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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS (LLS) -
GENERAL PRINCIPLES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0f TE is to promote
international co-operation on all questions concerning standardization in the electricall and elegtronic fields. To
this end and in addition to other activities, IEC publishes International Standard echnical ‘Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe eferred Yo as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any I1E a i i
in the subject dealt with may participate in this preparatory work.

2) The formal decisions or agreements of IEC on technical matters expre € posgible, an international
consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations fornt btig and aré accepted by IEC National
Publications is accurate, IEC cannot be
misinterpretation by any end user.

undertake to apply IEC Publications
and regional publications. Any divergence

9) 5sibility that some of the elements of this IEC Publication may be the subject of

patent rights. held responsible for identifying any or all such patent rights.

International Stane
Lightning protection.

The text of this standard is based on the following documents:

FDIS Report on voting
81/470/FDIS 81/494/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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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 lightning flashes to
ground per square kilometer per year is the primary input parameter to perform such an
evaluation.

In many areas of the world Ng is derived from data provided by lightning location systems

(LLS), but no common rule exists defining requirements either for their performance or for the
elaboration of the measured data.

@%
S
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LIGHTNING DENSITY BASED ON LIGHTNING LOCATION SYSTEMS (LLS) -
GENERAL PRINCIPLES

1 Scope

This International Standard introduces and discusses all necessary measures to make
reliable and homogeneous the values of Ng obtained from LLS in various countries. Only
parameters that are relevant to risk assessment are considered.

2 Normative references

ent and
ies. For
undated references, the Ilatest edition of the referenced nCluding  any
amendments) applies.

3.1 Terms and definitig

For the purposes of
IEC 62305-2, as well

and definitions given in IEC 62305-1 and

3.11

cloud-to-ground lig

CG

discharge that.is & 3 r more cloud-to-ground lightning strokes that propagate
from cloud tg orsa and lead to a net transfer of charge between cloud and
ground

Note 1 to entrys te applies to the French language only.

3.1.2
cloud lightning

IC

discharge occurring within or among thunderclouds (intracloud), or between thunderclouds
(intercloud), or between cloud and air, without a ground termination

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

3.1.3
first return stroke
first stroke to ground of a cloud-to-ground lightning discharge

Note 1 to entry: The stepped leader and attachment process precede the first return stroke.

3.1.4
subsequent stroke
subsequent stroke to ground that follows a previous (return) stroke in the same flash
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Note 1 to entry: A subsequent stroke is preceded by a dart leader and may or may not have the same ground
strike-point as any previous (return) stroke in the same flash.

3.1.5
multiplicity
number of first and subsequent strokes in a cloud-to-ground lightning flash

3.1.6

ground flash density

Ng

mean number of cloud-to-ground flashes per unit area per unit time (flashes x km™2x year_1)

3.1.7
ground strike-point density

Nsg

(strike-points x km=2 x year—1)

3.1.8
lightning sensor

device that measures electromagnetic signals produced

3.1.9

lightning location system

LLS

network of lightning sensors that work togeth ect and geolocate lightning events within

Note 1 to entry: This note appljigs\to the F

3.1.10
confidence ellipse

ellipse centred op™the
the location estin

Note 1 to entry: € e ellipse is dyscribed in terms of the lengths of the semi-major and semi-minor
e Semi-majorAaxis.

3.1.11

uptime
duration™af fu fu jonal operation of a lightning location system sensor, expressed as a
percentage of the\tote

3.1.12
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

3.1.13

median location accuracy

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

3.2 Abbreviations

CG cloud-to-ground lightning

DE flash detection efficiency
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IC cloud lightning

LA location accuracy

LLS lightning location system
Ng ground flash density

Nsg ground strike-point density

4 General requirements

4.1 General

Flash detection efficiency (DE):
efficiency of an LLS for CG lightni
has to be computed. This DE is
interior of the network is defined

calculation, i
may lead to
CG flashes. A cla
is required.

tics of LLS can be determined using a variety of methods
including. network self-referencing (using statistical analysis of parameters such as standard
deviation of\sensor timing error, semi-major axis length of the 50 % confidence ellipse, and
the number of teporting sensors, which may be known from the LLS manufacturer or available
from the LLS data)amnd comparison against ground-truth lightning data obtained using various
techniques. These methods are discussed in Clause 5.

The flash DE, LA, and classification accuracy of 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 are of adequate quality for Ng computation.

e Sensor baseline distance: the distance between adjacent sensors in an LLS or 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
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.

1 Numbers in square brackets refer to the Bibliography
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e 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.

e 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
guarantee that LLS sensors are up and running with no interruption.

4.2 Stroke-to-flash grouping

4.3 Minimum obsenr\a

A sufficiently long™sa
lightning param
Additionally, large” s
lightning detectiop

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 [11].

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.
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