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L ightning is  o ne of  natu re's  mo st  recurrent  and common weath e r  s pe ctacle s.  The re
are  mil l ions  of  l ightn ing f las hes  around the world  each day,  and l ightning str ikes
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have started wi ldf i res ,  stru ck and destroyed trees,  and e ven cau sed i nju r y  and death
to humans and a n imals .  

R ick  Rootse y  is  th e  l ig htn in g  subject  matter  expert  for  the  Tempest  L ightning
Network and D irecto r  of  En g i neer ing for  TOA,  a  leading global  l i gh tni ng dete ct ion
compan y based in  F lor ida.  We  talked to  Rick  about  the  power  of  l i gh tni ng and
l ightn ing detect io n tech no log y.  

Q: HOW DID YOU GET STARTED IN THE LIGHTNING BUSINESS?  

A :  I  earn ed my degree in  Co mputer  Science in  1990 f rom the Unive rs ity  of  Ce ntral
Flor ida.  In i t ia l ly,  I  wa s  working o n large -scale  communicat ion s y stems  as  an
engin eer.  Whi le  th ere,  I  wo rked with  the founders  of  TOA on Time Di f fe rence of
Arr ival  t racking o f  radio s  a n d  cel l  phones  -  back when e ver ything was  analog.  After
that ,  I  cont inued to  do work in  the  Time Di f ference of  Arr ival  world  on s i m i lar
techno logies.  I  j o ined TOA  in  2 0 0 9  and led the engineer ing team  in  advancing their
l ightn ing products .  S in ce pa r t ner ing with  WeatherFlow-Tempest ,  we have be en
integrat ing tech no logies  to  b ecome the backbone of  the  ne w Te m pe st  L i gh tning
Network ,  which la u n ched j ust  this  week .

Q: CAN YOU EXPLAIN WHAT CAUSES LIGHTNING AND DESCRIBE THE POWER
OF A SINGLE LIGHTNING STRIKE?  

A :  In  the  case  of  l ig h tn in g ,  you've  got  a  c loud that  has  a  bunch of  charge s  on ice
cr y stals  that  are  formin g  and moving around within  i t .  A s  the y  str ike  each oth er,
some charges  are  exchanged between these ice  part ic les .  The pos i t ive ly  charged
part ic les  tend to  r is e  to  the  top o f  the  c loud,  and the negat ively  charge d part ic les
drop to  the  bottom.  Ty pical ly,  the  ground below has  a  posit ive  ch arge as  we l l .  So
there  is  a  con tra st  b etween  the bottom of  the  c loud and the grou nd w here  thos e
cha rges  are  so  di f ferent  that  the y  are  attracted to  each other.  Once th e  ch arge
become so di f feren t ,  th e y  fo rm a  connect ion -  and that 's  how l ightning i s  formed.  

The co nnect ion is  establ is h ed by  t he negat ively  charged ions  dropping toward th e
gro und and the po s it ive  io n s  mov ing up at  the  ver y  end from the ground.  Once those
con nect ,  you get  th is  hu ge f low o f  e lectrons  through that  ionized channe l ,  and that 's
when you see l ig htn in g .  I t 's  a  huge,  massive  amount  of  energ y  th at 's  dis charge d
between  the c lo ud and the ground in  a  ver y  short  per iod.   

A s  far  as  strength  go es,  that 's  h ighly  dependent  on how much ch arge i s  i n  th e  c loud
and how high the c lou d is  above the ground,  but  i t  can range any w here  f rom  f ive  or
ten  k i loamps of  charge,  a  typica l  l ightning str ike  between the c lou d and th e  ground



can  be aro und 2 5  to  3 0  k i loa mps,  and extremely  large l ightning str i kes  can e ven be in
the hundreds  of  k i loa m ps .  So extremely  powerful .

Q: AND HOW IS LIGHTNING TYPICALLY DETECTED?  

A :  When l ightn ing occu rs  -  when that  big  discharge happens dow n th e  ioni ze d
cha nnel  -  i t  essent ial ly  acts  l ike  a  large  transmitt ing  antenna.  Bu t  i nstead of  a  radio
signal  being propagated thro ugh to  play  music  or  something,  i t 's  th i s  one huge
dis charge of  energ y.  A nd i t  pro duces  a  massive  RF (Radio  Frequenc y)  s ignal  th at  gets
gen erated with  mo st  o f  the  energ y  down and what  we cal l  the  VLF,  or  LF  (ve r y  low
frequenc y or  low- frequ en c y)  range,  which then propagates  out  f rom  that ,  s i mi lar  to  a
transmission tower.  Ou r  senso rs  detect  that  s ignal .  I f  you've  e ve r  been in  a  car
l istenin g to  AM ra dio  dur in g  a  l ightning storm,  you probably  heard th e  cracks  and
pops of  l ightnin g  happening;  that 's  ef fect ively  the  s ignal  that  we're  picking up on
the sensor.

Q: CAN YOU EXPLAIN THE DIFFERENCE BETWEEN CLOUD-TO-GROND AND
GROUND-TO-CLOUD STRIKES? NAMELY, WHICH ONE SHOULD PEOPLE BE
MORE CONCERNED ABOUT?  

A :  Basical ly,  a  c loud-to -ground st r ike  is  when the transfer  of  charge  is  goi ng betwe en
the c loud and th e grou nd.  A nd a  c loud-to -cloud str ike  is  one wh e re  two s e parate
clouds are  disch a rg in g  to  each other  because there's  a  di f ferent ial  betwe e n th e
clouds.  There's  a lso  in tra - cloud,  another  form of  c loud-to -cl oud w here  one  port i on
of  the  c loud trans fers  charge to  a nother  port ion of  the  same storm clou d.   

C loud-to - clo ud str ikes  are  not  dangerous  to  people  on the grou nd,  th ough the y can
indicate  that  a  c loud-to -grou nd st r ike  is  about  to  happen.  But  the  c lou d-to -ground
str ikes  are  what  people  need to  b e ver y  careful  of  s ince the y can be  ve r y  dange rous
for  humans and anima ls  a nd ver y  damaging to  equipment  and oth e r  things  on or  in
con tact  with  the g rou n d.

Q: YOU PREVIOUSLY MENTIONED TIME OF DIFFERENCE OF ARRIVAL (TDOA).
CAN YOU EXPLAIN THAT TECHNIQUE?  

A :  When our  sens ors  pick  u p a  l ig htning s ignal ,  each one has  an extre m e ly  accurate
t ime referen ce.  So wh en  th e s ignal  arr ives,  i t  determines  the exact  t i m e  that  th at
s ignal  arr ives  with  th at  sensor.  So  that 's  the  t ime of  arr ival  on that  sensor.  Whe n you
have two sensors  th at  pick  up the t ime of  arr ival  on each one,  th e re  i s  a  di f ference of
t ime between  the two,  an d that  is  the  Time Di f ference of  Arr ival .  Mathematical ly,  i f
you have a  di f ference in  t ime o f  arr ival ,  you can calculate  the  m athematical  e quati on



for  a  hyperbola  between the t wo  sensors.  So adding a  third  sens or  g i ves  you two sets
of  hyperbolas.  An d th e in ters ect ion of  those hyperbolas  is  where  the sou rce  s ignal
came f rom,  or  in  this  cas e,  where  the l ightning str ike  occurred.  So th e  big  advantage
of  T ime Di f feren ce o f  A rr iva l  is  that  no matter  what  the  distance  is ,  the  calculat i on
remain s  accurate.  I t  does n 't  s uf fer  f rom some of  the  issues  of  d i rect i on f i ndi ng,  a
common way to  determ in e distance or  locat ion by  other  l ightning providers .

Q: SO THE MORE SENSORS YOU HAVE, THE MORE ACCURATE THE READING?  

A :  Correct .  Not  only  do you  h ave the abi l i ty  to  detect  more e vents ,  bu t  you  h ave  m ore
geo metr ic  opt ions  to  ch oo s e f ro m to  opt imize  the geometr y  of  th e  calcu lat ion to  get
an e ven mo re a ccurate  lo cat io n.

Q: WHAT ARE SOME OF THE CHALLENGES OF LIGHTNING DETECTION?

A:  The biggest  chal lenge is  bui lding the network .  You can't  locate  l i gh tni ng with  a
s in gle  sensor.  Yo u real ist ica l ly  need at  least  f ive  sensors  to  perform  the calculat i on
with  a  certain  le vel  o f  conf idence.  So,  to  bui ld  a  network ,  you have to  start  with  a
minimum n umber  o f  sens ors  a nd t hen bui ld  i t  out  f rom there.  We typical ly  t r y  to
locate  our  TOA s ens ors  a bout  100 k i lometers  apart ,  so  not  only  do we  h ave  to  get  the
sen sors  out  there,  b ut  we need to  f ind locat ions  where  the sensors  can be  instal led
to opt imize  the geometr y  of  t he  overal l  system you're  tr y ing to  create .

Q: WHO IN PARTICULAR BENEFITS FROM LIGHTNING DETECTION?

A:  The biggest  g ro u p th at  ben ef i ts  f rom l ightning data  are  thos e  taske d with  ensu ri ng
publ ic  safety.  This  is  of ten  peo ple  that  are  in  charge of  safety  for  sh i ppi ng term inals ,
tarmacs  at  a irpo rts ,  shipping po rts ,  or  anywhere there's  going to  be  pe ople  th at  work
and play  in  poten t ia l ly  adverse  weather  condit ions.  You can load a  plane  with  cargo
in  the rain,  but  i f  l igh tn in g  is  present ,  you need to  get  e ver ybody to  safety.   

The most  importan t  a nd usef ul  benef i t  of  having high-qual i ty  l ightning data  is  that
you can see where  i t 's  coming  f ro m and how i t 's  moving,  and you  can m ake  the
decis ions  to  s a ve l ives  a n d protect  assets .  There  are  other  purpos e s,  l ike  h i stor ical
data  for  insura n ce co mpan ies,  which enable  them to  val idate  c la ims .  For  exam ple ,
when somebody repo rts  that  the y  had a  f i re  caused by  l ightning,  the  i ns urance
compan y can va l idate(o r  inva l idate)  that  c la im in  part  by  looking at  the  l ightning
data.  And,  o f  cou rs e,  n e ws  o rganizat ions  and mobi le  apps that  broadcast  weathe r
data  l ike  to  show l igh tning repo rts ,  and a  lot  of  other  weather  enth us i asts  a lso  l ike
sharin g that  k ind o f  info rm atio n.



Q: AND SPEAKING OF LIGHTNING DETECTION, IS THERE A USE CASE FOR
LIGHTNING DETECTION THAT HAS SURPRISED YOU?  

A :  There  has  been so me res earch into  how to  correlate  l ightning act i v i ty  w i th  certai n
ty pes  of  weather  a ct iv i ty,  suc h as  hai l .  I  was  e ven talk ing with  somebody th i s
morn in g abou t  the  e ye wa l l  de velo pment  of  a  hurr icane.  L ightni ng act iv i ty  a long the
e ye wal l  changes  at  di f feren t  t imes,  so  you' l l  get  a lmost  no l igh tni ng for  a  whi le ,  and
then you' l l  get  a  la rge  amount  o f  l ightning on the e ye wal l .  There's  a  lot  of  i nterest  i n
f indin g o ut  i f  there  is  a  correlat ion there.  For  example,  is  there  m ore l ightning du ri ng
the regenerat io n  o f  the  e ye wal l?   

The in terest ing thing abo u t  l ight ning is  that  we can detect  i t  m uch  farther  than radar
can ,  so  i f  there  is  a  storm ou t  in  the  At lant ic  or  a  typhoon on the oth e r  s i de  of  th e
world,  you'd  be able  to  determine what's  happening within  that  h urr icane bas ed on
l ightn ing act iv i ty.

Q: FOR THOSE WHO ARE NOT FAMILIAR, CAN YOU EXPLAIN WHAT THE
TEMPEST LIGHTNING NETWORK IS?  

A :  The Tempest  L ig h tn in g  Netwo rk is  a  g lobal  network of  sensors  capable  of
detect ing in div idua l  l ightning st r ikes  and providing an accurate  locat ion of  where
that  l ightning str ike  o ccu rred.  This  works  over  fa ir ly  large  distance s.  So,  for  instance ,
we can detect  l ig h tnin g  th ousands of  k i lometers  away from the nearest  s e ns or.  Th e
Tempest  Weather  System's  l ig htning sensor  is  ver y  ef f ic ient  at  dete ct ing local
act iv i ty  and determining a  ra nge,  but  i t  doesn't  necessar i ly  provide th e  pre cise
locat ion o f  the  str ike.

Q: WH ERE'S THE C RA ZI EST PLACE YOU'VE INSTALLED A LIGHTNING SENSO R?  

A :  On e of  the  mo st  in terest in g sensors  we've  instal led was on Penrhyn Is land i n  the
Cook Is lan ds.  I t 's  this  t in y  ato l l  in  the  middle  of  the  South Paci f ic  th at  h as  v irtual ly
no lan dmass  to  i t .  A n d to  get  o ur  sensor  there,  we had to  send a  guy th at  h ad to  wai t
a  week  to  get  o n  a  boat .  And o nce he got  to  the  is land,  he  had to  wait  another  week
to get  back of f  the  is la nd b ecause the y only  send boats  there  once a  week .  A nd that
sen sor  run s  exclusively  on  s o l a r  power  and a  diesel  generator,  and i t  u ses  s ate l l i te
communicat ions  for  data  tra n sfer.  I t 's  t ruly  in  the  middle  of  nowh e re.  I 'd  love to  go
to that  one.  Just  to  see  th is  l i tt le  remote atol l .

Lea rn more abo ut  the  Te mpest  Lightning Network and how you can stay safe when
lightning is  close  by.  
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 - OTHER WEATHER NEWS -

SOLUTIONS FROM COP27  

Hundreds o f  leaders  f ro m a round the world  gathered in  Sharm el -Sheikh ,  Eg ypt ,
ear l ier  this  mo n th  to  discus s  g lobal  ef forts  to  reduce greenhou se gas  e m i ss i ons  and
f inance the costs  o f  c l imate  change.  A s  extreme natural  d isasters  becom e  more
common,  more destru ct ive,  and more deadly,  c l imate  change is  be coming m ore
important  than e ver  fo r  ma ny nat ions  around the world.   
Read M ore >> >

CLIMATE CHANGE IS AFFECTING LIGHTNING PATTERNS   

A recent  study expla in s  that  c l imate  change could alter  l ightning patte rns  across
parts  of  Northern a n d centra l  Euro pe.  Researchers  f rom Ne wcast le  Unive rs i ty  and
Met  Off ice  fo un d that  more f requent ,  h igher  energ y  storms wi l l  occu r  bu t  produce
less  l ightning over  lower  terrain  areas  l ike  central  Europe,  whi le  more  l i gh tning is
l ikely  to  occur  at  h ig her  a lt i tudes  l ike  over  the  Alps  and other  parts  of  North ern
Europe.  Impl icat ion s  of  th ese pattern changes  could include an increased r i sk  of
wi ldf i res  due to  l ig h tn in g ,  r isk  to  property,  human l i fe ,  and more .  Read More >>>

ELECTRIC VEHICLES ARE OFFICIALLY ON THE CAR-MARKET SCENE

Electr ic  Vehicles  are  cu rren tly  the  fastest-growing segment  of  th e  auto market ,
almost  doubl ing  th eir  share  of  ne w vehicle  sales  in  2021.  Or ig inal ly  re ser ve d for  th e
more af f luent  o r  es pecial ly  env ironmental ly  conscious,  e lectr ic  veh i cles  are
becoming mo re popular  a s  pr ices  begin  to  come down on the ve hicle s  and s k y rocket
for  gasol ine,  lea vin g  man y wanting to  ditch the status  quo when i t  com e s to  fuel i ng
their  vehicles .  Read  More >>>
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SKIP THE GROCERY STORE FOR HERBS & SPICES THIS WINTER WITH AN
INDOOR GARDEN

While  year- round o u tdoo r  ga rdening may not  be  accessible  to  most  (u nle ss  youʼre
lucky enough to  have a  g reen house) ,  indoor  herb gardening is  a  great  way  to  kee p
f lexin g yo ur  g reen th umb in  the  of f-season and produce del ic iou sly  f re sh  h e rbs  and
spices  a l l  win ter  long.  From cho osing the r ight  locat ion and containe rs ,  sele ct ing
your  seeds,  and keeping your  plants  watered and fert i l ized,  indoor  h e rb garde ns  are
easy  to  adapt  to  your  n eeds,  add greener y  to  your  indoor  space,  smel l  great  in  your
home an d taste  great  in  yo u r  dishes!   
Read M ore >> >
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