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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PROTECTION  AGAINST LIGHTNING  –  
THUNDERSTORM WARNING  SYSTEMS 

 
FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn i cal  Commiss i on  ( I EC)  i s  a  worl dwi de  organ izati on  for  s tandard i zati on  compri s i ng  
al l  nati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  promote  
i n ternati onal  co-operati on  on  al l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  o ther  acti vi t i es ,  I EC  publ i shes  I n ternat i onal  Standards ,  Techn i cal  Speci fi cati ons,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Publ i cati on (s) ”) .  The i r  preparati on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subject  deal t  wi th  may part i ci pate  i n  th i s  preparatory  work.  I n ternati onal ,  g overnmen tal  and  non -
governmen tal  organ i zat i ons  l i ai s i ng  wi th  the  I EC  al so  parti c i pate  i n  th i s  preparati on .  I EC  co l l aborates  cl ose l y  
wi th  the  I n ternat i onal  Organ i zati on  fo r Standard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons .  

2 )  The  formal  deci s i ons  or  ag reemen ts  of  I EC  on  techn i cal  matters  express,  as  nearl y  as  poss ibl e,  an  i n ternati onal  
consensus  o f  opi n i on  on  the  re l evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  represen tati on  from  al l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Publ i cati ons  have  the  form  of  recommendati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nat i onal  
Comm i ttees  i n  that  sense.  Wh i l e  al l  reasonable  e fforts  are  made  to  ensu re  that  the  techn i cal  con ten t  o f  I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot  be  hel d  respons i bl e  fo r  the  way i n  wh i ch  they are  used  o r  for  any 
m i s i n terpretati on  by  any end  u ser.  

4)  I n  order  to  promote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  appl y  I EC  Publ i cati ons  
transparen tl y  to  the  maximum  exten t  possi bl e  i n  thei r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  cl earl y  i nd i cated  i n  
the  l atter.  

5)  I EC  i tse l f  does  no t  provi de  any attestat i on  o f  con form i ty.  I ndependen t  cert i f i cati on  bod ies  provi de  con form i ty  
assessmen t  servi ces  and ,  i n  some  areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  no t  responsi bl e  for  any 
servi ces  carri ed  ou t  by i ndependen t  certi f i cati on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  o f  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  employees,  servan ts  or  agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  o f  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Commi ttees  for  any personal  i n j u ry,  property  damage  or  
o ther damage  o f  any natu re  whatsoever,  whether d i rect  or  i nd i rect,  o r  fo r  costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  u se  o f,  o r  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any o ther I EC  
Publ i cati ons .   

8 )  Atten t i on  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cati on .  Use  o f  the  re ferenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  o f  th i s  publ i cati on .  

9 )  Atten t i on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l emen ts  of  th i s  I EC  Publ i cati on  may be  the  subj ect  o f  
paten t  r i gh ts .  I EC  shal l  n ot  be  he l d  responsi bl e  for  i den ti fyi ng  any o r  al l  such  paten t  ri g h ts .  

I n ternational  Standard  IEC  62793  has  been  prepared  by IEC  techn ical  commi ttee  81 :  
Li gh tn ing  protecti on .  

The  text  of  th i s  s tandard  i s  based  on  the  fo l l owing  documents:  

FDIS  Report  on  vo ti ng  

81 /508/FDIS  81 /51 9/RVD  

 
Fu l l  i n formation  on  the  voti ng  for  the  approval  o f  th i s  s tandard  can  be  found  i n  the  report  on  
voting  i nd icated  i n  the  above  table.  

Th is  publ i cation  has  been  drafted  i n  accordance  wi th  the  ISO/IEC  Di recti ves,  Part  2 .  
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The  commi ttee  has  decided  that  the  con ten ts  of  th i s  publ i cation  wi l l  remain  unchanged  un ti l  
the  stabi l i ty  date  i nd icated  on  the  IEC  websi te  under "h ttp: //webstore. iec. ch "  i n  the  data 
re lated  to  the  speci fi c  publ i cation .  At  th i s  date,  the  publ icati on  wi l l  be   

•  recon fi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i t i on ,  or  

•  amended .  

A bi l i ngual  version  of  th i s  publ i cation  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page of  th is  publ ication  ind icates  
that  i t  contains  colours  which  are  considered  to  be usefu l  for  the  correct  
understanding  of  i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour  printer.  

 



I EC  62793:201 6  © IEC  201 6  – 7  – 

INTRODUCTION  

Natural  atmospheric  e lectric  acti vi ty  and ,  i n  parti cu lar,  cloud-to-g round  l i gh tn ing  poses  a  
serious  th reat  to  l i ving  beings  and  property.  Every year severe  i n ju ries  and  even  deaths  of  
humans  are  caused  as  a resu l t  o f  d i rect  or  i nd i rect  l i gh tn ing  stri kes.  

Li gh tn ing :  

•  may affect  sport,  cu l tu ral  and  pol i t i cal  even ts  attracting  l arge  concen trations  of  people;  
even ts  may have  to  be  suspended  and  people  evacuated  i n  the  case  of  a  ri sk of  
thunderstorm;  

•  may affect  i ndustrial  acti vi t ies  by creating  power ou tages  and  unplanned  i n terruptions  of  
production  processes;  

•  may i n terrupt  al l  ki nds  of  traffi c  (people,  energy,  i n formation ,  etc. ) ;  

•  has  led  to  a  s teady i ncrease  i n  the  number of  acciden ts  per year due  to  the  wider use  of  
e lectri c  componen ts  that  are  sensi ti ve  to  the  effects  of  l i gh tn ing  ( i n  i ndustry,  transportation  
and  commun ication ) ;  

•  may be  a  hazard  for  acti vi t i es  wi th  an  envi ronmental  ri sk,  for  example  hand l i ng  of  sensi ti ve,  
i n flammable,  explosive  or  chemical  products;  

•  may be  a  cause  of  f i re .  

During  the  l ast  decades,  techn ical  systems  i nclud ing  systems  devoted  to  real - t ime  mon i toring  
of  natural  atmospheric  e lectri c  activi ty  and  l i gh tn i ng ,  have  experienced  an  extraord inary 
development.  These  systems  can  provide  h igh  qual i ty  and  valuable  i n formation  i n  real - time  of  
the  thunderstorm  occurrence,  making  i t  possible  to  ach ieve  i n formation  wh ich  can  be  
extremely valuable  i f  coord inated  wi th  a  detai led  plan  of  action .  

Al though  th i s  i n formation  al lows  the  user to  adopt  an ticipated  temporary preven ti ve  measures,  
i t  shou ld  be  noted  that  al l  the  measures  to  be  taken  based  on  mon i toring  i n formation  are  the  
responsibi l i ty  o f  the  system  user accord ing  to  the  re levan t  regu lations.  The  effecti veness  wi l l  
depend  l argely  on  the  ri sk i nvolved  and  the  planned  decis ions  to  be  taken .  Th is  I n ternational  
Standard  g i ves  an  i n formati ve  l i s t  o f  possible  actions.  

Li gh tn ing  and  thunderstorms,  as  wi th  many natu ral  phenomena,  are  subject  to  stati sti cal  
uncertain ty.  I t  i s  not  possible  therefore  to  ach ieve  precise  i n formation  on  when  and  where  
l i gh tn ing  wi l l  s trike.  

Other l i gh tn ing  protection  standards  do  not  cover the  use  of  thunderstorm  warn ing  systems.  
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PROTECTION  AGAINST LIGHTNING  –  
THUNDERSTORM WARNING  SYSTEMS 

 
 
 

1  Scope 

Th is  I n ternational  Standard  describes  the  characteristi cs  of  thunderstorm  warn ing  systems  
and  evaluation  of  the  usefu lness  of  l i gh tn ing  real  t ime  data and/or storm  e lectri fi cation  data i n  
order to  implement l i gh tn ing  hazard  preven ti ve  measures.  

Th is  standard  provides  the  basic  requ i rements  for sensors  and  networks  co l l ecting  accurate  
data of  the  re levan t  parameters,  g i ving  real - time  i n formation  of  l i gh tn ing  tracks  and  range.  I t  
describes  the  appl ication  of  the  data col lected  by these  sensors  and  networks  i n  the  form  of  
warn ings  and  h istorical  data.  

Th is  standard  appl ies  to  the  use  of  i n formation  from  thunderstorm  warn ing  systems  (systems  
or  equ ipment  provid i ng  real - t ime  i n formation )  on  atmospheric  e lectric  acti vi ty  i n  order to  
mon i tor  preven ti ve  measures.  

Th is  standard  i ncludes:  

•  a  general  description  of  avai lable  l i gh tn ing  and  storm  electri f i cation  hazard  warn ing  
systems;  

•  a  classi fi cation  of  thunderstorm  detecti on  devices  and  properties;  

•  g u i del i nes  for  alarm ing  methods;  

•  a  procedure  to  determ ine  the  usefu lness  of  thunderstorm  i n formation ;  

•  some  i n formati ve  examples  of  possible  preven ti ve  actions.  

The  fo l l owing  aspects  are  ou ts ide  the  scope  of  th is  s tandard:  

a)  l i gh tn ing  protection  systems;  such  systems  are  covered  by the  I EC  62305  series;  

b)  o ther  thunderstorm  related  phenomena such  as  rai n ,  hai l ,  wind;  

c)  satel l i te  and  radar thunderstorm  detection  techn iques.  

A non-exhaustive  l i s t  o f  s i tuations  to  wh ich  th i s  s tandard  cou ld  be  appl i cable  i s  g i ven  below:  

•  people  i n  open  areas  i nvolved  i n  acti vi ti es  such  as  main tenance,  labour,  sports,  
competi tions,  ag ricu l tu re  and  f i sheries  or  s i tuations  where  large  crowds  gather;  

•  wind  farms,  l arge  solar power systems,  power l i nes;  

•  occupational  heal th  and  safety  preven tion ;  

•  sensi ti ve  equ ipment such  as  computer systems,  emergency systems,  alarms  and  safety 
equ ipment;  

•  operational  and  i ndustrial  processes;  

•  s torage,  processing  and  transportation  of  hazardous  substances  (e. g .  f lammable,  
rad ioacti ve,  toxic  and  explosive  substances) ;  

•  determ ined  envi ronments  or  acti vi t i es  wi th  special  danger of  e lectrostatic  d ischarges  (e . g .  
space  and  f l i gh t  veh icle  operations) ;  

•  operati ons  i n  wh ich  the  con ti nu i ty  of  the  basic  services  i s  very importan t  (e . g .  
te lecommun ications,  the  generation ,  transport  and  d istribu ti on  of  energy,  san i tary services  
and  emergency services) ;  

•  i n frastructures:  ports,  ai rports,  rai l roads,  motorways  and  cableways;  
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•  c i vi l  defense  of  the  envi ronment:  forest  f i res,  land  s l i de  and  fl oods;  

•  wide  networks  (e . g .  power l i nes,  te lecommun ication  l i nes)  may also  benefi t  from  having  
early  detection  of  thunderstorms.  

2  Normative references 

The  fo l l owing  documents,  i n  whole  or  i n  part,  are  normati vely referenced  i n  th is  document  and  
are  i nd ispensable  for  i ts  appl i cation .  For  dated  references,  on ly  the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  l atest  ed i t ion  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.  

I EC  62305  (al l  parts) ,  Protection against lightning 

3  Terms,  defin i tions  and  abbreviations 

3.1  Terms and  defin i tions 

For the  pu rposes  of  th is  document,  the  fo l l owing  terms  and  defin i t i ons  apply.  

3.1 .1   
alarm  
i n formation  i nd icating  that  the  target  or the  su rround ing  area i s  l i ke ly  to  be  affected  by 
thunderstorms  and  the  accompanying  l i gh tn ing  related  events  

3.1 .2   
cloud-to-ground  l ightn ing  
CG  
electric  d i scharge  of  atmospheric  orig in  that  i s  comprised  of  one  or  more  cloud- to-g round  
l i gh tn ing  strokes  that  propagate  from  cloud  to  g round  or  vice  versa and  l ead  to  a  net  transfer 
of  charge  between  cloud  and  g round  

3.1 .3   
coverage area 
CA 
area where  a  g i ven  warn ing  equ ipment  has  a  su ffi ci en t  detection  effi ciency and/or accu racy to  
g i ve  a  warn ing  

3.1 .4   
detection  efficiency 
DE 
percen tage  of  cloud- to-g round  d i scharges  ( flashes  or  s trokes)  that  are  detected  and  l ocated  
by a  sensor or a  network 

Note  1  to  en try:  As  c loud - to-g round  f l ashes  are  o ften  composed  of  several  s trokes,  there  i s  a  d i f ference  between  
f l ash  detecti on  e ff i ci ency and  s troke  detecti on  e ff i ci ency.  A  f l ash  i s  reported  (detected )  i f  at  l east  one  s troke  ( f i rst  
or  subsequen t)  i s  detected  and  therefore  f l ash  detect i on  eff i c i ency i s  always  equal  o r  h i gher than  s troke  detecti on  
e ff i ci ency.  

3.1 .5   
dwel l  t ime 
DT 
t ime  that  an  alarm  i s  sustained  after al l  warn ing  cri teria  are  no  longer met  

3.1 .6   
effective  alarm  
EA 
alarm  where  a  l i gh tn ing  re lated  event  occurs  i n  the  su rround ing  area du ri ng  the  total  alarm  
duration  
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3.1 .7   
t ime to  clear 
TTC 
t ime  between  the  occurrence  of  the  l ast  l i gh tn ing  re lated  even t  i n  the  mon i tori ng  area and  the  
t ime  when  the  alarm  i s  re leased  

3.1 .8   
fai lure  to  warn  
FTW 
occurrence  of  a  l i gh tn ing  re lated  even t  i n  the  su rround ing  area for  wh ich  no  alarm  occurred  

3.1 .9   
fai lure  to  warn  ratio  
FTWR 
ratio  of  fai lu re  to  warn  wi th  respect  to  the  total  number of  s i tuations  wi th  l i gh tn ing  re lated  
events  affecti ng  the  su rround ing  area 

3.1 . 1 0   
false  alarm  
FA 
alarm  not  fo l l owed  by l i gh tn i ng -related  even ts  wi th in  the  su rround ing  area 

3.1 . 1 1   
false  alarm  ratio  
false alarm  rate  
FAR 
rati o  of  fal se  alarms  to  the  total  number of  alarms  

3.1 .1 2   
field  strength  meter 
FSM 
device  for  con tinuous  mon i toring  of  the  atmospheric  e lectrostatic  fi e ld  associated  wi th  
thunderstorms  

EXAMPLE:  Fi e l d  m i l l .  

3.1 .1 3   
cloud  l ightn ing  
IC  
d ischarge  occurri ng  wi th in  or among  thunderclouds  or  between  thunderclouds  and  ai r  and  
wh ich  does  not  have  a  g round  termination  

3.1 .1 4   
l ead  t ime 
LT 
t ime  between  the  start  of  an  alarm  and  the  effecti ve  occurrence  of  the  f i rst  l i gh tn i ng  re lated  
even t  i n  the  target  area 

3.1 .1 5   
l i ghtning  flash  
electri c  d ischarge  of  atmospheric  orig in  consisti ng  of  one  or  more  strokes  

Note  1  to  en try:  Th i s  d i scharge  may occu r wi th i n  or  between  c l ouds ,  between  the  cl ouds  and  ai r  and  between  a  
c l oud  and  the  g round .  

3.1 .1 6   
l i ghtning  related  event  
LRE 
CG  l i gh tn ing  f lash  to  or  near the  structu re  to  be  protected ,  or to  or near a  l i ne  connected  to  
the  structu re  to  be  protected  
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3.1 .1 7  
l i ghtning  stroke 
sing le  e lectric  d ischarge  i n  a  l i gh tn ing  fl ash  to  earth  

3.1 .1 8   
med ian  location  accuracy 
LA 
median  value  of  the  d i stances  between  real  s troke  l ocations  and  the  stroke  locations  g i ven  by 
the  l i gh tn ing  l ocation  system  

3.1 .1 9   
moni toring  area 
MA 
geograph ic  area where  the  l i gh tn ing  acti vi ty  i s  mon i tored  i n  order to  provide  a val i d  warn ing  
for  the  target  area 

3.1 .20   
physical  damage 
damage  to  a  structure  (or  to  i ts  conten ts)  due  to  mechan ical ,  thermal ,  chemical  or  explosive  
effects  of  l i gh tn i ng  

3.1 .21   
preventive  actions 
actions  of  a  temporary natu re,  taken  on  the  basis  of  the  preven ti ve  i n formation  and  framed  
wi th in  the  emergency plans  of  each  organ izati on  wh ich  covers  al l  that  i s  requ i red  

3.1 .22   
point  of  strike 
poin t  where  a  l i gh tn ing  f lash  strikes  the  earth  or  protrud ing  objects  (e . g .  s tructure,  l i gh tn ing  
protection  system,  l i ne,  tree)  

Note  1  to  en try:  A  l i gh tn i ng  f l ash  may have  more  than  one  po i n t  o f  s tri ke.  

3.1 .23   
surrounding  area 
SA 
geograph ic  area i n  wh ich  a  l i gh tn ing  related  even t  (LRE)  causes  a  poten tial  danger and  wh ich  
su rrounds  and  i ncludes  the  target  area (TA)  

Note  1  to  en try:  Any l i g h tn i ng  re l ated  even t  occu rri ng  i n  the  su rround i ng  area i s  poten ti al l y  dangerous.  Th i s  area 
i s  u sed  when  eval uati ng  a  th understorm  warn i ng  system  to  determ i ne  the  fal se  al arm  rati o  and  o ther performance  
parameters .  

3.1 .24  
target  area 
TA 
geograph ic  area where  a  warn ing  i s  needed  i n  order  to  faci l i tate  deci s ion-making  and  to  
acti vate  preven ti ve  actions  before  a  l i gh tn i ng  related  even t  occu rs  i n  that  area 

3.1 .25   
thunderstorm  
l ocal  s torm  produced  by atmospheric  acti vi ty  and  accompan ied  by l i gh tn ing  and  thunder 

3.1 .26   
thunderstorm  detector 
equ ipment  capable  of  evaluating  one  or  more  parameters  associated  wi th  the  e lectrical  
characteri stics  of  the  thunderstorm  

Note  1  to  en try:  Thunderstorm  detectors  may cons i s t  o f  a  s i n g l e  detector  or  o f  a  n etwork o f  connected  detectors.  
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3.1 .27  
thunderstorm  warn ing  system 
TWS 
system  composed  of  thunderstorm  detectors  able  to  mon i tor  the  thunderstorm  acti vi ty  i n  the  
mon i toring  area and  means  of  processing  the  acqu i red  data to  provide  a val i d  alarm  (warn ing )  
re lated  to  the  l i gh tn i ng  re lated  even ts  for  a  defined  target  area 

Note  1  to  en try:  Some  coun tri es  refer  to  TWS  as  ‘ l i g h tn i ng  warn i ng  systems’ .  

3.1 .28  
total  alarm  duration  
TAD 
t ime  between  tri ggering  and  the  end  of  an  alarm  

3.1 .29   
percentage of  alarms del ivered  
PODx  
percentage  of  alarms  del i vered  wi th  a  l ead  t ime  of  more  than  or  equal  to  x  m inu tes  

EXAMPLE:  POD
1 0
i s  the  percen tage  o f  al arms  de l i vered  wi th  a  l ead  t ime  o f  more  than  or  equal  to  1 0  m i n .  

3.2  Abbreviations 

CA Coverage  area 

CG  Cloud  to  g round  

DC D i rect  cu rren t  

DE  Detecti on  effi ci ency 

DT Dwel l  t ime  

EA Effecti ve  alarm  

EMC E lectromagnetic  compatibi l i ty  

EMI  E lectromagnetic  i n terference  

FA False  alarm  

FAR False  alarm  rati o  

FSM  Field  streng th  meter 

FTW Fai l u re  to  warn  

FTWR Fai l u re  to  warn  ratio  

HV H igh  vol tage  

IC  I n tercloud ,  i n tracloud  or  cloud  to  ai r  d i scharges  

I P  I ndex of  protection  

LA Location  accuracy 

LF Low frequencies  

LLS Ligh tn ing  l ocation  system  

LPS Ligh tn ing  protecti ve  system  

LT Lead  t ime  

LRE  Ligh tn ing  re lated  even t  

MA Mon i toring  area 

MCS Mesoscale  convecti ve  systems 

MDF Magnetic  duration  fi nder 

OI  Optical  imag ing  

PODx  Percen tage  of  alarms  del i vered  
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RFI  Radio  frequency i n terferometry 

RFM  RF s ignal  s treng th  measurement 

RF Radio  frequency 

SA Surround ing  area 

TA Target  area 

TAD  Total  alarm  duration  

TOA Time  of  arri val  

TTC Time  to  clear 

TWS Thunderstorm  warn ing  system  

UV U l travio let  

VHF Very h i gh  frequencies  

VLF Very low frequencies  

4 Thunderstorm  phases and  detectable phenomena for alarming  

4.1  In troductory remark 

Four d i stinct  s tages  can  be  i den ti fi ed  during  the  thunderstorm  l i fe  t ime  cycle  regard ing  
detectable  phenomena:  

1 )  i n i ti al  phase;  

2)  g rowth  phase;  

3)  matu re  phase;  

4)  d i ss ipation  phase.  

4.2  Phase 1  – In i tial  phase (cumulus  stage)  

Th is  i s  the  phase  of  cloud  e lectri fi cation  by means  of  e lectric  charge  separation  wi th in  the  
cloud .  The  charges  are  d i stribu ted  i n  reg ions  wi th in  the  cloud  and  produce  a  measurable  
e lectrostatic  f i e l d  at  g round  l evel .  I t  i s  considered  the  f i rst  detectable  phenomenon  before  a 
thunderstorm.  

NOTE  E l ectrostati c  f i e l ds  can  produce  poten ti al  dangers  such  as  e l ectrostat i c  d i scharges  even  i n  the  case  o f  no  
l i g h tn i ng  acti vi ty.  

4.3  Phase 2  – Growth  phase 

Th is  phase,  sometimes  also  cal led  the  development  phase,  i s  characterized  by the  
occurrence  of  the  f i rst  l i gh tn ing  d i scharge  ( IC  or  CG) .  The  fi rst  i n tra-cloud  ( IC)  fl ashes  appear 
after a  certain  development of  the  charge  reg ions  i n  the  cloud .  However,  i n  some s i tuations  
there  i s  no  clear t ime  delay between  the  fi rst  IC  flash  and  the  f i rst  CG  flash .  

NOTE  IC  f l ashes  typ i cal l y  represen t  the  majori ty  o f  the  to tal  l i g h tn i ng  act i vi ty  generated  by  a  thunderstorm .  
S i gn i fi can t  vari at i on  i n  the  I C/CG  rate  i s  observed  for  i nd i vi dual  s torms.  

4.4  Phase 3  – Mature  phase 

Th is  stage  i s  characteri zed  by the  presence  of  both  CG  and  IC  f lashes.  

4.5  Phase 4  – Dissipation  phase 

Th is  phase  i s  characterized  by the  decaying  of  both  IC  and  CG  flash  rates  and  the  reduction  
of  the  e lectrostati c  f i e ld  to  the  fai r  weather l evel .  
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5  Classi fication  of  thunderstorm  detection  devices and  thei r properties  

Portable  devices  (a  device  where  the  sensor i s  not  fi xed)  are  ou ts ide  the  scope  of  th is  
s tandard  (cal ibrati on  and  testing  for these  devices  may not  be  su ffi cien t  to  provide  effi cien t  
warn ing ) .  

Thunderstorm  detectors  are  classi fied  i n  accordance  wi th  the  detectable  thunderstorm  phases  
depend ing  on  the  detectable  phenomena.  However,  a  thunderstorm  detector can  detect  one  
or  several  phenomena.  

There  are  several  ways  to  l ook at  the  means  to  detect  thunderstorms  i n  general ,  and  l i gh tn ing  
stri kes  i n  particu lar.  One  way i s  to  l ook at  the  phase  of  the  thunderstorm  for  wh ich  a  detector 
i s  designed  to  operate.  Another way i s  to  compare  the  frequency range  of  the  e lectromagnetic  
rad iation  emi tted  by a  l i gh tn ing  strike  wi th  the  frequency range  detectable  by a  sensor.  A th i rd  
way i s  to  l ook at  techn iques  that  a  sensor uses  to  detect  a  l i gh tn ing  stri ke  and  to  calcu late  i ts  
posi tion .  

For the  classi fi cation  of  thunderstorm  or  l i gh tn ing  strike  detectors  the  fo l lowing  classes  are  
defined :  

•  c lass  A:  detect  a  thunderstorm  over i ts  en ti re  l i fecycle  (phases  1  th rough  4) ;  

•  c lass  B:  detect  IC  and  CG  flashes  (phases  2  th rough  4) ;  

•  c lass  C:  detect  CG  flashes  on ly  (phases  3  and  4) ;  

•  c lass  D :  detect  CG  flashes  (phase  3)  and  other e lectromagnetic  sources  wi th  very l im i ted  
effi ciency.  

The  classes  are  explained  i n  more  detai l  i n  Annex B.  The  classes  are  not  re lated  to  the  
effi ciency of  the  system.  

The  frequency ranges  that  are  used  i n  l i gh tn i ng  detecti on  are  as  fo l l ows:  

•  DC:  s tatic  and  quasi  s tatic  e lectric  f i e lds;  

•  VLF:  very l ow frequencies  (3  kHz  to  30  kHz) ;  

•  LF:  l ow frequencies  (30  kHz  to  300  kHz) ;  

•  VHF:  very h i gh  frequencies  (30  MHz  to  300  MHz) .  

Al l  these  phenomena to  be  measured  resu l t  i n  d i fferen t  sensor and  l ocation  techn iques.  
Those  techn iques  may be  d istingu ished  as  fo l lows:  

•  MDF:  magnetic  d i rection  fi nder;  

•  TOA:  t ime  of  arri val ;  

•  RFI :  rad io  frequency i n terferometry;  

•  FSM:  fi e ld  streng th  meter;  

•  RF:  rad io  frequency s ignal  s treng th  measurements.  

Th is  l i s t  i s  not  exhausti ve.  

These  detecti on  techn iques  are  described  i n  some  detai l  i n  C lause  B.2.  

Table  1  shows  the  connection  between  the  frequency range  i n  wh ich  a  detector may operate  
and  the  phases,  classes  and  typical  ranges  of  operation  for  those  detectors.  
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Table  1  – Lightn ing  detector  properties  

Techn ique  
Physical  
detectable  

phenomenon  
Frequency Phase(s)  

Main  
class  

Secondary 
c lass  

Typical  
sensor  
range 
km  

Appl i cation  

FSM  E l ectri f i cat i on  
process  

DC  1 ,  2 ,  3 ,  4  A   20  Short  range  earl y  
warn i ng  systems  

MDF E l ectri c  charges  
moti on  

VLF  2 ,  3  C  B  No  l im i t  Low detecti on  e ff i ci ency 
and  l ocati on  accu racy – 
very  l ong  range  
detecti on  

MDF,  TOA E l ectromagneti c  
rad i ati on  ( l i g h tn i ng  
cu rren t)  

LF  2 ,  3  C  B  600  to  
900  

Long  range  – h i gh  
l ocati on  accu racy for  CG  
detecti on .  A  fract i on  o f  
I C  processes  are  al so  
detected  

TOA Breakdown  and  
l eader processes  
( IC/CG)  

VHF 2 ,  3  B  C  200  Med i um  range  – h i gh  
l ocati on  accu racy for  
bo th  CG  and  I C  

RFI  Breakdown  and  
l eader processes  
( IC/CG)  

VHF 2 ,  3  B  C  300  Med i um  range  – h i gh  
l ocati on  accu racy for  
bo th  CG  and  I C  

RF  E l ectromagneti c  
rad i ati on  ( l i g h tn i ng  
cu rren t)  

LF  3  D   1 00  Meteorol og i cal  i n terest  

NOTE  The  mai n  cl ass  i s  the  cl ass  for  wh i ch  the  detector i s  des i gned .  The  secondary cl ass  i s  the  cl ass  o r the  
c l asses  for  wh i ch  the  sensor  i s  al so  appropriate .  

 

TWS may also  be  classi fi ed  based  on  thei r  detecti on  range  ( typical l y  from  a few km  to  500  km  
or  more) .  

More  i n formation  on  the  properti es  and  gu idance  i n  choosing  a  sensor for a  certain  pu rpose  i s  
g i ven  i n  Annex B.  

6 Alarm  method  

6.1  General  

I n  order  to  l et  the  user take  al l  possible  preventi ve  actions,  a  thunderstorm  warn ing  system  
(TWS)  shal l  provide  an  alarm  for  a  target  area where  the  l i gh tn ing  re lated  event  (LRE)  
represen ts  a th reat.  The  i den ti fi cation  of  the  l i gh tn i ng  re lated  even t  (LRE)  i s  deduced  from  the  
description  of  dangerous  s i tuations  provided  i n  C lause  9 .  An  alarm  derives  from  mon i toring  
the  l i gh tn ing  acti vi ty,  e i ther or  both  CG  and  IC  bu t  also  other parameters  such  as  the  
e lectrostati c  f i e l d  i n  the  mon i toring  area (MA) .  Combinations  wi th  add i ti onal  meteorolog ical  
observations  are  usual l y  employed  (e. g .  meteorolog ical  radar) .  For detection  systems  able  to  
provide  mapping  i n formation  ( l i gh tn i ng  detection  networks,  radars,  etc. )  i t  i s  possible  to  track 
poten tial l y  dangerous  thunderstorm  cel l s  thus  improving  the  performance  of  TWS.  I n formation  
abou t  TWS i s  g i ven  i n  Annex B.  

The  set-up  of  an  alarm  i ncludes  th ree  steps:  

•  areas  defin i t i ons;  

•  a larm  tri ggeri ng  cri teria;  

•  a larm  in formation  del i very.  

Al l  th ree  steps  shou ld  be  documented .  Gu idel ines  to  set  up  an  alarm  are  presented  i n  th is  
C lause  6  and  some examples  are  i ncluded  i n  Annex E .  
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6.2  Areas 

6.2.1  Target  area (TA)  

A precise  descripti on  of  the  area shou ld  i nclude  the  physical  extension  where  the  warn ing  i s  
needed .  The  target  area can  be  l im i ted  to  a  s i ng le  poin t  (Fi gu re  1 a) ) ,  for  example  tower on  
wh ich  workers  are  operating ,  l im i ted  s ize  factory or  can  be  extended  (e. g .  l arge  bu i l d ings,  
wind  farms,  gol f  courses:  Fi gure  1 b) ) .  I t  i s  however recommended  to  use  larger  areas  for  
safety reasons.  I n  many cases,  i t  may appear s impler  to  l im i t  the  l i gh tn ing  re lated  even t  (LRE)  
to  the  occurrence  of  CG  fl ashes  and  therefore  adapt  the  s i ze  and  shape  of  the  target  area i n  
order to  take  i n to  accoun t  al l  possible  i nduced  effects.  For example,  a  system  sensi ti ve  to  
overvol tages  on  the  power l i ne  can  be  set  up  or  the  occurrence  of  CG  fl ashes  i n  a  target  area 
encompassing  not  on ly  the  s i te  bu t  al so  the  power l i ne  and  i ts  vi cin i ty  (Figure  1 c) ) .  Therefore,  
each  CG  flash  occurring  i n  th is  target  area wi l l  be  treated  as  a  l i gh tn ing  re lated  even t  (LRE)  
able  to  cause  the  overvol tage.  Thus,  the  target  area also  depends  on  the  type  of  l i gh tn ing  
re lated  event  (LRE)  and  the  effects  that  i t  cou ld  cause  (see  Clause  7) .  

   

a)  Sing le  poin t  b)  Arbi trary shape  c)  I nclud ing  services  

Figure  1  – Examples  of  d i fferent  target  area  shapes 

6.2.2  Surrounding  area  (SA)  

I n  the  process  of  evaluating  a  TWS i t  i s  advi sable  to  i n troduce  a  su rround ing  area (SA)  
encompassing  the  target  area as  shown  i n  Fi gu re  2  i n  order  to  con fi rm  the  effi ciency of  the  
alarm .  Where  the  target  area receives  a  warn ing  even  though  i t  does  not  see  an  LRE,  the  
occurrence  of  an  LRE  i n  the  close  neighborhood  of  the  target  area (as  defined  by the  
su rround ing  area)  i nd icates  that  the  ri sk i s  h i gh  and  th is  s i tuati on  shou ld  not  be  treated  as  a  
false  alarm  (FA) .  On  the  other hand ,  a  target  area receiving  a  warn ing  wi th  no  LRE  being  
recorded ,  clearly  i nd icates  a  mal function  of  the  equ ipment  and  shou ld  be  treated  as  a false  
alarm  (FA) .  Moreover,  the  i n troduction  of  the  su rround ing  area (SA)  al l ows  for  taking  i n to  
accoun t  the  l im i ted  location  accuracy (LA)  of  the  val idation  data set.  
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TA 
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TA 
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Figure  2  – Example  of  the  d istribution  of  the  coverage area  (CA),  
the  moni toring  area  (MA),  the  target  area  (TA),  and  surrounding  area (SA)  

6.2.3  Moni toring  area  (MA)  

The  s ize  and  the  shape  of  the  mon i tori ng  area shou ld  be  ad justed  accord ing  to  the  type  of  the  
TWS (see  Annex B) ,  i ts  capabi l i t ies  (see  Annex B,  e . g .  detection  effi ciency and  l ocation  
accuracy) ,  the  shape  of  the  target  area,  the  objecti ves  and  the  performance  of  the  alarm  
system.  

6.2.4  Coverage area (CA)  

Once  the  mon i toring  area (MA)  i s  defi ned ,  the  detection  system  shou ld  have  a  coverage  area 
(CA)  that  i ncludes  the  mon i tori ng  area (MA) .  When  the  coverage  area (CA)  does  not  cover the  
whole  mon i toring  area (MA)  necessary to  e laborate  a  re l i able  warn ing  on  the  target  area,  i t  
wi l l  be  essential  to  j uxtapose  several  e lementary systems.  The  detection  effi ciency (DE)  
and/or the  l ocati on  accuracy (LA)  of  the  detection  system  wi th in  the  range  of  the  mon i toring  
area (MA)  shou ld  be  known  and  thei r  i n fl uence  on  the  alarm  performance  shou ld  be  
considered .  

General l y,  for detection  networks,  MA =  CA.  

6.3  Alarm  triggering  

I n  general ,  an  alarm  i s  tri ggered  when  the  mon i tored  i n formation  provided  by the  TWS i s  
detected  wi th in  the  mon i toring  area (MA) .  The  cri teria  of  tri ggering  shou ld  be  defined  and  
depends  on  the  characteristi cs  of  the  TWS and  i ts  performance  wi th in  the  mon i tori ng  area 
(MA)  (e. g .  one  or several  CG  flashes,  one  or  several  IC  flashes,  a  certain  e lectrostati c  fi e ld  
l evel ,  e lectrostati c  f i e ld  polari ty  and  combinations  of  some  cri teria) .  

An  example  of  a  t im ing  of  an  alarm  i s  d i splayed  i n  Figure  3 .  
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Key 

A Locati ons  o f  the  l i gh tn i ng  re lated  even ts  (LRE)  i n  the  defi ned  areas  (coverage  area CA,  mon i tori ng  area MA,  
su rround i ng  area SA and  target  area)  

B  Temporal  occu rrence  o f  the  l i gh tn i ng  re l ated  even ts  (LRE)  

C  Tim i ng  of  the  alarm  accord i ng  to  the  occu rrence  o f  the  l i g h tn i ng  re l ated  even ts  (LRE)  i n  the  def i ned  areas  

Figure  3  – Example of  an  alarm  

The  l ead  t ime  (LT)  i s  the  t ime  avai lable  to  conduct  the  preven tive  acti ons  before  the  fi rst  
l i gh tn ing  re lated  event  (LRE)  i n  the  target  area may occur.  
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I n  order to  avoid  swi tch ing  the  warn ing  level  frequen tl y,  the  l i gh tn ing  warn ing  system  shal l  use  
a  dwel l  t ime  (DT)  to  sustain  the  alarm  even  when  the  alarm  cri teria  are  no  longer met.  I f  the  
value  set  for  the  dwel l  t ime  i s  too  l arge,  the  t ime  to  clear (TTC)  wi l l  ri se  s i gn i fi can tl y,  thus  
making  the  alarm  costl i er  (depend ing  on  the  appl ication ) .  Note  that  systems  able  to  accu rately 
detect  the  end  of  an  alarm  by means  other than  the  occurrence  of  l i gh tn ing  f lashes  i n  the  
mon i toring  area (such  as  class  A fie ld  streng th  meter (FSM)  systems) ,  may not  use  the  dwel l  
t ime  to  re lease  the  alarm  bu t  rather  the  occurrence  of  th is  end-of-alarm  cond i ti on .  

The  total  alarm  duration  corresponds  to  the  i n terval  between  the  alarm  tri gger  and  the  end  of  
the  dwel l  t ime  (DT) .  

6.4  Alarm  information  del ivery 

A clear alarm  del i very procedure  and  protocol  shou ld  be  defined  to  ensu re  that  the  alarm  
in formation  wi l l  be  properly  received  by the  end  user.  

I t  i s  necessary to  mon i tor  fau l ts  of  the  thunderstorm  detectors  and  commun icati on  l i nks  and  
noti fy  the  end  users  of  al l  possible  detected  fau l ts  that  may affect  the  avai labi l i ty  and  the  
qual i ty  of  the  alarm .  

7 Instal lation  and  maintenance 

Any thunderstorm  detectors  shal l  be  i nstal led  accord ing  to  the  manu factu rer’s  i nstructions  and  
i n  the  best  cond i ti ons  for ensuring  the  fewest  d isruptions  produced  by i ts  envi ronment.  For 
th is  pu rpose,  i t  i s  h i gh ly  recommended  to  make  a  prior  s tudy of  the  proposed  l ocation  i n  order 
to  adapt  the  sensors  of  the  system  to  the  speci fi c  cond i ti ons  of  the  s i te .  

The  i nstal lati on  of  thunderstorm  detectors  i s  prone  to  be  affected  by mu l ti ple  factors,  so,  any 
new i nstal lation  may need  a  prior  ad justment  period  before  i t  i s  considered  to  be  working  at  
i ts  optimum  l evel .  Th is  ad justment shal l  be  made  by the  system ’s  manu facturer  or  by  a 
techn ician  speci fi cal l y  au thorized  by th is  manu factu rer.  

Main tenance  of  the  systems i n tegrated  i n  a  TWS,  i nclud ing  alarm  del i very,  i s  i nd ispensable.  
The  precis ion  of  the  i n formation  provided  by a TWS i s  d i rectly  determined  by the  physical  
cond i ti ons  of  i ts  sensors,  the i r  envi ronment  ( i . e .  g rowing  vegetation ,  bu i l d ings,  towers,  etc. ) ,  
commun ications  l i nks  between  the  sensors  and  the  TWS as  wel l  as  between  TWS and  end  
users.  Therefore  i t  i s  considered  necessary to  carry ou t  the  main tenance  tasks  every year or 
even  at  shorter periods  accord ing  to  the  manu factu rer’s  recommendations.  

Al l  these  i nstal lation  and  main tenance  recommendations  are  real ly  a  key factor  for a  
successfu l  warn ing  system.  

NOTE  Mai n tenance  tasks  can  i ncl ude  for example:  c l ean i ng ,  read j usti ng  o f  parameters ,  veri f i cati on  o f  good  
operati on ,  commun icat i on  abi l i ty,  e tc.  

8 Alarm  evaluation  

8.1  General  

By evaluating  the  operation  of  the  TWS,  i t  i s  possible  to  optim ize  i ts  parameters  and  then  
improve  the  qual i ty  and  the  re l iabi l i ty.  The  alarm  can  thus  be  better  adapted  to  the  end  user  
appl i cations.  

Performance  evaluation  resu l ts  i n  extremely valuable  i n formation  for  fu tu re  alarm  setti ngs,  
preven ti ve  action  improvements,  and  i ncreases  the  knowledge  of  the  target  area l i gh tn ing  
envi ronment.  
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I t  i s  recommended  that  an  evaluation  procedure  be  establ i shed  by the  i nstal ler.  I n  th is  
procedure  the  user shou ld  provide  i n formation  abou t  previous  experiences  when  avai lable  
(e. g .  number of  alarms,  poten tial  fai l u re  to  warn ,  false  alarms,  damages)  during  a  parti cu lar  
alarm  set-up.  

The  evaluation  can  be  performed  i n  d i fferen t  ways  depend ing  on  the  avai labi l i ty  o f  val idation  
i n formation ,  such  as:  

•  cross-correlation  wi th  other  sources  of  i n formation  wi th  a  better accuracy than  the  tested  
device:  data from  other l i gh tn ing  locati on  systems,  meteorolog ical  radar,  satel l i te,  e tc. ;  

•  processing  arch ived  data for  systems  that  are  able  to  record  al l  the  i n formation  usefu l  for  
e laborating  warn ings;  th i s  i s  the  on ly  way to  f i ne  tune  and  veri fy  the  setti ngs  of  the  alarm  
parameters;  

•  experience:  cl imatology,  l ocal  observations,  un real i stic  alarm  durations,  etc.  

The  main  performance  data of  a  speci fi c  TWS are  as  fo l l ows:  

•  the  false  alarm  ratio  (FAR)  determ ined  as  the  ratio  of  the  observed  false  alarms  (FA)  to  

the  total  observed  alarms  (FA +  EA) ;  

 
EAFA

FA
FAR

+
=  ( 1 )  

•  the  fai lu re  to  warn  ratio  (FTWR)  determ ined  as  the  ratio  of  the  number of  fai l u res  to  warn  

(FTW)  to  the  expected  total  number of  alarms  (FTW +  EA) ;  

 
EAFTW

FTW
FTWR

+
=  (2)  

•  the  d istribu tion  of  l ead  time  (LT) ;  

•  the  d istribu tion  of  t ime  to  clear (TTC) .  

Table  2  summarizes  how effective  alarms  (EA) ,  false  alarms  (FA)  and  fai lu re  to  warn  (FTW)  
are  coun ted .  

Table  2  – Contingency table 

Event  LRE  d id  occur i n  the  SA LRE  d id  not  occur  i n  the  SA 

Alarm  was  del i vered  EA FA 

No  alarm  was  de l i vered  FTW – 

 

The  main  parameters  that  can  be  ad justed  to  improve  the  performance  of  a  TWS are  as  
fo l l ows:  

•  the  alarm  trigger cri teria  i n  the  mon i tori ng  area (MA) ;  

•  the  s i ze  and  shape  of  the  mon i toring  area (MA) ;  

•  the  dwel l  t ime  (DT) .  

A change  i n  parameters  wi l l  always  lead  to  compromises,  for  example:  

•  i ncreasing  mon i toring  area (MA)  s i ze  wi l l  i ncrease  the  number of  alarms,  the  l ead  t ime  
(LT) ,  along  wi th  the  false  alarm  ratio  (FAR)  and  time  to  clear  (TTC) ;  

•  reducing  mon i toring  area (MA)  s i ze  i s  l i ke ly  to  i ncrease  the  fai lu re  to  warn  ratio  (FTWR)  
bu t  decrease  the  false  alarm  ratio  (FAR)  and  l ead  t ime  (LT) ;  
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•  i ncreasing  the  sensi ti vi ty  of  the  tri ggering  cri teria  wi l l  decrease  the  fai lu re  to  warn  ratio  
(FTWR)  and  i ncrease  the  l ead  t ime  (LT)  bu t  cou ld  i ncrease  the  false  alarm  ratio  (FAR) ;  

•  reducing  the  dwel l  t ime  (DT)  wi l l  reduce  the  t ime  to  clear  (TTC)  bu t  al so  tend  to  arti fi cial l y  
i ncrease  the  number of  alarms.  

Accord ing  to  the  warn ing  appl icati ons,  the  goal  of  performance  optim ization  can  be  d i fferen t:  

•  a  m in imum  false  alarm  ratio  (FAR)  and  a  m in imum  time  to  clear  (TTC)  are  requ i red  i n  
appl i cations  where  the  cost  o f  service  i n terruption  i s  huge;  

•  a  m in imum  fai l u re  to  warn  ratio  (FTWR)  i s  requ i red  i n  appl i cations  where  human  safety i s  
i nvolved;  

•  a  su ffi cien t  l ead  t ime  (LT)  i s  requ i red  i n  appl ications  where  preven ti ve  actions  requ i re  a  
l ong  time  to  acti vate.  

8.2  Evaluation  of  TWS by using  l ightn ing  location  data 

Ligh tn ing  location  data i s  avai lable  from  many sources  ( l i gh tn ing  detection  networks,  satel l i te  
observations,  etc. )  almost  everywhere  wi th  d i fferen t  qual i ty  i n  terms  of  detection  effi ciency 
(DE)  and  l ocation  accuracy (LA) .  These  data can  be  used  to  evaluate  the  performance  of  the  
TWS keeping  i n  m ind  the  l im i tation  due  to  the  g iven  detection  effi ciency (DE)  and  l ocation  
accuracy (LA) .  I ndeed,  a  poor detection  effi ciency (DE)  of  the  val i dation  data  set  wi l l  have  a  
tendency to  arti fi cial l y  i ncrease  the  false  alarm  ratio  (FAR) .  

8.3  Fine tun ing  of  TWS by processing  arch ived  data 

Some TWS have  the  abi l i ty  to  save  raw data ( l i gh tn ing  l ocations,  e lectric  f i e ld ,  etc. )  over  a  
l ong  period  that  can  be  used  to  optim ize  the  warn ing  parameters.  Accord ing  to  the  targeted  
performance  of  TWS ( low fai l u re  to  warn  ratio ,  l ong  lead  time,  etc. )  i t  wi l l  be  possible  to  check 
the  sensi ti vi ty  of  desi red  metri cs  when  the  warn ing  parameters  (s ize  and  shape  of  mon i tori ng  
area (MA)  and  tri ggeri ng  cri teria)  are  ad justed .  

I n  the  case  of  a  TWS based  on  fi e ld  streng th  measurements  (FSM)  the  on ly  ad justable  
parameter wi l l  be  the  tri ggering  cri teria.  I ndeed ,  i n  that  case,  the  s i ze  and  shape  of  the  
mon i toring  area (MA)  are  stri ctl y  merged  wi th  coverage  area (CA) .  The  optim ization  wi l l  then  
consist  o f  ad justing  th reshold  values,  fi e l d  variation  analysis ,  peak detections,  etc.  Th is  wi l l  
requ i re  a  su ffi ci en t  t ime  resolu tion  for the  arch ived  data.  

I n  the  case  of  TWS based  on  l i gh tn i ng  detection  network i t  wou ld  be  possible  to  ad just  the  
s ize  and  shape  of  the  mon i toring  area (MA) ,  as  wel l  as  the  tri ggeri ng  cri teria  i n  order  to  
ach ieve  the  optimum  performance.  

NOTE  For some  TWS,  i t  i s  not  poss i bl e  to  ad j ust  MA.  

9  Thunderstorms warning  systems appl ication  gu ide 

9.1  General  

I n  general  terms,  TWS are  usefu l  to  con trol ,  preven t  or reduce  l oss  of  l i fe ,  damage  to  
goods/services  or  properties  (wi th  the  economic  l osses  associated)  and  envi ronmental  
hazards.  Risk management  for  the  appl i cation  of  TWS shal l  consider  a  wide  range  of  
s i tuations.  I n  general  terms,  a  TWS i s  i n tended  to  reduce  ri sks  due  to  dangerous  even ts  (LRE)  
by means  of  an ticipated  temporary preven ti ve  measures  al l owing  for  reduction  of  the  
exposure  t ime  to  the  th reat  and/or i so lation  of  l i nes  wh ich  m igh t  conduct  surges  i n to  the  
structure.  More  speci fi cal l y,  a  TWS i s  not  able  to  replace  a  l i gh tn ing  protecti on  system  nor  i s  i t  
able  to  protect  against  l i gh tn i ng  su rges,  as  speci fied  i n  the  IEC  62305  series.  

A TWS provides  real - time  i n formation  on  atmospheric  e lectri c  acti vi ty,  thus  the  stati sti cal  data 
concern ing  thunderstorms  m igh t  have  no  d i rect  re lation  wi th  the  evaluation  of  the  preven tion  
advisabi l i ty.  Thus,  the  advi sabi l i ty  of  implementing  l i gh tn ing  safeguard  procedures  i n  a  certain  
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area depends  on  the  characteristi cs  of  the  activi ty  performed,  the  publ i c  zones  exposed  to  
thunderstorms,  i ts  human  presence  and  the  possibi l i ty  o f  taking  effective  preven ti ve  actions  
as  a  consequence  of  the  i n formation  provided  by the  TWS.  

IEC  62305-2[1 7] 1  shou ld  be  used  for  evaluating  the  ri sk on  structu res.  

NOTE  How to  u se  a  TWS  to  reduce  the  r i sk i ns i de  s tructu res  i s  u nder consi derati on .  

I n  some  cases,  for  example  open  ai r  appl ications,  the  ri sk method  described  i n  I EC  62305-2  
general l y  cannot  be  used  and  a  procedure  i s  proposed  below.  

9.2  Procedure 

9.2.1  General  

Evaluation  of  advisabi l i ty  of  the  use  of  TWS includes  th ree  steps:  

1 )  hazardous  s i tuations  i den ti fi cation ;  

2)  type  of  l oss  determination ;  

3 )  r i sk con tro l :  opti ons  to  reduce  the  ri sk (selection ,  implementati on  and  fo l l ow-up  of  the  
proper measures  for  the  con trol  and  reduction  of  ri sk) .  

Th is  standard  does  not  address  any detai l s  on  preven tive  actions.  For examples  of  possible  
recommended  preven ti ve  actions,  however,  see  Annex D .  

9.2.2  Step 1  – Identi fication  of  hazardous si tuations 

I den ti fy  one  or  several  hazardous  s i tuati ons  among  the  d i fferen t  possibi l i t i es  of  Table  3 .  I n  the  
event  of  a  s i tuati on  that  i s  not  covered  i n  the  table,  select  “Other s i tuations”.  

Table  3  – Identi fication  of  hazardous  si tuations 

No.  Si tuation  

1  Peopl e  i n  open  areas  wi thou t  an  appropri ate  l i g h tn i ng  protected  she l ter  avai l abl e  (accord i ng  to  the  
I EC  62305  seri es  or  o ther I EC  s tandards) :  ou tdoor acti vi t i es ,  sports  ( footbal l ,  go l f ,  e tc. ) ,  competi t i ons ,  
crowded  even ts ,  farm i ng ,  ranch i ng  or  f i sh i ng  acti vi t i es ,  beaches,  l e i su re  areas  

2  Safeguard  of  sens i t i ve  goods:  compu ter  systems,  e l ectri c  or  e l ectron i c  con tro l s ,  emergency,  al arm  and  
safety  systems  

3  Losses  i n  operati ons  and  i ndustri al  processes  

4  S tructu res  con tai n i ng  dangerous  substances  ( i n fl ammable ,  rad i oacti ve ,  toxi c  and  expl os i ve  materi al s )   

5  Basi c  servi ces  whose  con ti nu i ty,  qual i ty  or  fast  recovery shal l  be  g uaran teed  ( te l ecommun icat i ons,  
energy generati on ,  t ransport  and  d i stri bu t i on ,  san i tary  and  emergency servi ces)  

6  I n frastructu res:  ports ,  ai rports ,  rai l roads,  roads,  motorways,  cabl eways  

7  Safety  at  workplace  (acti vi t i es  that  impl y  a  ri sk at  workplace  i n  case  of  a  th understorm )  

8  Zones  that  need  ci vi l  o r  envi ronmen tal  protecti on :  preven ti on  o f  fo rest  f i res,  e tc.  

9  Bu i l d i ngs ,  t ransport  or  faci l i t i es  wi th  the i r  external  areas  open  to  the  publ i c  

1 0  Other s i tuati ons  

 

9.2.3  Step  2  – Determination  of  type of  loss  

For each  selected  s i tuation  of  Table  3 ,  evaluate  the  d i fferen t  l osses  concern ing  people  
(Table  4) ,  goods  (Table  5) ,  services  (Table  6)  and  envi ronment  (Table  7)  to  determ ine  the  
category of  l oss  (A,  B,  C  or –) .  

___________ 

1   N umbers  i n  square  brackets  refer  to  the  bi b l i og raphy.  
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Table  4  – Loss  concern ing  people 

Loss  Category of  l oss  

Loss  o f  h uman  l i fe  A  

Seri ous  i n j u ri es  to  peopl e  B  

M i nor i n j u ri es  to  peopl e  C  

No  i n j u ri es  to  peopl e  – 

 

Table  5  – Loss  concern ing  goods 

Loss  Category of  l oss  

Loss  o f  val uable  g oods  A  

Loss  o f  common  val ue  goods  B  

M i nor l osses  o f  g oods  C  

No  l oss  – 

 

Table  6  – Loss  concerning  services 

Loss  Category of  l oss  

Loss  o f  val uable  servi ces  A  

Loss  o f  common  servi ces  B  

M i nor l osses  o f  servi ces  C  

No  l oss  – 

 

Table  7  – Loss  concern ing  envi ronment 

Loss  Category of  l oss  

Envi ronmen tal  d i saster  A  

Damages  to  envi ronment  B  

M i nor envi ronmen tal  damage  C  

No  l oss  – 

 

9.2.4  Step  3  – Risk control  

Determ ine  i f  the  i n formation  g i ven  by a  TWS helps  to  take  temporary preven ti ve  actions  (as  
g i ven  i n  Annex C)  i n  order to  reduce  the  ri sk.  I f  negative,  the  TWS i s  not  usefu l  
( i ndependentl y  of  the  type  of  damage) .  I f  affi rmati ve,  each  s i tuation  (selected  from  Table  3)  
and  type  of  l oss  (selected  from  Tables  4  to  7)  determines  the  appropriateness  of  TWS (see  
Table  8) .  I n  case  of  several  d i fferent  so lu tions,  the  fi nal  so lu ti on  wi l l  be  g i ven  by choosing  the  
safest  so lu tion .  
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Table  8  – Risk control  

Worst  l oss  severi ty 
(as  resu l t  of  Tables  4  to  7)  

Implementation  
of  adequate  TWS 

A Very h i g h l y  recommended  

B  H i g h l y  recommended  

C  Recommended  

– Not  recommended  
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Annex A 
( in formative)  

 
Overview of the l ightning  phenomena 

A.1  Orig in  of  thunderclouds  and  electri fi cation  

Ligh tn ing  i s  produced  by e lectri fied  clouds,  bu t  not  al l  clouds  are  e lectri f i ed .  Thunderclouds  
produce  l i gh tn ing  and  are  usual l y characterized  by substan tial  verti cal  (deep)  development  
and  the  s imu l taneous  presence  of  supercooled  cloud  d rops,  i ce  crystals ,  and  g raupel  (soft  hai l )  
particles.  Thunderclouds  can  also  produce  h igh  winds  and  severe  weather on  the  g round  (hai l ,  
tornados) .  

Thunderstorms  or  cumu lon imbus  clouds  are  produced  by buoyancy forces  that  are  set  up  
i n i ti al l y  when  sun l igh t  heats  the  earth ’s  su rface  and  the  ai r  i n  the  planetary boundary layer.  
The  thermodynamic  basis  for  the  formation  of  convecti ve  clouds  i s  a  cond i ti onal  temperature  
i nstabi l i ty  and  an  i n i ti al  tri gger  to  start  th is  process.  The  tri gger can  be  produced  by a  variety  
of  mechan isms:  boundary layer thermals,  fron tal  and  gust- fron t  boundaries,  orograph ic  l i fti ng  
( typical  i n  moun tains)  and  fron tal  su rfaces.  When  buoyan t ai r  parcel  ascends  and  en ters  a  
l ower pressure  envi ronment,  the  parcel  expands  and  cools  un ti l  the  temperatu re  reaches  the  
dew poin t.  After  that,  the  condensation  of  water vapor produces  a  cloud ,  and  the  l aten t  heat  
released  by the  condensing  vapor enhances  the  parcel  buoyancy.  I f  the  parcel  reaches  
subfreezing  temperatu res,  the  cond i ti ons  for the  formation  of  i ce  crystals  and  g raupel  that  are  
fundamental  for  cloud  e lectri fi cation  and  l i gh tn ing  wi l l  be  presen t.  

Typical  thunderstorm  cel l s  are  characteri zed  by d iameters  of  1 0  km ,  cloud  top  al ti tudes  of  
1 2  km ,  and  a  l i fe  cycle  of  l ess  than  30  m in .  Bu t  o ther  types  of  thunderstorms  such  as  mu l ti -
cel l  l i nes,  cluster,  super-cel l s ,  and  mesoscale  convecti ve  systems  (MCS)  have  larger 
d imensions  and  durations  that  can  reach  several  hours.  D i fferen t  types  of  thunderstorms  tend  
to  occur i n  d i fferen t  geograph ic  reg ions.  

A model  o f  the  charge  d i stribu ti on  of  a  s imple  thundercloud  consists  of  th ree  charge  reg ions,  
a  concentrated  negati ve  layer i n  the  m idd le  of  the  cloud  wi th  a  more  d i sperse  posi ti ve  l ayer  
above  that  and  a  smal l  pocket  of  posi ti ve  charge  below the  negati ve  reg ion .  Ligh tn ing  tends  to  
beg in  at  or  near the  edge  of  the  negati ve  reg ion ,  and  i f  i t  beg ins  near the  top  of  the  l ayer,  i t  
usual l y  develops  i n to  an  i n tra-cloud  ( IC)  d i scharge  i nvolving  the  main  negati ve  and  posi ti ve  
reg ions.  I f  a  d i scharge  beg ins  at  or  near the  lower edge  of  the  negative  layer,  i t  can  produce  a  
downward-propagating ,  negative  leader and  a  cloud-to-g round  (CG)  d ischarge.  

A.2  Lightn ing  phenomena 

Al though  cloud- to-g round  (CG)  l i gh tn ing  i s  the  most  dangerous  type  for human  activi t i es,  most  
of  the  l i gh tn ing  produced  by a  thunderstorm  does  not  reach  the  g round .  These  flashes  are  
common ly  cal led  i n tra-cloud  ( IC) .  

Li gh tn ing  appears  after the  thundercloud  acqu i res  a  certain  l evel  o f  e l ectri fi cation .  I n tra-cloud  
fl ashes  usual l y  appear several  m inu tes  before  the  fi rst  cloud- to-g round  fl ash ,  bu t  th i s  i s  not  
always  the  case.  The  po lari ty  of  l i gh tn i ng  i s  defi ned  by the  polari ty  of  the  e lectri c  charge  
del i vered  to  the  g round.  Ligh tn ing  can  also  be  characterized  by the  d i rection  of  the  i n i t ial  
l eader,  downward  i n  the  case  of  cloud-to-ground  or  upward  i n  the  case  of  g round-to-cloud .  
Fi gu re  A. 1  shows  the  standard  l i gh tn ing  classi fi cati ons.  Downward  flashes  are  the  most  
common  and  upward  flashes  are  usual l y  i n i t iated  by tal l  s tructu res  ( i . e .  structu res  h igher than  
1 00  m  or  smal ler  s tructu res  i n  mountainous  terrain ) .  
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a)  Downward  negati ve  b)  Upward  negati ve  

  

c)  Downward  posi t i ve  d )  Upward  posi t i ve  

Figure  A.1  – Standard  l ightn ing  classi fications 

The  most  common  type  of  l i gh tn ing  i s  negative,  downward  ( typical l y around  90  %) ,  bu t  not  i n  
particu lar cases  such  as  win ter thunderstorms,  severe  thunderstorms  or  i n  the  strati form  
reg ions  of  mesoscale  convecti ve  systems  (MCS)  where  there  can  be  a  preponderance  of  
posi ti ve  CG  flashes.  Typical l y,  a  downward  negati ve  f lash  beg ins  wi th  a  pre l im inary 
breakdown  process  wi th i n  the  cloud  that,  i n  tu rn ,  produces  a  downward  leader that  develops  
i n  an  i n term i tten t,  h igh ly  branched  and  stepped  fash ion  as  i t  propagates  toward  g round.  Th is  
process  i s  known  as  the  stepped- leader.  When  any negati ve  stepped- leader channel  gets  
close  to  the  g round ,  the  e lectric  f i e ld  under the  l eader produces  one  or  more  upward,  
connecting  d ischarges  that  usual l y  emanate  from  the  sharpest  extrem i ty  of  the  nearest  
g rounded  conductor.  When  attachment  between  both  leaders  occurs,  the  return  stroke  beg ins.  
The  retu rn  stroke  i s  an  i n tense  pu lse  of  cu rren t  that  transfers  cu rren t  i n to  the  g round ,  and  i t  
propagates  up  the  pre- ion ized  l eader channel  at  rough ly  a  th i rd  of  the  speed  of  l i gh t.  The  
peak temperatu re  of  a  retu rn  stroke  i s  abou t  30  000  K,  and  i t  i s  the  bri gh test  l i gh tn ing  process.  
The  duration  of  a  retu rn  stroke  i s  several  hundred  m icroseconds  to  tens  of  m i l l i seconds,  
depend ing  on  the  du ration  of  any con tinu ing  cu rren t.  A subsequen t  return  stroke  often  
appears  a few tens  of  m i l l i seconds  after the  fi rst  retu rn  stroke,  and  there  are  th ree  to  fou r 
l eader/retu rn  stroke  sequences  i n  a  typical  l i gh tn ing  f lash .  

See  [9 ]  for  more  detai l s .  

A.3  Electric  thunderstorm  and  l i ghtning  characteristics  usefu l  for prevention  

A.3.1  Electrostatic  field  

The  e lectric  charge  wi th in  a  thundercloud  produces  a  l arge  e lectrostati c  f i e ld  at  the  g round  
wh ich  usual ly  i s  much  l arger  than  the  fai r-weather e lectri c  fi e ld .  Thus,  measuring  the  e lectri c  
f i e ld  of  a  thunderstorm  as  i t  develops  or approaches  can  provide  an  element of  warn ing  bu t  
wi th  some  l im i tations.  One  of  these  l im i tations  i s  that  the  e lectric  f i e ld  at  g round  l evel  i s  not  
the  true  fi e ld  produced  by the  cloud  charge  because  there  are  s ign i fi can t  l ayers  of  space  
charge  between  the  cloud  and  the  g round .  Therefore,  i t  i s  not  possible  to  define  a  precise  
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f i e ld  th reshold  that  corresponds  to  an  imminent  l i gh tn i ng  strike.  The  second  l im i tati on  i s  that  
the  e lectri c  fi e ld  can  on ly be  measured  up  to  a  few ki l ometers  from  the  thunderstorm.  

CG  and  IC  fl ashes  produce  abrupt  changes  i n  the  e lectric  f i e ld  that  can  be  used  to  detect  
l i gh tn ing  flashes,  and  i f  the  fi e ld  changes  are  measured  at  several  s i tes  s imu l taneously,  the  
cen troid  of  the  l i gh tn ing -caused  change  i n  the  cloud  charge  can  be  l ocated .  However,  l ocating  
l i gh tn ing  flashes  us ing  changes  i n  the  e lectrostatic  f i e ld  i s  not  a  common  method .  

A.3.2  Electromagnetic  fields  

A.3.2.1  General  

A l i gh tn ing  d ischarge  rad iates  e lectromagnetic  energy because  of  the  l arge  and  rapid ly 
chang ing  cu rren ts  at  the  source.  Th is  rad iation  i s  common ly  used  to  detect  and  l ocate  
l i gh tn ing  using  several  techn iques  e i ther i nd i vidual l y  or  combined .  Annex B  describes  several  
techn iques  that  are  i n  use  today.  

By locating  IC,  CG  or  both  types  of  l i gh tn ing ,  a  thunderstorm  can  be  tracked  for pu rposes  of  
warn ing  and  l i gh tn ing  damage  preven tion .  

A.3.2.2  Detection  of  IC  flashes 

I n  a  thunderstorm,  IC  flashes  usual l y  appear before  the  fi rst  CG  d ischarge;  thus,  cloud  
d i scharges  are  common ly  used  for  warn ing  purposes.  

On  average,  thunderstorms  produce  two  or  th ree  t imes  more  IC  fl ashes  than  CG,  and  th is  i n  
tu rn  provides  more  sources  for  mon i toring  and  tracking  the  electric  acti vi ty  of  a  thunderstorm.  

The  h igher IC  acti vi ty  compared  wi th  the  CG  activi ty  al so  requ i res  more  data processing  
capaci ty.  There  can  be  tens  of  thousands  of  sources  of  e lectromagnetic  rad iati on  i n  the  very 
h igh  frequency (VHF)  range,  and  th i s  h i gh  rate  can  l im i t  detections  to  j ust  a  few hundred  
ki l ometers.  

A.3.2.3  Detection  of  CG  flashes 

Detection  of  CG  flashes  i s  common ly  performed  i n  the  low or  very l ow frequency range  
(LF/VLF) ,  and  the  range  i s  several  hundred  ki lometres  i n  th i s  frequency range.  

A.3.3  Other  parameters  usefu l  i n  l ightn ing  detection  

A.3.3.1  In ter- l ightn ing  in tervals  and  l ightn ing  rates  

The  t imes  and  d istances  between  fl ashes  provide  i n formation  abou t  the  thunderstorm  activi ty.  
A l i gh tn ing  rate  i s  the  number of  f l ashes  per  t ime  un i t,  and  th is  parameter i s  common ly  used  
to  describe  the  l i gh tn ing  acti vi ty  of  a  thunderstorm.  

A.3.3.2  IC  to  CG  ratio  

The  number of  IC  d ischarges  relati ve  to  CG  provides  i n formation  abou t  the  l i gh tn ing  acti vi ty  
and  type  of  thunderstorm.  

A.3.3.3  CG  polari ties  

Posi ti ve  flashes  are  common  i n  win ter thunderstorms  and  i n  the  strati form  reg ions  of  
mesoscale  convective  systems  (MCS) .  Moreover,  a  h i gh  percen tage  of  posi ti ve  CG  re lati ve  to  
negati ve  CG  may be  an  i nd icator of  severe  weather.  

Al l  these  parameters  are  very sensi ti ve  to  the  performance  of  the  l i gh tn i ng  location  systems  
used .  
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Annex B  
( in formative)  

 
Thunderstorm detection  techniques 

B.1  In troductory remarks 

Annex B  explains  the  classi fi cation  of  thunderstorm  detecti on  techn iques.  Fu rthermore,  i t  
describes  the  techn ical  methods  used  i n  thunderstorm  detection  and  g ives  gu idance  i n  
choosing  the  ri gh t  type  of  detector and/or detection  system  to  accommodate  the  need  for 
l i gh tn ing  i n formation .  

B.2  Detection  techniques and  parameters  to  qual i fy a  sensor 

B.2.1  General  

Thunderstorm  detectors  are  classi fied  i n  relati on  to  the  thunderstorm  phases  depending  on  
the  detectable  phenomena.  However,  a  thunderstorm  detector can  detect  one  or  several  
phenomena.  The  fo l lowing  subclauses  g i ve  a  description  and  a brief  explanation  for every 
class  of  detector.  

B.2.2  Class  A 

The  purpose  of  class  A detectors  i s  to  detect  the  fi rst  s i gn  of  a  thunderstorm  (phase  1 ) ,  usefu l  
for  an  earl y warn ing  to  take  preven ti ve  actions,  before  the  occurrence  of  any i n tra-cloud  or  
cloud- to-g round  l i gh tn ing  and  du ring  al l  the  t ime  when  the  ri sk of  l i gh tn i ng  exists.  Detection  i s  
conducted  by the  measurement  of  the  e lectrostati c  fi e l d  produced  by the  thunderstorm.  

The  e lectri fi cation  of  a  thunderstorm,  or  i ts  s imple  presence  produces  an  al teration  of  the  fai r  
weather e lectrostatic  f i e ld .  The  atmospheric  e lectrostatic  f i e ld  at  g round  level  during  fai r  
weather has  a  posi ti ve  value  of  abou t  1 00  V/m  to  1 50  V/m  (atmospheric  e lectrici ty  s ign  
conven tion)  i n  a  f lat  area,  as  the  atmosphere  above  the  earth  i s  posi ti vely charged .  Under the  
e lectri fied  cloud  of  a  thunderstorm,  the  e lectric  f i e ld  at  g round  l evel  can  reach  several  
ki l ovol ts  per metre.  Common ly  the  e lectrostatic  f i e ld  at  g round  level  i s  screened  from  the  fi e ld  
produced  by the  cloud  due  to  the  presence  of  screen ing  l ayers  and  hence  the  electrostatic  
f i e ld  usual l y  remains  below 1 0  kV/m.  

An  e lectri c  f i e ld  sensor,  for  detection  purposes,  shou ld  have  a  m in imum  resolu ti on  of  200  V/m  

and  shou ld  be  able  to  measure  an  e lectric  f i e ld  of  at  l east  ±20  kV/m.  E lectrostatic  f i e ld  
changes  du ring  the  i n i ti al  phase  are  re lati vely s low and  sampl ing  of  the  f ie ld  every few 
seconds  i s  su ffi cien t.  I f  for  the  appl icati on  of  the  sensor,  i n formation  concern ing  changes  i n  
the  fi e l d  i s  needed ,  a  m in imum  sampl i ng  rate  of  one  sample  per second  i s  recommended .  

The  detector device  shou ld  provide  i n formation  abou t  the  e lectric  f i e l d  l evel .  Some  devices  
can  also  provide  i n formation  abou t  the  f ie ld  evolu ti on  i n  t ime.  

Detectors  of  class  A are  able  to  detect  the  presence,  or  not,  o f  an  e lectri fied  cloud .  However,  
there  i s  no  clear  e lectrostatic  f i e ld  th reshold  that  defines  the  e lectrostati c  f i e ld  l evel  at  wh ich  
the  f i rst  l i gh tn ing  d ischarges  are  i n i t iated .  The  mon i toring  area i s  s trong ly constricted  by the  
rapid  decrease  of  the  electrostatic  fi e ld  wi th  d i stance.  The  measurement  of  the  e lectrostatic  
f i e ld ,  therefore,  shou ld  cover a  range  of  a  maximum  of  20  km  from  the  border of  the  charge  
reg ion .  Because  i t  i s  dependent  on  the  topolog ical  envi ronment,  i t  i s  used  as  a  l ocal  detector.  

As  any nearby l i gh tn ing  causes  rapid  changes  i n  the  e lectrostatic  f i e l d ,  C lass  A detectors  can  
also  provide  some  i n formation  during  phases  2,  3 ,  and  4.  
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I n  any case,  the  manu factu rer or  the  service  provider  shou ld  g i ve  i n formation  abou t  the  l evels  
and  warn ing  methods,  as  those  levels  al so  depend  on  the  cond i ti ons  at  the  i nstal lation  s i te ,  
when  the  measurement  i s  affected  by l ocal  f i e ld  enhancement.  

B.2.3  Class  B  

Detectors  of  class  B  detect  i n tra-cloud  ( IC)  and  cloud- to-g round  (CG)  flashes  (phases  2  to  4) .  
IC  d ischarges  produce  a  large  number of  RF sources  i n  the  VHF frequency range.  Typical l y,  
IC  d i scharges  are  detected  and  l ocated  from  measurements  i n  th is  frequency range  (around  
1 00  MHz) .  

A detector for IC  flashes  shou ld  have  detection  effi ci ency i n  accordance  wi th  the  needs  of  the  
appl i cation  i n tended  by the  user  (see  Annex E) .  S ince  the  location  of  the  IC  acti vi ty  i s  
importan t  for  preven ti ve  actions,  the  manu factu rer  or  the  service  provider shou ld  g i ve  the  
range  of  detection  and  the  locati on  uncertain ty.  The  location  uncertain ty  for  CG  flashes  
shou ld  be  i n  accordance  wi th  the  needs  of  the  appl i cation  i n tended  by the  user  (see  Annex E) .  

I n formation  abou t  detection  methods  and  warn ings  shou ld  be  g i ven  by the  manu factu rer or 
the  provider.  

B.2.4  Class  C  

Detectors  of  class  C  detect  cl oud-to-ground  flashes  and  also  certain  i n tra-cloud  fl ashes.  
Cloud-to-g round  flashes  produce  s ign i fi can t  rad iation  i n  the  LF frequency range  (1 0  kHz  to  
500  kHz) .  

A detector for  cloud-to-ground  f lashes  shou ld  have  flash  detection  effi ciency for  the  
mon i toring  area h igher than  90  %.  S i nce  the  l ocation  of  the  cloud-to-g round  acti vi ty  i s  
importan t  for  preven ti ve  actions,  the  manu factu rer  or  provider shou ld  g i ve  the  range  of  
detection ,  and  the  l ocation  accuracy.  The  50  % location  accuracy shou ld  be  less  than  1  km  for 
the  mon i toring  area.  

I n formation  abou t  employed  detection  methods  and  warn ings  shou ld  be  g i ven  by the  
manu facturer  or  the  l i gh tn ing  data provider.  

B.2.5  Class  D  

Detectors  of  class  D  detect  CG  flashes  (phase  3)  bu t  also  other  e lectromagnetic  pu lses  wi th  
poor capabi l i ty  of  d i scrim ination  between  l i gh tn ing  even ts  and  other s i gnal  sources  (EMI ) .  

B.3  Location  techniques 

B.3.1  General  

Thunderstorm  detectors  may be  d ivided  accord ing  to  thei r  appl ication  i n to  two  kinds  of  
l ocation  techn iques.  To  determ ine  where  l i gh tn ing  wi l l  s trike  a  mu l ti -sensor l i gh tn ing  l ocati on  
system  i s  needed .  When  on ly  general  i n formation  abou t  l i gh tn i ng  acti vi ty  and/or  a  course  
d i stance  and  beari ng  of  a  thunderstorm  i s  wan ted ,  a  s i ng le  sensor l i gh tn ing  detector may be  
appropriate.  

B.3.2  Mu l ti -sensor locat ion  techniques 

There  are  fou r ki nds  of  mu l ti -sensor l ocation  (ML)  techn iques:  

ML1   Magnetic  d i rection  fi nder  (MDF):  

The  principle  of  magnetic  d i rection  f i nd ing  i s  to  use  two  orthogonal  magnetic  l oops  
measuring  the  Hx and  Hy components  of  the  magnetic  fi e l d .  The  magnetic  f l ux  i n to  a  
l oop being  proportional  to  the  i ncidence  ang le,  one  of  the  l oops  wi l l  be  re lated  to  the  
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cosine  of  the  azimu th  of  the  source,  wh i le  the  other  wi l l  be  re lated  to  the  s i ne,  the  
rati o  of  the  two  provid ing  the  tangen t  of  the  az imuth .  

Wi th  two  or more  magnetic  d i rection  fi nders,  l ocations  of  l i gh tn ing  strikes  can  be  
determined  by calcu lati ng  the  cross  bearing  of  the  azimu ths  of  the  d i rection  fi nders.  

ML2   Time  of  arri val  (TOA) :  

The  principle  of  t ime  of  arri val  i s  to  use  the  delay necessary for  a  pu lse  to  travel  from  
the  source  of  rad iation  to  the  sensors:  closer sensors  wi l l  see  the  s i gnal  before  
fu rther ones.  The  t ime  of  arri val  method  can  be  used  i n  the  VLF and  LF frequency 
range  as  wel l  as  i n  the  VHF frequency range.  

ML3   I n terferometry (RFI ) :  

I n terferometry consists  i n  measuring  a  phase  d i fference  between  closely  spaced  
an tennas.  The  main  d i fference  wi th  t ime  of  arri val  i s  that  i t  can  operate  on  
con ti nuous  wave  and  therefore  there  i s  no  need  to  i den ti fy  pu lses.  

ML4   Optical  imag ing  (OI ) :  

Space  (satel l i te) -based  sensors  are  able  to  detect  fast  chang ing  optical  effects  
produced  by l i gh tn ing  and  map them  accord ing ly.  Th is  techn ique  i s  not  very accurate  
bu t  g i ves  the  possibi l i ty  o f  l i gh tn ing  research  over areas  where  an  earth  based  
detection  system  i s  not  possible,  such  as  over the  oceans.  

B.3.3  Sing le  sensor techniques 

The  s ing le  sensor (SS)  techn iques  are  as  fo l l ows:  

SS1   F i eld  strength  measurements  (FSM) :  

The  ri se  of  the  e lectric  f i e ld  du ri ng  the  bu i l d -up  of  a  thunderstorm  may be  used  to  
g i ve  a  warn ing  of  an  upcoming  l i gh tn ing  acti vi ty.  The  fast  change  i n  fi e l d  streng th  
that  occurs  du ring  a  l i gh tn ing  strike  i s  used  to  determ ine  the  actual  l i gh tn ing  strikes.  

SS2   Magnetic  d i recti on  f i nder  (MDF) :  

The  magnetic  d i rection  fi nder techn ique  used  i n  l i gh tn ing  detection  networks  may 
also  be  used  as  a  s ing le  sensor system  g i ving  the  az imu th  of  occurring  l i gh tn i ng  
stri kes,  provid ing  i t  has  a  techn ique  presen t  to  determ ine  the  d istance  rough ly  by  
measuri ng  the  s i gnal  s treng th  and/or the  s i gnals  waveform.  

SS3   RF  s i gnal  streng th  measurements  (RFM)  

Measuri ng  the  s i gnal  s treng th  of  the  l i gh tn ing  s i gnal  on  an  an tenna i n  i tsel f  i s  not  a  
val id  method  because  of  the  l arge  variety i n  l i gh tn ing  cu rren t  characteri sti cs.  
E laborate  s i gnal  processing  and  combination  wi th  opti cal  detection  i s  able  to  improve  
the  possibi l i ty  of  determ in ing  the  d istance  of  a  l i gh tn ing  stri ke  s ign i fi can tl y.  However,  
the  method  i s ,  i n  essence,  i naccurate.  

Al l  avai lable  l i gh tn ing  detection  techn iques  have  thei r  own  appl ication .  

The  l ocation  methods  ML1  to  ML3  f i nd  thei r  u se  i n  l i gh tn ing  detection  networks  for  very 
practical  as  wel l  as  scien ti f i c  pu rposes.  They are  often  explo i ted  as  commercial  networks  
making  the  data avai lable  to  the  general  publ ic.  These  networks  can  be  found  al l  over  the  
world .  

Location  method  ML4 i s  mostly  i nstal led  for  scien ti fi c  purposes  and  i nstal led  and  owned  by 
un ivers i ti es  and  governmental  organ izations.  

The  s ing le  sensor techn iques  also  have  d isti nct  properti es  wi th  d i fferen t  appl icati ons.  

Type  SS1  sensors  are  usefu l  for  early  warn ing  at  the  l ocal  l evel  before  l i gh tn ing  occu rs  and  
over the  en ti re  thunderstorm  l i fecycle.  
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Detectors  accord ing  to  type  SS2  g i ve  i n formation  on  the  bearing  and  d istance  of  actual  
l i gh tn ing  strikes.  They f i nd  thei r  users  i n  compan ies  who  need  accurate,  real - time  i n formation  
for  safety  pu rposes  and  who  do  not  wan t  to  be  dependent  on  a  commercial  l i gh tn ing  detection  
network to  provide  them  wi th  the  data needed .  However,  the  users  shou ld  bear i n  m ind  that  
the  i n formation  from  these  sensors  i s  not  very accurate,  compared  wi th  mu l ti -sensor l i gh tn ing  
detection  networks.  

Li gh tn ing  detectors  of  type  SS3  may be  d i vided  i n  two  levels  of  qual i ty.  The  more  
soph isticated  sensors  have  elaborate  s i gnal  processing  on  board ,  determ in ing  the  d i stance  of  
the  l i gh tn ing  wi th  some accuracy.  Some types  also  use  opti cal  sensors  to  con fi rm  that  the  
s ignal  detected  i ndeed  i s  re lated  to  a  l i gh tn ing  flash .  

The  less  soph isti cated  sensors  use  a  s imple  measurement  of  the  s i gnal  s treng th  on  a  smal l  
an tenna and  have  on ly l im i ted  s i gnal  processing  on  board ,  g ivi ng  on ly  a  very crude  i nd ication  
of  l i gh tn i ng  acti vi ty  i n  the  l ocal  area.  They are  f i t  for pu rposes  of  general  i n terest  on ly  i n  
l i gh tn ing  activi ty  bu t  not  for l i gh tn ing  warn ing  pu rposes  whatsoever.  

B.4 Thunderstorm  detectors  evaluation  

For a  warn ing  system  to  be  accurate  and  effi cien t,  i t  i s  importan t  that  the  thunderstorm  
detector(s)  used  to  e laborate  the  warn ing  has  some  level  of  performance.  Several  methods  
can  be  used  i n  order to  veri fy  those  characteristics,  such  as:  

•  theoretical  calcu lations  based  on  the  system  con figuration  and  detection  techn ique;  

•  l aboratory tests;  

•  comparisons  between  d i fferen t  systems;  

•  experimental  val idati on  wi th  i nstrumented  towers  or  t ime-stamped  vi deo  or  p i ctu re  
record ings;  

•  in situ  val i dation .  

B.5  Choosing  a  thunderstorm  detection  system  

Accord ing  to  the  ri sk evaluation  presen ted  i n  Annex C  and  the  preventive  actions  described  i n  
Annex D ,  i t  i s  possible  to  choose  thunderstorm  detectors  i n  order to  bu i ld  a  TWS.  Depending  
on  the  warn ing  appl icati on  and  the  avai labi l i ty  o f  l i gh tn ing  i n formation ,  several  detecti on  
techn iques  can  be  su i table.  The  fi nal  decis ion  requ i res  a  detai led  analysis  of  the  warn ing  
needs  (necessary lead  t ime,  acceptable  fai lu re  to  warn  and  false  alarm  rati os) ,  the  al lowed  
budget  and  what  each  detection  techn ique  can  provide.  

As  an  example,  a  very good  descripti on  of  what  has  been  done  for  ai rport  safety  can  be  found  
i n  [4] .  
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Annex C 
( in formative)  

 
Examples of  appl ication  of  thunderstorm  warning  systems 

NOTE  I n  the  tabl es  i n  Annex C  the  re l evan t  se l ecti on (s)  i s /are  shown  wi th  a  wh i te  backg round .  The  sel ecti on (s)  
not  re l evan t  i s /are  shown  wi th  a  g rey backg round .  

C.1  Example n°  1  –  Telecommunication  tower 

C.1 .1  Step  1 :  Ident i fication  of  hazardous  si tuations 

I den ti fy  one  or  several  hazardous  s i tuati ons  among  the  d i fferen t  possibi l i t i es  of  Table  C. 1 .  I n  
case  of  a  s i tuati on  not  covered  i n  the  table,  se lect  “Other s i tuati ons”.  

Table  C.1  – Identi fication  of  hazardous  si tuations 

No.  Si tuation  

1  Peopl e  i n  open  areas  wi thou t  an  appropri ate  l i g h tn i ng  protected  shel ter  avai l abl e  (accord i ng  to  the  
I EC  62305  seri es  o r o ther I EC  s tandards) :  ou tdoor  acti vi t i es ,  sports  ( footbal l ,  go l f ,  e tc. ) ,  competi t i ons ,  
crowded  even ts ,  farm i ng ,  ranch i ng  or  f i sh i ng  acti vi t i es ,  beaches,  l e i su re  areas  

2  Safeguard  o f  sensi t i ve  goods:  compu ter system  s ,  e l ectri c  or  e l ectron i c  con tro l s ,  emergency,  al arm  and  
safety systems  

3  Losses  i n  operat i ons  and  i ndustri al  processes  

4  S tructu res  con tai n i ng  dangerous  substances  ( i n fl ammable ,  rad i oacti ve,  toxi c  and  explos ive  materi al s )  

5  Basi c  servi ces  whose  con ti nu i ty,  qual i ty  or  fast  recovery shal l  be  g uaran teed  ( te l ecommun icati ons,  energy 
generati on ,  transport  and  d i s tri bu ti on ,  san i tary  and  emergency servi ces)  

6  I n frastructu res:  ports ,  ai rports ,  rai l roads,  roads,  motorways  cabl eways  

7  Safety  at  workplace  (acti vi t i es  that  impl y a  r i sk at  workplace  i n  case  of  a  thunderstorm )  

8  Zones  that  need  ci vi l  o r  envi ronmen tal  protecti on :  preven ti on  o f  forest  f i res,  e tc.  

9  Bu i l d i ngs ,  transport  or  faci l i t i es  wi th  thei r  external  areas  open  to  the  publ i c  

1 0  Other  s i tuati ons .  

 

C.1 .2  Step 2:  Determination  of  type of  loss 

For each  selected  s i tuation  of  Table  C. 1 ,  evaluate  the  d i fferen t  l osses  concern ing  goods  
(Table  C.2) ,  services  (Table  C.3) ,  and  envi ronment  (Table  C.4)  to  determ ine  the  category of  
l oss  (A,  B,  C  or  –) .  

The  loss  of  human  l i fe  i s  not  considered  i n  th is  example.  

Table  C.2  – Loss  concern ing  goods 

Loss  Category of  l oss  

Dangerous  goods  (chem ical ,  expl os ive)  A  

No  l oss  – 
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Table  C.3  – Loss  concern ing  services 

Loss  Category of  l oss  

Loss  o f  val uable  servi ces  A  

Loss  o f  common  servi ces  B  

M i nor l osses  o f  servi ces  C  

No  l oss  – 

 

Vi tal  equ ipment  can  be  destroyed  by d i rect  and  nearby l i gh tn ing  thus  i n terrupting  the  service.  

Table  C.4  – Loss  concern ing  environment  

Loss  Category of  l oss  

Envi ronmen tal  d i saster  A  

Damages  to  envi ronment  B  

M i nor envi ronmen tal  damage  C  

No  l oss  – 

 

C.1 .3  Step  3:  Risk control  

The  l oss  of  human  l i fe  i s  not  considered  i n  th i s  example.  The  loss  of  goods  i s  neg l ig ible  and  
there  i s  no  l oss  concern ing  the  envi ronment.  The  l oss  concern ing  services  i s  i n  the  h ighest  
category and  therefore  th is  determ ines  the  se lection  of  l oss  severi ty  of  A i n  Table  C.5  wi th  
TWS very h igh ly  recommended .  

The  i nstal lation  of  a  TWS can  enable  action  to  be  taken  to  reduce  substan tial l y  the  l oss  of  
service  resu l ti ng  from  a d i rect  s trike  to  the  power l i nes  (by d i sconnecti ng  the  power supply 
from  the  external  network,  ensuring  that  there  i s  adequate  separation  d istance  to  avoid  
fl ashover of  any l i gh tn ing  curren t,  and ,  i f  avai lable,  connection  to  a  l ocal  s tandby generator) .  
However the  use  of  a  TWS cannot  assist  i n  reducing  the  ri sk aris ing  from  a  d i rect  s tri ke  to  the  
structu re.  

Table  C.5  – Risk control  

Severi ty of  the  l oss  (as  resu l t  of  Tables  C.3  to  C.4)  Implementation  of  adequate  TWS 

A Very h i gh l y  recommended  

B  H i gh l y  recommended  

C  Recommended  

– Not  recommended  

 

C.2  Example n°  2  – Gol f  course 

C.2.1  Step  1 :  Identi fication  of  hazardous  si tuations 

I den ti fy  one  or  several  hazardous  s i tuati ons  among  the  d i fferen t  possibi l i t i es  of  Table  C.6.  I n  
the  case  of  a  s i tuati on  not  covered  i n  the  table,  se lect  “Other s i tuations”.  
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Table  C.6  – Identi fication  of  hazardous  si tuations 

No  Si tuation  

1  People  i n  open  areas  wi thou t  an  appropri ate  l i g h tn i ng  protected  she l ter  avai l abl e  (accord i ng  to  the  
I EC  62305  seri es  o r o ther I EC  s tandards) :  ou tdoor acti vi t i es ,  sports  ( footbal l ,  go l f ,  e tc. ) ,  competi t i ons,  
crowded  even ts ,  farm i ng ,  ranch i ng  or  f i sh i ng  acti vi t i es ,  beaches,  l e i su re  areas  

2  Safeguard  of  sens i t i ve  goods:  compu ter  systems,  e l ectri c  o r  e l ectron i c  con tro l s ,  emergency,  a l arm  and  
safety systems  

3  Losses  i n  operati ons  and  i n dustri al  processes  

4  S tructu res  con tai n i ng  dangerous  substances  ( i n fl ammable ,  rad i oacti ve,  toxi c  and  expl os i ve  materi al s)  

5  Basi c  servi ces  whose  con ti nu i ty,  qual i ty  o r  fast  recovery shou l d  be  g uaran teed  ( te l ecommun icati ons ,  
energy generati on ,  transport  and  d i stri bu ti on ,  san i tary  and  emergency servi ces)  

6  I n frastructu res:  ports ,  ai rports ,  rai l roads,  roads,  motorways,  cabl eways  

7  Safety  at  workplace  (acti vi t i es  that  impl y a  r i sk at  workplace  i n  case  o f  a  thunderstorm )  

8  Zones  that  need  ci vi l  o r  envi ronmen tal  protecti on :  preven ti on  o f  fo rest  f i res,  e tc.  

9  Bu i l d i ngs ,  transport  or  faci l i t i es  wi th  thei r  external  areas  open  to  the  publ i c  

1 0  Other  s i tuati ons  

 

C.2.2  Step 2:  Determination  of  type of  loss 

For each  selected  s i tuation  of  Table  C.6,  evaluate  the  d i fferen t  l osses  concern ing  people  
(Table  C.7) ,  goods  (Table  C.8) ,  services  (Table  C.9)  and  envi ronment  (Table  C. 1 0)  to  
determine  the  category of  l oss  (A,  B,  C  or –) .  

Table  C.7  – Loss  concerning  people 

Loss  Category of  l oss  

Loss  o f  h uman  l i fe  A  

Seri ous  i n j u ri es  to  peopl e  B  

M i nor i n j u ri es  to  peopl e  C  

No  i n j u ri es  to  peopl e  – 

 

During  thunderstorm  activi ty,  there  i s  a  poten tial  l i gh tn ing  th reat  for  everyone  ou tside  i n  the  
open  area of  the  go l f  course.  Add i ti onal  i n formation  can  be  found  i n  [7] .  

Table  C.8  – Loss  concern ing  goods 

Loss  Category of  l oss  

Dangerous  goods  (chem ical ,  expl os i ve)  A  

No  l oss  – 

 

Table  C.9  – Loss  concern ing  services 

Loss  Category of  l oss  

Loss  o f  val uable  servi ces  A  

Loss  o f  common  servi ces  B  

M i nor l osses  o f  servi ces  C  

No  l oss  – 
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Table  C.1 0  – Loss  concern ing  environment  

Loss  Category of  l oss  

Envi ronmen tal  d i saster  A  

Damages  to  envi ronment  B  

M i nor envi ronmen tal  damage  C  

No  l oss  – 

 

C.2.3  Step  3:  Risk control  

The  loss  category A i n  Table  C.7  determ ines  the  TWS selection  ‘ very h igh ly  recommended’  i n  
Table  C. 1 1  

The  l oss  concern ing  people  can  be  reduced  by avoid ing  having  people  exposed  to  the  
l i gh tn ing  th reat.  

Table  C.1 1  – Risk control  

Severi ty of  the  l oss  
(as  resu l t  of  Tables  C.7  to  C. 1 0)  

Implementation  of  adequate  TWS 

A Very h i g h l y  recommended  

B  H i g h l y  recommended  

C  Recommended  

– Not  recommended  
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Annex D 
( in formative)  

 
Catalogue of possible recommended  preventive actions to  be taken  

Preventive  actions  resu l ti ng  i n  a  better knowledge  of  the  l i gh tn ing  and/or storm  e lectri fi cati on  
hazard  strong ly  depend  on  the  i nvolved  ri sk s i tuation .  These  actions  shou ld  therefore  be  
evaluated  and  appl ied  i n  a  detai led  plan  of  action .  

There  i s  a  g reat  variety  of  s i tuations  and  faci l i t i es  that  may need  the  implementati on  of  a  
thunderstorm  detection  system.  Thus,  the  actions  taken  from  an  analysis  resu l t ing  from  the  
preven tive  i n formation  g i ven  by th is  system  shou ld  be  speci fi cal l y  defined  by the  f i nal  user  or 
by  a  designer speci fi cal l y  focused  on  th is  implementati on .  

For th is  pu rpose,  what shou ld  be  taken  i n to  accoun t  i s  e i ther the  securi ty  and  emergency 
plans  or  the  possible  techn ical  mod i fi cations  to  be  carried  ou t  i n  processes  and  systems.  

I t  shou ld  be  kept  i n  m ind  that  decis ions  on  preven ti ve  actions  can  i nvolve  actions  (au tomatic,  
manual ,  acousti c,  e tc. )  systemized  i n to  thei r  own  processes.  

I n  order  to  g i ve  gu idance  on  possible  preventive  actions,  some example  d i rectives  that  cou ld  
be  implemented  from  the  preven tive  i n formation  g i ven  by the  detection  system  are  l i s ted .  
These  actions  have  a  l og ical  g rad ing  depending  on  the  severi ty  of  the  thunderstorm,  wh ich  
determ ines  the  acti vation  l evel  reached  by the  system:  

No alert  level :  

•  Normal  operation  i n  the  target  area 

Level  1  – Alert:  

•  Primary preventive  actions,  consisting  of  i n formati ve  notices,  for  example,  remote,  vi sual  
or acoustic  messages,  etc.  

•  Auxi l i ary power systems  can  be  acti vated  

•  Do  not  p lan  or s tart  acti vi t i es  i n  exposed  zones  

Level  2  – Emergency:  

•  Secondary preven ti ve  acti ons  

•  Auxi l i ary  power systems can  be  acti vated  

•  Cri t i cal  and  sensi ti ve  systems  can  be  d isconnected  

•  Possible  evacuation  of  exposed  zones  to  safe  areas  protected  by an  LPS 

•  Check that  previous  actions  have  al ready been  engaged  effi cien tl y 

•  Fo l l ow up  the  evolu tion  of  l i gh tn ing  acti vi ty  

•  No  add i t ional  action  when  previous  actions  are  al ready engaged  

Level  3  – End  of  alert:  

•  Back to  normal  operation  i n  the  target  area 

•  When  an  LRE  has  occurred ,  i nspect  the  state  of  the  LPS  depend ing  on  the  regu lati ons  

The  procedure  i s  summarized  i n  the  fl ow chart  g i ven  i n  Figu re  D . 1 .  
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Figure D.1  –  Procedure  flow chart  
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Annex E 
( in formative)  

 
Example of TWS evaluation  on  a  wind  turbine si te  

I n  th is  example,  l i gh tn ing  data are  used  to  tri gger  the  warn ings  and  also  to  evaluate  the  
effi ciency of  the  alarms  by checking  what real l y  occurred  at  the  s i te  l ocati on .  Figu re  E . 1  
shows  the  CG  l i gh tn i ng  acti vi ty  5  km  around  the  s i te  for  a  period  of  e i gh t  years.  

NOTE  A d i f feren t  approach  can  be  u sed  for  TWS  of  c l ass  A.  

 

Figure  E.1  – Lightn ing  activi ty around  the  si te  for  a  period  of  eight  years  

The  target  area i s  a  ci rcu lar  area of  1  km  rad ius  around  the  s i te.  The  surround ing  area (SA)  i s  
assumed  to  be  a  ci rcle  of  5  km  rad ius  around  the  s i te  (same  area as  d isplayed  i n  Fi gu re  E . 1 ) .  
The  mon i toring  area (MA)  consists  also  of  a  ci rcu lar area around  the  s i te.  

I n  th is  example  the  varying  parameters  are  as  fo l lows:  

•  rad ius  of  the  mon i toring  area (MA)  (1 0  km ,  1 5  km  and  20  km) ;  

•  tri ggering  cri teria (number of  f lashes  and  t ime  between  flashes) ;  

•  dwel l  t ime  (DT)  (1 0  m in ,  20  m in ,  30  m in ) .   

Al l  resu l ts  are  presen ted  i n  Table  E . 1 .  

IEC  
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Table  E.1  – Resu l ts  of  TWS evaluation  based  on  arch ived  l ightn ing  data  for 
an  8-year period  (2000  to  2007),  when  some of  the  key parameters  

(size  of  MA,  trigger parameters  and  dwel l  t ime)  were  varied  

Rad ius  MA 
(km)  

Number  of  
fl ashes   

to  tri gger  
alarm  

Time 
between   

strokes  for  
tr i ggering  

(ms)  

Dwel l  t ime  
(DT)  
(m i n )  

Number  of  
a l arms 

(FA +  EA)  

EA FTW FA 
FAR  
(%)  

FTWR 
(%)  

POD
1 0  

(%) a
 

20  2  5  30  285  1 02  1  1 83  64  1  89  

1 5  2  5  30  220  1 02  2  1 1 8  54  2  85  

1 0  2  5  30  1 45  1 02  4  43  30  4  73  

20  1  5  30  571  1 02  1  469  82  1  93  

20  2  5  30  285  1 02  1  1 83  64  1  89  

20  3  5  30  229  1 02  2  1 27  55  2  93  

20  5  5  30  1 65  1 02  5  63  38  5  88  

20  2  2  30  264  1 02  2  1 62  61  2  93  

20  2  4  30  281  1 02  1  1 79  64  1  89  

20  2  5  20  321  1 02  1  21 9  68  1  89  

20  2  5  1 0  420  1 02  2  31 8  76  2  86  

a  POD
1 0
 i s  the  percen tage  of  al arms  de l i vered  wi th  a  l ead  t ime  o f  more  than  1 0  m i n .  
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Annex F 
( in formative)  

 
How to  test  thunderstorm  detectors 

F.1  General  

Annex F  on ly  appl ies  to  ou tdoor thunderstorm  detectors.  Annex F  does  not  apply  to  TWS 
where  main tenance  i s  the  du ty  of  the  TWS operator and  does  not  cover software  and  i ndoor  
hardware.  A more  complete  Annex deal ing  wi th  the  testing  of  TWS i s  under considerati on .  

F.2  Laboratory tests  

F.2.1  General  

F.2.1 .1  General  cond i tions  for the  tests  

Tests  are  carried  ou t  wi th  the  specimens  assembled  and  i nstal led  as  i n  normal  use,  accord ing  
to  the  manufacturer’s  or  suppl ier’s  i nstructi ons.  The  sensor i s  tested  and  the  remote  con tro l ,  
when  i t  i s  needed  for  some tests,  shal l  be  l ocated  i n  the  con trol  room  of  the  laboratory,  un less  
otherwise  speci fied  by the  manu facturer.  

Al l  tests  are  carried  ou t  on  new specimens  un less  otherwise  speci fied .  

One  specimen  i s  subjected  to  the  tests.  The  requ i rements  are  satisfied  i f  al l  the  tests  are  met.  
I f  the  specimen  does  not  satisfy  a  test  due  to  an  assembly or  a  manu facturing  fau l t,  that  test  
and  any preced ing  test  wh ich  may have  i n fl uenced  the  resu l ts  of  the  test  shal l  be  repeated .  
The  tests  wh ich  fo l l ow shal l  al so  be  carried  ou t  i n  the  requ i red  sequence  on  a  set  o f  3  
specimens,  al l  o f  wh ich  shal l  comply wi th  the  requ i rements.  

F.2.1 .2  Identi fication  of  the  sensor or  assembly (sensor +  cable  +  remote control )  
submitted  for  testing  

The  detectors  submi tted  for  testi ng  shal l  be  i den ti fi ed  by means  of  the  fo l lowing  e lements:  

•  marks  and  i nd ications;  

•  assembly i nstructions  wi th  reference  and  date.  

F.2.1 .3  Assembly of  the  detectors  

The  detectors  shal l  be  moun ted  i n  accordance  wi th  the  i nstructions  speci fied  by the  
manu factu rer i n  h i s  assembly i nstructi ons.  

F.2.1 .4  Condi tions  of  ambient  temperature and  moisture 

Un less  otherwise  speci fi ed ,  the  tests  are  carried  ou t  at  an  ambien t  temperatu re  rang ing  
between  5  °C  and  35  °C  and  shal l  not  vary du ri ng  the  durati on  of  tests  by more  than  30  K.  
The  detectors  shal l  be  protected  from  heating  or  an  excessive  external  cool i ng .  

F.2.2  Resistance to  UV rad iation  tests  (for  non-metal l ic  sensor housing )  

Non-metal l i c  sensor housings  for  ou tdoor appl i cation  shal l  wi thstand  UV effects.  

I n  order  that  a  sensor meets  the  requ i rements  of  th is  standard,  envi ronmental  tests  shal l  be  
carri ed  ou t  accord ing  to  I EC  62561 -4  [1 0 ] .  Th is  test  i s  necessary for detectors  designed  to  be  
i nstal led  ou tdoors  or  i n  speci fi c  envi ronments.  
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One  sensor shal l  be  assembled  and  moun ted  ri g id l y  on  an  i nsu lati ng  plate  (e . g .  brick,  Teflon)  
i n  accordance  wi th  the  manu facturer’s  i nstal lation  i nstructions.  

The  specimen  shal l  be  subjected  to  an  envi ronmental  test  consisti ng  of  an  u l tra vio let  l i gh t  
test  as  speci fi ed  i n  I EC  62561 -4.  

Passing  cri teria  

The  specimen  i s  deemed  to  have  passed  th i s  part  o f  the  test  i f  there  are  no  s i gns  of  
d i s in tegration  and  no  cracks  vis ible  to  normal  or  corrected  vis ion .  

F.2.3  Resistance tests  to  corrosion  (for metal l ic  parts  of  sensor)  

The  specimen  used  for  F. 2 .2  shal l  be  subjected  to  corrosion  tests  accord ing  to  I EC  62561 -1  
[9 ]  consisti ng  of  a  sal t  m ist  treatment  fo l lowed  by a  humid  su lphurous  atmosphere  treatment.  

Passing  cri teria  

After the  parts  have  been  dried  for  1 0  m in  i n  a  d rying  oven  at  a  temperatu re  of  1 00  °C  ±  5  °C,  
they shou ld  not  presen t  any trace  of  rust  on  su rfaces.  

One  does  not  take  i n to  accoun t  traces  of  rust  on  the  edges,  nor  a  ye l lowish  vei l  d i sappearing  
by s imple  fri ction .  Wh i te  rust  i s  not  considered  as  corrosive  deterioration .  

F.2.4  Mechanical  tests  

The  specimen  used  for  F. 2 .3  shal l  be  stressed  th ree  t imes  by a  mechan ical  test.  

The  sensor i s  subjected  to  mechan ical  test  by  applyi ng  mechan ical  impacts.  

The  impacts  are  carried  ou t  on  the  accessible  parts  of  the  sensor wh ich  may be  mechan ical l y  
stressed  acciden tal l y.  

The  specimen  i s  assembled  under i ts  normal  operating  cond i t ions  speci fi ed  i n  the  
manu factu rer’s  documentation .  

Testing  device 

The  sensor i s  mounted  on  a  pendu lum  hammer test  apparatus  accord ing  to  C lause  4  of  
IEC  60068-2-75:201 4.  The  striking  e lement  material  shal l  be  po lyamide  accord ing  to  Table  1  
of  I EC  60068-2-75:201 4,  i ts  mass  shal l  be  200  g  accord ing  to  Table  2  of  
IEC  60068-2-75:201 4.  

Test  procedure 

The  hammer i s  al l owed  to  fal l  from  a he igh t  o f  200  mm  so  that  one  impact  on  each  s ide  i s  
appl i ed  as  far as  possible  perpend icu lar to  the  leng th  of  the  arrangement.  The  drop  heigh t  i s  
the  vertical  d i stance  between  the  posi ti on  of  the  poin t  o f  con trol ,  when  the  pendu lum  i s  
re leased ,  and  the  posi ti on  of  th is  po in t  at  the  t ime  of  the  impact.  

The  po in t  o f  con trol  i s  l ocated  on  the  surface  of  the  striking  part  where  the  l i ne  passing  by the  
poin t  o f  i n tersection  of  the  axes  of  the  steel  tube  of  the  pendu lum  and  the  part  of  stri king ,  
perpend icu lar to  the  plan  crossing  the  two  axes,  comes  i n to  con tact  wi th  the  surface.  

The  impacts  are  not  appl ied  to  the  d i splay window or to  connectors.  
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Passing  cri teria  

After the  test,  the  sensor shal l  show no  cracks  or  s im i lar  damage  vi s ible  to  normal  or 
corrected  vi s ion  wi thou t  magn i fi cation  and  shal l  not  present  damage  wh ich  can  poten tial l y  
affect  i ts  later use.  

F.2.5  Index of  protection  confi rmation  (IP  Code)  

IP  con fi rmation  shal l  be  performed  i n  accordance  wi th  I EC  60529  [1 2] ,  on  the  specimen  used  
for  F. 2. 4.  

Passing  cri teria  

The  specimen  shal l  be  i n  compl iance  wi th  I EC  60529  requ i rements.  

F.2.6  Electric  tests  

F.2.6.1  General  

After  the  test  F. 2 .5,  the  specimen  shal l  be  tested  wi th  the  fo l l owing  e lectric  tests.  

The  tests  are  carried  ou t  i n  accordance  wi th  I EC  61 1 80-1  [1 3] .  

F.2.6.2  Test  under DC electric  field  

The  sensor i s  moun ted  below a  testi ng  plate  wi th  d imensions  such  that  the  e lectric  f i e ld  i n  the  
area cen tered  below i t  i s  homogeneous  (variation  around  the  l i near e lectric  f i e ld  by less  than  
2  %) .  Th is  can  be  demonstrated  by a  s imu lation  or  by  measurement.  The  f ie ld  effect  at  the  
edge  of  the  plate  shou ld  be  taken  i n to  consideration  to  ach ieve  the  homogeneous  ru le.  

The  sensor shou ld  be  moun ted  as  i n  normal  use  and  shou ld  be  l ocated  so  that  i ts  h i ghest  
poin t  i s  at  1  m  above  the  g round  plate  l ocated  below the  testing  plate.  Use  of  wooden  support  
i s  al l owed  to  obtain  th is  d i stance  above  g round .  

The  testi ng  plate  shou ld  be  at  2  m  (so  1  m  above  the  h i ghest  po in t  of  the  sensor)  wi th  a  

to lerance  of  ±  1  cm .  

The  vol tage  appl i ed  on  the  plate  shou ld  be  a  DC  h igh  vo l tage  (negative  polari ty)  to  obtain  an  
electri c  f i e ld  at  sensor head  varying  from  1  kV/m  to  1 0  kV/m.  

The  vo l tage  i s  i ncreased  to  obtain  at  the  sensor head  1 0  values  equal l y  d istribu ted  between  
1  kV/m  and  1 0  kV/m.  

Detectors  are  moun ted  wi th  thei r  cable  and  attached  remote  con tro l .  

Passing  cri teria  

No detectors  shou ld  be  d istu rbed  by th is  test.  Th is  i s  checked  by mon i toring  the  data 
co l lected  on  the  remote  con tro l .  

A sensor that  does  not  l ead  to  a  val i d  i nd ication  (warn ing  or  measurement  of  e lectric  f i e ld  to  
meet  the  cri teria  defined  by the  manu facturer)  on  the  remote  con trol  for  that  test  shou ld  
provide  such  a  val i d  i nd ication  for  the  F. 2. 6.3  test.  Fai l u re  to  do  so  i s  considered  as  a  fai l u re  
of  that  test.  

Fai l u re  to  meet  one  or  more  of  these  cri teria  means  that  the  test  has  fai led .  
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F.2.6.3  Test  wi th  h igh  current  impu lse 

The  sensor i s  moun ted  as  i n  normal  use  and  located  at  l east  5  m  from  a  d ischarge  path  
created  between  two  electrodes  wi th  a  d i stance  of  at  l east  1  m  between  them  and  wi th  a  Marx 

generator,  organ ized  i n  such  a way that  the  impu lse  cu rren t  meets  the  cri teria  of  a  8/20  µs  
shape.  

The  sensi t ivi ty  of  the  sensors  shou ld  be  tested  i n  a  l aboratory able  to  generate  
e lectromagnetic  f i e lds  accord ing  to  the  manu facturer's  speci fi cations.  

Passing  cri teria  

No  detectors  shou ld  be  d istu rbed  by th is  test.  Th is  i s  checked  by mon i toring  the  data 
col lected  on  the  remote  con tro l .  

A sensor that  does  not  l ead  to  val i d  e lectri c  i nd icati ons  (accord ing  to  the  manu factu rer’s  
speci fi cations)  on  the  remote  con trol  for  that  test,  i t  shou ld  provide  such  a  val i d  i nd ication  for  
the  test  mentioned  i n  F. 2. 6. 2.  Fai l u re  to  do  so  i s  considered  as  a  fai lu re  of  that  test.  

Fai l u re  to  meet  one  or  more  of  these  cri teria  means  that  the  test  has  fai led .  

F.2.7  Marking  test  

Al l  specimens  used,  and  complying  wi th  the  tests  of  F. 2 .6,  shal l  be  subjected  to  marking  
tests.  

Appl icabi l i ty 

Marking  made  by mold ing ,  pressing  or  engraving  i s  not  subjected  to  th i s  test.  

Marking  test  

The  marking  i s  checked  by i nspection  and  by rubbing  i t  by  hand  for  1 5  s  wi th  a  p iece  of  cloth  
soaked  wi th  water and  again  for  1 5  s  wi th  a  piece  of  cloth  soaked  wi th  wh i te  spi ri t.  

Passing  cri teria  

After the  test  the  marking  shal l  be  l eg ible.  Marking  shal l  al l ow the  i den ti fi cation  of  the  sensor.  
I t  shou ld  not  be  possible  to  remove  the  labels  easi l y.  

F.2.8  Electromagnetic  compatibi l i ty (EMC)  

F.2.8.1  Electromagnetic  immuni ty 

Detectors  shal l  fu l fi l  the  requ i rements  of  I EC  61 000-6-4  [1 4] .  

F.2.8.2  Electromagnetic  emission  

Detectors  shal l  fu l fi l  the  requ i rements  of  I EC  61 000-6-4.  

F.3  Optional  tests on  an  open  ai r  platform  under natural  l ightn ing  condi tions 

Due  to  the  d i ff i cu l ty  i n  represen ting  the  l i gh tn ing  cond i ti ons  i n  a  l aboratory,  the  design  and  
use  of  a  thunderstorm  detector  shou ld  be  val idated  e i ther by f i e ld  appl ication  under a  val i d  
testi ng  scheme,  us ing  i f  possible  th i rd  party  approval ,  or  to  test  i t  on  an  open  ai r  platform.  
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The  platform  shou ld  be  l ocated  i n  an  area prone  to  l i gh tn ing ,  as  the  testi ng  period  shou ld  not  
exceed  one  year ( i deal l y  s i x  mon ths) .  A typical  s i te  shou ld  have  a  yearly average  number of  
thunderstorm  days  of  twen ty or  above  (see  IEC  62858-1  [1 6]  for  ad justi ng  testing  period  to  the  
l i gh tn ing  activi ty  of  the  s i te) .  

A l i gh tn ing  mon i toring  system  shou ld  be  used  by th i s  platform  as  a  reference.  Th is  mon i toring  
system  shou ld  be  val idated  by other means  ( to  be  determ ined  and  j usti fi ed  by the  open  ai r  
l aboratory team,  for  example  the  parameters  of  the  reference  system  may be  checked  under 
tri ggered  l i gh tn ing  cond i t i ons)  and  wi l l  be  used  as  a  reference  for  the  experiment.  I t  may be  a 
proven  system,  to  be  used  as  a reference  to  compare  the  other thunderstorm  detectors.  I t  i s  
also  possible  to  make  i n ter-comparison  of  two  thunderstorm  detectors  and  to  see  how they 
react  under the  same  even t.  

The  l i gh tn ing  mon i toring  system  shou ld  have  a  known  effi ciency for  l i gh tn i ng  detection ,  
i nclud ing  as  far  as  possible  i n tra-cloud  d ischarges.  Abi l i ty  to  l ocate  cloud-to-g round  
d ischarges  and  determ ine  the  ratio  of  i n tra-cloud  d i scharges  to  al l  d i scharges  wi l l  al l ow the  
system  to  determ ine  the  early  warn ing  capaci ty  of  tested  thunderstorm  detectors  as  wel l  as  
the  fai lu re  rate.  The  location  accuracy shou ld  be  at  l east  500  m .  Th is  i s  to  be  demonstrated  by 
the  open  ai r  l aboratory team  using  g round  tru th  data.  I f  i n tra-cloud  d ischarges  are  detected  by 
the  device  under test,  then  i t  shou ld  al so  be  detected  by the  l i gh tn ing  mon i tori ng  system  

Th is  reference  l i gh tn ing  mon i toring  system  shou ld  also  provide  the  l i gh tn ing  densi ty  i n  the  
g iven  area at  the  g iven  t ime.  Using  analyz ing  tools ,  i t  shou ld  be  possible  to  forecast  the  
d i recti on(s)  o f  movement  of  thunder clouds  wi th  a  h i gh  l evel  o f  con fidence.  

The  thunderstorm  detectors  under test  shou ld  be  l ocated  on  an  open  ai r  platform  i n  cond i ti ons  
defined  by the  manu factu rer.  

There  are  a l o t  o f  i n fl uencing  factors  on  the  e lectri c  f i e ld .  D istincti ve  d i fferences  of  mon i toring  
data between  d i fferen t  thunderstorm  detectors  also  exist.  So  i t  i s  cl ear  that  false  warn ings  and  
m issed  warn ings  wi l l  occu r.  For  example,  Figure  F. 1  shows  the  variati on  cu rve  of  the  e lectric  
fi e ld  measured  by two  d i fferen t  thunderstorm  detectors  (A and  B)  du ring  the  same  l i gh tn ing  
even t.  I n  th is  example,  the  t ime  scale  i s  d i fferen t  for  the  two  detectors.  
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Figure  F.1  – Di fference in  electric  field  measurement   
during  one  thunderstorm  event  

I t  i s  noted  that,  even  i n  fai r  weather,  the  fi e l ds  recorded  are  not  always  exactly  the  same.  I n  
the  case  of  thunderstorms,  the  d i fference  becomes  g reater.  The  software  and  techn iques  
used  by the  thunderstorm  detectors  i s  proprietary bu t  the  warn ing  provided  to  the  user shou ld  
be  s im i lar  or at  l east  consisten t  wi th  what  i s  declared  i n  the  thunderstorm  detector data sheet.  

For example,  during  the  above  even t,  there  were  obvious  d isti nctions  between  data from  the  
two  devices  under test.  The  maximum  and  m in imum  values  of  the  e lectri c  fi e l d  observed  by 
one  of  them  was  +2,5  kV/m  and  –1 2,7  kV/m  respecti vely,  wh i le  for  the  other they were  
rang ing  between  +1 7  kV/m  and  –1 7  kV/m  respectively,  as  can  be  seen  i n  Figu re  F. 1 .  The  
basic  test  for  a  thunderstorm  detector  i s  to  check i f  the  even ts  recorded  by the  thunderstorm  
detector under test  are  consisten t  wi th  the  even ts  recorded  by the  reference  system.  Fai l u re  
to  do  so  regu larl y,  wi l l  g i ve  an  i nd ication  of  the  i nabi l i ty  o f  the  thunderstorm  detector to  
perform  as  announced .  Thus,  many even ts  are  needed  and  i t  i s  foreseen  that  at  l east  1 0  
thunderstorm  events  are  needed  to  val idate  the  operational  qual i ty  of  the  thunderstorm  
detector.  Th is  means  that  the  testing  du rati on  i s  usual l y  between  s i x  mon ths  to  one  year.  I t  
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may be  extended  after ag reement  between  the  laboratory and  the  manu facturer  of  the  
thunderstorm  detector  under test.  

False  warn ings  may occur and  also  need  to  be  evaluated .  Even  i f  the  measuring  system  i s  the  
same,  the  e lectron ic  treatment  and  numerical  treatment  may d i ffer,  l ead ing  to  d i fferen t  
conclusions  and  to  d i fferen t  l evels  of  re l iabi l i ty.  

Parameters  measured  at  the  open  ai r  testing  platform  are  as  fo l lows:  

•  LT 

•  PODx  

•  FAR 

•  FTWR 

These  parameters  shou ld  be  re lated  to  the  area defi ned  by the  manu factu rer’s  data sheet.  
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