strike po

hen the locations ar¢

threat

A with

veral
Y new

ly new

ance.

cIQstering algorithm based on the k-means

error
dence
when
nts.

e Cgmpos [16], [17] does a rigorous istical job of evaluating the location uncertaipty by

us|ng the geometry of the error ellipse in the full latitude/longitude space, while emb
the strengths of the k-means a ach developed by Pédeboy. This method has the
pofential weakness as th;&&@éach from Pédeboy, in that it has no mechanism to “

the classification when th ation uncertainty is larger than the separation distance].

-

After gpplying one of th@e ‘algorithms to LLS data, the ground strike point density d
determined spatially a ding to the same rules as the ground flash density.

@ .
Q~
O
3

racing
same
refine”

an be
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS -
GENERAL PRINCIPLES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all jhational electrotechnical committees (IEC National Committees). The object of IEC is to, promote
intefnational co-operation on all questions concerning standardization in the electrical and electronic-figlds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,
Tecpnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred, to ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested
in the subject dealt with may participate in this preparatory work. International, governmental arjd non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates|closely
with| the International Organization for Standardization (ISO) in accordance with, €onditions determ|ned by
agrgement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly,as possible, an interpational
congensus of opinion on the relevant subjects since each technical committee has representation {from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international use”and are accepted by IEC INational
Committees in that sense. While all reasonable efforts are made to-ensure that the technical contenf of IEC
Publications is accurate, IEC cannot be held responsible for the ‘way in which they are used or for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National €ommittees undertake to apply IEC Publ|cations
trangparently to the maximum extent possible in their national and regional publications. Any divérgence
between any IEC Publication and the corresponding natienal or regional publication shall be clearly indigated in
the |atter.

5) IEC]itself does not provide any attestation of conformity. Independent certification bodies provide copformity
assgéssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible [for any
ser\ices carried out by independent certification,bodies.

6) All dsers should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committees-and IEC National Committees for any personal injury, property damage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feg¢s) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attgntion is drawn to the-Normative references cited in this publication. Use of the referenced publications is
indigpensable for the cercect application of this publication.

9) Attgntion is drawn to the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEG,shall not be held responsible for identifying any or all such patent rights.

Interngtional\Standard IEC 62858 has been prepared by IEC technical committde 81:
Lightning protection.

This second edition cancels and replaces the first edition published in Z015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

Two informative annexes are introduced dealing with the determination of lightning density for
risk calculation (Annex A) and ground strike point calculation methods (Annex B).
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The text of this International Standard is based on the following documents:

FDIS Report on voting
81/627A/FDIS 81/634/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the conter of tt gocument witt rtemain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch” in the data reldted to

the specific document. At this date, the document will be

e re¢onfirmed,
. wilhdrawn,
o replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the coveripage of this publication indi¢ates
that | it contains colours which are considered’ to be useful for the cofrect
unddrstanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

International standards for lightning protection (e.g. IEC 62305-2) provide methods for the
evaluation of the lightning risk on buildings and structures.

The lightning ground flash density Ng, defined as the mean number of flashes per square
kilometre per year, and the ground strike point density Ngg, defined as the mean number of
ground strike points per square kilometre per year are the primary input parameters to
perform such an evaluation (see Annex A).

In many areas of the world data for risk evaluation are provided by lightning location systems
(LLSsl, but no common rule exists defining requirements either for their performance|or for
the elaboration of the measured data.
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LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS -

GENERAL PRINCIPLES

1 Scope

This document introduces and discusses all necessary measures to make reliable and
homogeneous the values of ground flash density, Ng and ground strike point density, Ngg,

obtainﬁimm@hmmmmwm“mmmmﬁ at are
relevant to risk assessment are considered.

2 N

The fq
conter
cited §
any af

IEC 61

IEC 6

3 Terms, definitions, abbreviated terms and symbols

3.1

For th
IEC 61

ISO a
addre

o |E
e |S

3.1.1

ground flash'density

Ng
mean

brmative references

llowing documents are referred to in the text in such a way thatysome or all
t constitutes requirements of this document. For dated references, only the
pplies. For undated references, the latest edition of the referefced document (ing
nendments) applies.

P305-1, Protection against lightning — Part 1: General principles

P305-2, Protection against lightning — Part 2: Risk management

Terms and definitions

e purposes of this document, .the terms and definitions given in IEC 62305-
P305-2 and the following apply:

nd IEC maintain terminolagical databases for use in standardization at the fol
ESes:

C Electropedia: available at http://www.electropedia.org/

D Online browsing platform: available at http://www.iso.org/obp

their
dition
luding

1 and

owing

numbeér of cloud-to-ground flashes per unit area per unit time (flashes x km2 x yeTr'1)

3.1.2
groun
N,

X year

3.1.3
lightn

d strike-point density

_1)

ing sensor

device that measures electromagnetic signals produced by lightning discharges

SG
mean of the number of strike-points to ground per unit area per unit time (strike-points x km-2
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3.1.4

lightning location system

LLS

network of lightning sensors that work together to detect and geolocate lightning events within
the area of the system’s coverage

Note 1 to entry: This note applies to the French language only.

3.1.5

confidence ellipse

ellipse centred on the estimated ground strike-point, describing the degree of confidence of
the location estimation (e.g. 50 %, 90 %, 99 %) based on sensor measurement errors

Note 1 [to entry: The confidence ellipse is described in terms of the lengths of the semi-major and, senpi-minor
axes aq well as the bearing of the semi-major axis.

3.1.6
uptimg
duratipn of fully functional operation of a lightning location system sensor, expressed as a
percemtage of the total observation time

3.1.7
stroke detection efficiency
flash fetection efficiency

percemtage of strokes or flashes detected as a percentage-of the total number of strokes or
flashep occurring in reality

3.1.8
medign location accuracy
value |of the distances between real strokej locations and the stroke locations given by the
lightnihg location system

3.2 |Abbreviated terms and symbols
CG cloud-to-ground

DE detection efficiency

GSP | ground strike point

IC intra-cloud andnter-cloud

LA location accuracy

LLS | lightning/location system

Ng ground-flash density

Ngg | ground strike-point density

4 General requirements

4.1 General

The performance characteristics of a lightning location system (LLS) determine the quality of
the lightning data available for calculating Ng [1]1. A value of Ng with an error of +20 % or
less is deemed to be adequate for lightning risk assessment. Data from any LLS that is able
to detect CG lightning and accurately determine the point of strike of CG strokes can be used
for the purpose of Ng computation. The following LLS performance characteristics are
required for computation of Ng with adequate accuracy.

1 Numbers in square brackets refer to the Bibliography.
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Flash detection efficiency (DE): The value of the annual average flash detection efficiency
of an LLS for CG lightning shall be at least 80 % in the region over which Ng has to be
computed. This DE is usually obtained within the interior of the network. The interior of the
network is defined as the region within the boundary defined by the outermost adjacent
sensors of the network.

Location accuracy (LA): The value of the median location accuracy of an LLS for CG
strokes shall be better than 500 m in the region over which Ng has to be computed. This
LA is usually obtained within the interior of the network.

Classification accuracy: In a network with a flash DE meeting the criteria set for Ng
calculation, erroneously low or high values of Ng will be identified when too many CG
strokes are misclassified as cloud pulses (or vice versa). This is especially true for single-
strpke CG flashes. A classification accuracy (CG flashes not misclassified as IC) of at
legst 85% is required.

These| performance characteristics of an LLS can be determined using a varijély of m¢thods
includ|ng network self-referencing (using statistical analysis of parameters such as stgndard
deviatjon of sensor timing error, semi-major axis length of the 50 % confidence ellipsg¢, and

the

number of reporting sensors, which may be known from the LLS manufacturer or available

from the LLS data) and comparison against ground-truth lightning data/ebtained using vjarious
technigues. These methods are discussed in Clause 5. A performance evaluation baged on

the

provided on request.

mpethods described in Clause 5 and all the relevant basics of the network have|to be

The flash DE, LA, and classification accuracy of an {LLS depend on a few fundamental
charagteristics of the network. LLS owners, operators,‘nd data-providers should consider the
following factors while designing and maintaining their networks to ensure that the lightning

data gre of adequate quality for Ng computation.

4.2

Sensor baseline distance: The distance .between adjacent sensors in an LLS so [called
sensor baseline distance is influenced by‘the area of desired coverage and the sengitivity
of individual sensors. Sensor baseline;distance is one of the factors that determine the DE
anfd LA of an LLS. The maximum sensor baseline distance of an LLS shall be sudh that
the DE and LA of the network meet the criteria for Ng calculation described above.

Sensor sensitivity: The sensitivity of sensors in an LLS primarily determines the abjflity of
the network to detect lightning events of different peak currents. The sensitivity of s¢nsors
in |an LLS shall be such that lightning events with peak currents in the range of 5/ kA to
30D kA are detected .and reported by the LLS. Sensor sensitivity is determined by vjarious
fagtors such as trigger threshold, electronic gain, sensor bandwidth, and background
elgctromagnetic noise.

Sensor uptimei-The uptime of different sensors in a network determines the DE and| LA of
the network.“The spatial and temporal variations of DE and LA are determined by the
logation.of.-'sensors that are up and contributing to the network. Hence it is impor{ant to
guprantee that LLS sensors are up and running with no interruption.

'Stroke~to=flash i
T groupmyg

Return strokes detected by lightning location systems shall be grouped into flashes for Ng
calculation. Multiple ground strike-points are included in the same flash. This grouping is done
based on a spatio-temporal window.

A subsequent stroke is grouped with the first return stroke to form a flash if the following
criteria are met:

a)
b)
c)

the stroke occurs less than or equal to 1 s after the first return stroke;
the location of the stroke is less than or equal to 10 km from the first return stroke;
the time interval for successive strokes is less than or equal to 500 ms.

The flash position is assumed to be the location of the first stroke.
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Strokes can also be grouped into ground strike points to obtain Ngg based on different
algorithms described in Annex B.

4.3 Minimum observation periods

A sufficiently long sampling period is required to ensure that short time scale variations in
lightning parameters due to a variety of meteorological oscillations are accounted for.
Additionally large scale climatological variations limit the validity of historic data. Some
lightning detection networks have been recording lightning data for several decades and
during this time there have been measurable changes to the climate.

not b
does not fulfil the performance requirements in some particular years which haveythen| to be
removied.

4.4 |[Observation area

The opservation area is an area over which lightning data of quality @s-described aboye are
availaple.

Differgnt networks and sensor technologies will have differeft Sensitivities with which they
detecf] lightning. Network coverage falls off outside the boundaries of a network. In gg¢neral,
lightning data within half the average sensor baseline distance (distance between adjacent
sensofs in the network) from the boundary of the network'should be of sufficient quality for Ng
calculgtion.

4.5 |Grid cell size

Ground flash density (Ng) values vary annually and regionally. Lightning data have([to be
evalugted as a raster map, i.e. a griddedarray of cells constrained by a geographic boupdary:
the arga of interest is divided into a regular grid (tessellation of the geographic area) aphd the
Ng calculation function is applied te)all the flashes occurring within the grid. The regulting
value |s then assumed to be the meaningful value within that area.

Grid sjze has to be chosen jn-such a way that the dimensions of each cell and the nuniber of
years [considered both camply with the minimum requirements obtained from Formula (1),
following Poisson distribution and the law of rare events, thus obtaining an uncertainty ¢f less
than 20 % at 90 % canfidence level [2].

NG x Tops % Agell 2 80 (1)

where

Ng is the ground flash density, in km-2 year-1;

Tops is the observation period, in years;

Age Is the area of each single cell, in km?2.

The data used in this analysis shall conform to the requirements of both 4.2 and 4.3. The

minimum permissible cell dimension, irrespective of ground flash density and observation
period, shall not be less than double the median location accuracy.

4.6 Edge effect correction

As defined in 4.5 the size of the smallest cell that can be considered should contain at least
80 flashes. In order to avoid edge effects for this cell the Ng value shall be obtained by
integrating over a finer sub-grid of 1 km x 1 km resolution.
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Validation of lightning location system performance characteristics

The performance characteristics of an LLS determine the quality of the lightning data
available. These performance characteristics include:

b)

c)

detection efficiency for IC and CG flashes and CG strokes;
location accuracy;

peak current estimation accuracy; and

lightning classification accuracy.

LLS.
Examples of such studies are found in [3], [4] and [5]. This method.fequires data collected
by|the network after it has been properly calibrated. It can provideta good estimate|of the
neftwork’s performance in a cost-effective, practical manner.

Rqcket-triggered lightning and tall object studies: This niethod uses data from rpocket-
triggered lightning experiments or lightning strikes to. tall objects (e.g. instrumented
toyers) as ground-truth to evaluate the performance(characteristics of an LLS |within
whose coverage area the triggered lightning facility~ér the tall object is located. The LA,
DH, peak current estimation accuracy, and lightnihg-Classification accuracy of an LUS can
bel measured using this method. Examples of<studies using rocket-triggered lightning or
tning to tall structures for LLS performancerevaluation include [6], [7], and [8]. [These

lightning. In addition, these methods are the only ways to directly validatel peak
cufrent estimation accuracy of an LLS.:However, they may be very expensive and mgay not
practical for all regions. There“are only a few triggered lightning facilities and
ingtrumented towers across the world. The results obtained from these methods are¢ valid
indicators of LLS performance “only for the region where the rocket-triggered lightning
fagility or instrumented tower,is located. Additionally, rocket-triggered lightning prpvides
data for return strokes similar to only subsequent strokes in natural lightning. No data for
firgt strokes in natural lighthing can be obtained using this technique. This is also often the
cape for lightning strikes to tall objects depending upon the height of the object| local
teqrain, storm typefand other factors. Since first strokes in natural lightning are expected
to|have, on averagé, peak fields and currents that are a factor of two larger than thqse for
supsequent strokes (e.g. [9]), CG flash and stroke DE estimated for an LLS using|these
methods may be somewhat of an underestimate.

ground-truth to evaluate the performance characteristics of an LLS within whose coyerage
argathe lightning discharges occur. The LA, DE, and lightning classification accurpcy of
an LLS can generally be estimated using this method. Examples of studies using video
cameras for LLS performance evaluation include [8] and [9]. In this method, data
collection can be time consuming and challenging because the exact locations of lightning
discharges to be captured on video cannot be predicted. Additional instrumentation such
as antennas measuring the electric field from lightning discharges is often required for this
technique.

Video camera studies: Lightning data obtained using video cameras can be u§{jd as
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d)

Inter-comparison among networks: The performance of one LLS that is being tested can
be compared against another LLS that may be used as reference, as long as the
reference LLS is extremely well calibrated and its performance has been characterized
independently. This method allows inferences to be made about the detection efficiency
and location accuracy of the test LLS relative to the reference LLS. If the reference
network provides VHF lightning mapping, inference about the test network’s IC detection
capability can be made, for example on plausibility of IC pulses or IC-CG discrimination.
Examples of such studies include [10]. One limitation of this technique is that the test and
reference networks have to overlap substantially and the results are only valid for the
overlapping region. Further, if the performance of the reference network is unknown or if
the reference network is not well calibrated, any inferences about the test network’s
performance are invalid.

While [one or a combination of the above techniques can be used to evaluate the perforllnance
charagteristics of an LLS, it is important to understand the strengths and weaknésses [of the

methojds used, in order to obtain reliable estimates of LLS performance charactéristics.
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Annex A
(informative)

Determination of lightning density for risk calculation

The lightning ground flash density Ng is the number of lightning flashes per square kilometre
per year. In many areas of the world this value can be derived from data provided by local
lightning location systems (LLSs) according to this document.

Historically Ng was determined from thunderstorm days or with the data of lightning flash
countgrs—Bescause—nowadays—more—ascurate—methods—to—determine—2 exist—the Hsqage of
thundérstorm days or data from lightning flash counters is no longer recommended.

In ardas without ground-based lightning location systems, the recommended, estimpte of
ground flash density [11] is:

Ng =0,25% Ny (A1)

N; beipg the total (CG + IC) density of optical recorded flashes per km2 per year, obftained
through the NASA website (https://lightning.nsstc.nasa.gov/data/data_I[s-otd-
climatplogy.html). Figure A.1 gives an overview of total densities N; all over the world.

SOURJE: https://dhkc:nsstc.nasa.gov/publ/lis/climatology/LIS-OTD/HRFC/browse/HRFC_COM_FR_V2.3.2(Q15.png
reproduced with the)permission from the authors.

Figure A.1 — High resolution full climatology (HRFC) N, data

NOTE In most areas of the world, an indication of lightning activity can be obtained from observations of lightning
optical transients. Satellite-based sensors respond to all types of lightning with relatively uniform coverage. With
sufficient averaging, optical transient density data provide better estimates of ground flash density than thunder
observations, which have a wide range of relations between ground flash density and thunderstorm hours or
thunderstorm days. There are also regional variations in the ratio of ground flashes (CG) to total flashes (CG + IC).

Often flashes exhibit multiple ground strike-points. Modern LLSs may provide Ngg directly
according to one of the methods described in Annex B. In case of availability of Ngg from
LLSs, using this data is recommended if the overall Ngg results were independently validated.


https://lightning.nsstc.nasa.gov/data/data_lis-otd-climatology.html
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Annex B
(informative)

Ground strike points (GSPs) explanations and calculation methods

About

half of negative cloud-to-ground lightning flashes exhibit several ground strike points.

This happens when a given dart leader partly follows the preceding return stroke channel,
ending by creating its own path to the ground. Every ground strike point represents a threat
and should be accounted for in the lightning risk calculation.

There

e C
pa
grq
grg

Thie

kn
o)
at

e Pé
me
ge
ell
thd

are different algorithms available to determine ground strike points for&LS datp with
advarJages and disadvantages:

mmins [12] employed discriminant analysis to create a “vote count’based on several
rameters, including location difference and other parameters that/can help identify new
und strike points, for example rise time. This method has the [potential to identify new
und strike points when the location uncertainty is larger than’'the separation disfance.
“vote” approach weakens the location difference analysis-when the locations ar¢ well-
bwn. This method is highly dependent on the quality ‘of the rise-time parameter but
me LLS technologies may not provide the rise time @nd peak-to-zero time inforation
all.

deboy [13], [14], [15] implemented a reliable clustering algorithm based on the k-neans
thod. This algorithm does not employ a complete statistical treatment of the error
bmetry embodied in the error ellipses (it is”just scaled by the size of the confidence
pse) and has no mechanism to distinguisi’between individual ground strike pointq when
location uncertainty is larger than the separation distance of the ground strike pojnts.

e Cqgmpos [16], [17] does a rigorous statistical job of evaluating the location uncertaipty by

us
the

po
the

After
detern

ng the geometry of the error ellipse in the full latitude/longitude space, while embfacing
strengths of the k-means approach developed by Pédeboy. This method has thel same
fential weakness as the approach from Pédeboy, in that it has no mechanism to “fefine”
classification when the-location uncertainty is larger than the separation distance]

hpplying one of these ‘algorithms to LLS data, the ground strike point density dan be
hined spatially acCarding to the same rules as the ground flash density.
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La Norme internationale IEC 62858 a été établie par le comité d'études 81 de

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DENSITE DE FOUDROIEMENT BASEE SUR DES SYSTEMES DE
LOCALISATION DE LA FOUDRE (LLS) - PRINCIPES GENERAUX

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I''EC). L'IE( a pour
objdqt de favoriser la coopération internationale pour toutes les questions de normalisation dans les~ddmaines

de |I'électricité et de I'électronique. A cet effet, I''EC - entre autres activités — publie~des

intefnationales, des Spécifications techniques, des Rapports techniques, des Spécifications_ accessi
public (PAS) et des Guides (ci-aprés dénommés «Publication(s) de I'lEC»). Leur élaboration ‘est confié
conlités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut particig

Normes
bles au
b a des
er. Les

orggnisations internationales, gouvernementales et non gouvernementales, en liaisonfavec I'lEC, palfticipent

également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale-de Normalisatio
seldgn des conditions fixées par accord entre les deux organisations.

Les|décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la
du possible, un accord international sur les sujets étudiés, étant donné que\les Comités nationaux (
intéfessés sont représentés dans chaque comité d'études.

Les|Publications de I'lEC se présentent sous la forme de recommapdations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin q

 (1SO),

mesure

e I'EC
gréées
e I'lEC

s'asisure de I'exactitude du contenu technique de ses publicationsy|'lEC ne peut pas étre tenue respongable de

I'événtuelle mauvaise utilisation ou interprétation qui en est faite-par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans
megure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications na
et rggionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nation
régipnales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de<eonformité. Des organismes de certification indép
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux mardg
conformité de I'lEC. L'IEC n'est responsable.dfaucun des services effectués par les organismes de cert
indgpendants.

TouE les utilisateurs doivent s'assurer qu'ils sont en possession de la derniere édition de cette publicatid

Aucline responsabilité ne doit étretimputée a I'lEC, a ses administrateurs, employés, auxilia
marjdataires, y compris ses expeits’ particuliers et les membres de ses comités d'études et des

natipnaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de to
donmmage de quelque nature dque ce soit, directe ou indirecte, ou pour supporter les colts (y compris |
de justice) et les dépenses.découlant de la publication ou de I'utilisation de cette Publication de I'lE(
toute autre Publication de KIEC, ou au crédit qui lui est accordé.

L'atfention est attirée'sur les références normatives citées dans cette publication. L'utilisation de publ
référencées est obligatoire pour une application correcte de la présente publication.

L'atjention est-atiifée sur le fait que certains des éléments de la présente Publication de I'lEC peuvdg

oute la
ionales
bles ou

endants
ues de
fication
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res ou
Comités
it autre
es frais
ou de

cations

nt faire

I'objlet de dreits/de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de Qrevets €t"de ne pas avoir signalé leur existence.

I'EC:

Protection contre la foudre.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2015. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

Introduction de deux annexes informatives, traitant de la détermination de la densité de
foudroiement pour le calcul du risque (Annexe A) et des méthodes de calcul concernant les
points d'impact au sol (Annexe B).
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Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
81/627A/FDIS 81/634/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilifé indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les_données
relatives au document recherché. A cette date, le document sera
e reg¢onduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de
cettd publication indique qu’'elle contient des couléurs qui sont considérées comme
utiles @ une bonne compréhension de son contenu. Les utilisateurs devraient| par
conséquent, imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

Les Normes internationales pour la protection contre la foudre (par exemple I'lEC 62305-2)
fournissent des méthodes pour I'évaluation des risques de foudre sur les immeubles et autres
structures.

La densité de foudroiement au sol Ng, définie comme le nombre moyen d'éclairs par kilométre
carré et par an et la densité de points d'impact au sol de la foudre Ngg, définie comme le
nombre moyen de points d'impact au sol par kilométre carré et par an, sont les paramétres
d'entrée principaux pour effectuer de telles évaluations (voir I'Annexe A).

Dans de nombreuses régions du monde, les données d'évaluation des risques sont fournies

par dg
définig

s systémes de localisation de la foudre (LLS), mais il n'existe aucune regle.co
sant les exigences de performances ou d'élaboration des données de mesurg:

mune
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DENSITE DE FOUDROIEMENT BASEE SUR DES SYSTEMES DE
LOCALISATION DE LA FOUDRE (LLS) - PRINCIPES GENERAUX

1 Domaine d'application

Le présent document décrit et étudie I'ensemble des mesures nécessaires pour rendre fiables
et homogeénes les valeurs de la densité de foudroiement au sol, Ng, et de la densité de points

d'imp
différ

2 R

Les dq
de le|
I'éditig
référe

IEC 61

IEC 6

3 Termes, définitions, termes abrégés et<symboles

3.1

Pour |
I''EC €

L'ISO
en nof
o |E
e |S
3.1.1

densi
Ng

nts pays. Seuls les parameétres essentiels a I'évaluation du risque sont pris en car

bférences normatives

cuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou
r contenu, des exigences du présent document. Pour les références datées,
n citée s'applique. Pour les références non datées, la derniére) édition du docum
hce s'applique (y compris les éventuels amendements).

P305-1, Protection contre la foudre — Partie 1: Principes généraux

P305-2, Protection contre la foudre — Partie 2: Evaluation des risques

Termes et définitions

s besoins du présent document, \les termes et définitions donnés dans I'lEC 6230
2305-2 ainsi que les suivants, s'appliquent.

et I'EC tiennent a jour desrbases de données terminologiques destinées a étre ut
malisation, consultables-aux adresses suivantes:

C Electropedia: disponible a I'adresse http://www.electropedia.org/

D Online browsing platform: disponible a I'adresse http://www.iso.org/obp

é de foudroiement au sol

nomb:Le moyen d'éclairs nuage-sol par unité de surface et par unité de

dans
npte.

partie
seule
ent de

5-1 et

lisées

temps

(éclai

3.1.2

¥ km-2 x sm'1)

densité des points d'impact au sol

Nsg

moyenne du nombre de points d'impact au sol par unité de surface et par unité de temps
(points d'impact de foudre x km2 x an-1)

3.1.3

capteur de foudre
dispositif qui mesure les signaux électromagnétiques produits par les décharges de foudre
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3.1.4

systéme de localisation de la foudre

LLS

réseau de capteurs de foudre fonctionnant ensemble pour détecter et géolocaliser les
phénoménes de foudre dans la zone couverte par le systéme

Note 1
system

3.1.5

a l'article: Le terme abrégé "LLS" est dérivé du terme anglais développé correspondant "lightning location

ellipse de confiance
ellipse centrée sur le point d'impact au sol estimé; décrit le degré de confiance de I'estimation

de loc@tisation (50 %, 90 %, 99 %, par exemple) en se fondant sur 1es erreurs de mes
capteyr
Note 1 g l'article: L'ellipse de confiance est décrite par rapport aux longueurs du demi-grand axe’et du de

axe, airlsi qu'a l'orientation du demi-grand axe.

3.1.6

tempg de disponibilité

durée

localigation de la foudre, exprimée en pourcentage du temps d'observation total

3.1.7
rende

pourc
de dé

3.1.8

précigion de localisation médiane
valeur| des distances entre les localisations de décharges réelles et les localisatio

décha

rendeEent de détection des décharges

de fonctionnement entiérement fonctionnel d'un capteur intégré a un systen

ent de détection des éclairs
ntage des décharges ou éclairs détectés par<{apport au pourcentage du nombr
harges ou d'éclairs qui se produisent réellement

Fges indiquées par le systéme dellocalisation de la foudre

ire du

mi-petit

he de

b total

ns de

3.2 |Termes abrégés et symboles

CG (cloud-to-ground) éclair nuage-sol

DE (detection efficiency) rendement de détection

GSP (ground strike paint) point d'impact au sol

IC (intra-cloud/interscloud) nuage-nuage

LA (logation accuracy) précision de localisation

LLS (llghtning:slocation system) systéme de localisation de la foudre

Ng (grlound-flash density) densité de foudroiement

Ngg (groumdstrike=pointdersity) densité des pointsd'impactde foudre ausot
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4 Exigences générales

4.1 Généralités

Les caractéristiques de performance d'un systéme de localisation de |Ia
foudre (LLS) déterminent la qualité des données relatives a la foudre qui sont disponibles
pour le calcul de Ng [1]1. Une valeur de Ng avec une tolérance de #20 % ou moins est jugée
adéquate pour une évaluation du risque de foudre. Les données de tout LLS capable de
détecter les éclairs nuage-sol (CG) et de déterminer avec précision le point d'impact des
décharges nuage-sol peuvent étre utilisées pour calculer la valeur de Ng. Les caractéristiques
de performance suivantes du LLS sont exigées pour un calcul de N, avec une précision

e Rgndement de détection des éclairs (DE): la valeur du rendement de détection{des ¢clairs
mqyen annuel d'un LLS pour les éclairs CG doit étre d'au moins 80 % dans“a régiop pour
laquelle Ng doit étre calculée. Ce DE est généralement obtenu & l'intérieur du re¢seau.
L'iptérieur du réseau est défini comme la zone située dans les limites” établies par les
capteurs adjacents les plus éloignés du réseau.

e Prgcision de localisation (LA): la précision de localisation médiane, d'un LLS de décharges
CG doit étre supérieure a 500 m dans la région pour laguelte Ng doit étre calculée.
Cette LA est généralement obtenue a I'intérieur du réseau.

e Prgcision de classification: dans un réseau avec un DE  des éclairs qui respedte les
criferes définis pour le calcul de Ng, des valeurs erronges (trop faibles ou trop élevéps) de
Nd sont identifiées lorsqu'un trop grand nombre de“décharges CG sont identifiégs par
erffeur comme des impulsions nuage-nuage (oW inversement). Cela est en parficulier
véfifié pour les éclairs CG a décharge uniquexUne précision de classification (alsence
d'drreurs d'identification d'éclairs nuage-sol ‘en tant qu'éclairs nuage-nuage) d'au |moins
85|% est exigée.

Ces qaractéristiques de performance d'un LLS peuvent étre déterminées par difféfentes
méthodes, notamment ['autoréférence~"du réseau (qui utilise I'analyse statistiqye de
parametres tels que |'écart-type deserreurs temporelles du capteur, la longueur du|demi-
grand|axe de I'ellipse de confiance de 50 % et le nombre de capteurs de rapport, qui pguvent
étre optenus auprés du fabricant.du LLS ou des données du LLS) et la comparaison aviec les
données de terrain relatives (@ jla foudre obtenues par différentes techniques. Ces méthodes
sont ¢xaminées a I'Article’5. Une évaluation des performances fondée sur les méthodes
décriteés a I'Article 5 et tous les paramétres de base pertinents du réseau doivent étre fournis
sur dgmande.

Le DH des éclairsy la LA et la précision de classification d'un LLS dépendent de queélques
caractéristiqués)fondamentales du réseau. Il convient que les propriétaires, les opératdqurs et
les fournisseurs de données du LLS tiennent compte des facteurs suivants lors [de la
conception_et de la maintenance des réseaux, afin de garantir que la qualité des données
relatives. @ la foudre est suffisante pour le calcul de Ng.

— Distance de base entre capteurs: la distance entre deux capteurs adjacents dans un LLS,
appelée distance de base entre capteurs, dépend de la zone de couverture souhaitée et
de la sensibilité de chaque capteur. La distance de base entre capteurs est I'un des
facteurs qui déterminent le DE et la LA d'un LLS. La distance maximale de base entre les
capteurs d'un LLS doit étre telle que le DE et la LA du réseau satisfassent aux critéres de
calcul de Ng décrits ci-dessus.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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