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Inngangur

Hér er Iyst maelingum 4 eldingum og fyrstu Grvinnslu gagnanna 4 Vedurstofu Islands
fyrir sl. ar, april 2003 til mars 2004. Greinargerdin er 16gd fram & Aarsfundi
samstarfsnefndar um rannsoknir 4 eldingum 7. mai 2004. betta er sjounda arsskyrslan
sem 10gd er fyrir arsfund samstarfsnefndarinnar og er nt1 i fyrsta sinn sett upp sem hluti
ritradar greinargerda fra Vedurstofu Islands. Tiu stofnanir og fyrirtaeki standa ad pessu
rannsoknasamstarfi, sem hofst sem tilraunaverkefni atta stofnana 1996. Gengio var fra
nyjum samstarfssamningi til fimm ara i mai 2003. Adilar ad samstarfinu eru na
Flugmalastjérn [slands, Hitaveita Sudurnesja hf, Landssimi fslands hf, Landsvirkjun,

Loggildingarstofa, Og Vodafone, Orkuveita Reykjavikur, Rafmagnsveitur rikisins,

Samband islenskra tryggingafélaga og Vedurstofa fslands.

Mynd 1. Stadsettar eldingar vid Island d pvi teeplega sjo dra timabili sem LLP-
eldingastadsetningakerfio hefur verid virkt eda fra juni 1997 til mars 2004. Raudir
deplar syna jakveedar eldingar og bldir neikvedar, en formerki eldinga akvardast af
rafhledslu prumuskys mioad vid jérou.



Stjorn samstarfsnefndarinnar 2003-2004 var pannig skipud
Eymundur Sigurdsson, fulltrai Landsvirkjunar, formadur
Guoleifur M. Kristmundsson, fulltrai Orkuveitu Reykjavikur, ritari
bordur Arason, fulltrai Vedurstofu {slands, medstjornandi
einnig storfudu med stjoérninni

Helga Johannsdottir og Gisli Juliusson

[ pessari greinargerd er birt yfirlit um rekstur eldingamelistodva og kerfi &
Vedurstofunni. Unnid var Gr malingum LLP-eldingameelikerfis samstarfsnefndarinnar
(LLP, Lightning location and protection). A mynd 1 ma sja stadsetingu eldinga ur LLP-
kerfinu sl. sjo ar. Tekinn var saman fjoldi eldinga Gr ATD sferics eldingakerfi bresku
vedurstofunnar, sem nefndin hefur adgang ad (ATD, Arrival time difference). Pé er
gefid yfirlit um pau prumuvedur sem hafa gengid yfir landid undanfarid ar samkvemt
pessum mealikerfum og ménnudum athugunum 4 vedurstddvum Vedurstofu Islands. Ad
lokum eru i vidauka tver rannsoknagreinar sem unnid hefur verid ad 4 Vedurstofunni.

Stefnt er ad pvi ad kynna efni pessara greina a alpjodlegri eldingaradstefnu naesta haust.

bess er vanst ad nidurstédur eldingarannsdknanna muni nytast jafnt i visindalegum
tilgangi 1 samhengi vi0 alpjodarannsoknir & pessu svidi, sem og i hagnytum tilgangi

fyrir paer stofnanir og fyrirtaeki sem ad verkefninu standa.

Rekstur maelistodva

A starfsarinu voru fjorar eldingamalistodvar uti 4 landi og ymis taeki og hugbtnadur a

Vedurstofunni sem tengjast eldingamalingum.

Sydri-Neslénd vid Myvatn - LLP eldingamaelist6d

LLP-st6din var ekki heimsoétt 4 arinu. Hun var sidast skodud af Pordi Arasyni og
Sigvalda Arnasyni 14. september 2002. Rekstur stodvarinnar hefur gengid mjog vel
og ekkert athugavert komio upp. St6din er mjog nem 4 eldingar i samanburdi vid

hinar sto0varnar.



Hnausar i Medallandi — LLP eldingamaelist6d
Slokkt hefur verid & LLP-st60inni undanfarid ar, eda allt fra 9. jantiar 2003.

Asgardur i Délum - LLP eldingamalist6d
LLP-st6din er l1ongum hljod, en vaknar og gefur gagnlegar malingar pegar
prumuvedur eru nalegt landinu. Sidast var st6din heimsott i september 2001 af Pordi

Arasyni og Arna Sigurdssyni.

Reykjavik — LLP eldingameelist6d
Rekstur LLP-sto0varinnar gekk vel & starfsarinu, en allnokkud er af sudi sem st6din

skrair og eru pvi skeyti nokkud morg.

Keflavikurflugvéllur - ATD Sferics eldingamaelist6d
Stodin er 1 eigu bresku vedurstofunnar, en gegn adstod vid rekstur hennar héfum vid
adgang ad meligbgnum fyrir nordanvert Atlantshaf. Rekstur stodvarinnar hefur

gengid mjog vel.

Reykjavik — LLP innhringimidst60

PC-tolva a Vedurstofunni sér um ad hringja inn gégn fra 6llum premur LLP-
eldingamalistodvunum. Hringt var i stodvarnar 4 3 klst fresti 4 starfsarinu. Gognin
voru skrad a midlaegan disk yfir télvunet. Innhringitdlvan er tengd GPS-teki pannig
a0 hagt er ad umreikna alla atburdi yfir &4 réttan tima. Rekstur innhringitdlvunnar

gekk vel 4 arinu.

Reykjavik — EFMS bylgjuskraningarkerfi

EFMS-bylgjuskraningarkerfid skrair bylgjuform eldinga, en ekki er unnid sérstaklega
ur gognunum (EFMS, Elektrisk feltmélesystem). Loftnetid brotnadi, liklega i 6vedri
2. mars 2004, og kapall slitnadi. Gert var vid pad 16. mars 2004.

brumuspar

Prumuspéar voru afram reiknadar Ut fra franska vedurlikaninu Arpége. Reiknadur er
160réttur hitastigull ar likaninu og peir reikningar notadir til ad meta hattu 4 myndun
prumuvedra. Pessir reikningar eru gerdir einu sinni 4 solarhring. Prumuvidvaranir

eru sendar i tolvupdsti. A arinu hofst vinna vid ad storbzeta prumuspar.



Vefurinn

Vefsidur samstarfsnefndarinnar voru sem fyrr & http://www.vedur.is/athuganir/eldingar.
LLP-vefsidur voru uppfaerdar a klukkustundarfresti. Vegna bilunar i tolvukerfi
Vedurstofunnar komu goégn Gr LLP-kerfinu ekki 4 vefinn frd lokum febrtiar 2004.
Engin maligdgn topudust vegna pessa astands. Sferics sidur med bresku gognunum
fyrir nordanvert Atlantshaf voru uppferdar 4 30 min fresti. Prumuspasidur voru

uppfeardar einu sinni 4 solarhring.

ALDF - eldingameelistédvar

Samstarfsnefndin keypti & arinu 2003 fjéra ALDF-eldinganema af donsku
vedurstofunni (ALDF, Advanced lightning direction finder). Stefnt er ad pvi ad
ALDF-tekin, framleidd um 1990, taki vid af LLP-teekjunum sem eru fra pvi um 1980.
A starfsarinu var unnid vid ad tengja ALDF-nemana vid PC-tolvur og GPS-teki og

utbua innhringimidstdd fyrir petta kerfi 4samt tilheyrandi forritun. Pessari vinnu er

ekki lokid.

Flokkun LLP-eldingamaeliskeyta

[ pessum kafla er synt, mest med téflum, hvernig skeyti fra LLP-melistodvum verda
ad samtimaatburdum, og Ur samtimaatburdunum eru valdar eldingar vid Island.

Kaflinn er samberilegur vid alika kafla i arsskyrslum samstarfsnefndarinnar 1999 til

2003.

[ toflu 1 er syndur fjoldi skeyta fra eldingamealistodvunum, manud fyrir manud
sidastlioid ar, april 2003 til mars 2004. Fyrst er syndur heildarfjoldi skeyta i manudi
og hafa pau verid legst 563 1 oktober 2003 og heest 9574 1 januar 2004. Pbar nast er
syndur fjoldi skeyta fra hverri stod RE: Reykjavik, SN: Sydri-Neslond, AS: Asgardur.
Engin gogn eru fra Hnausastddinni 4 pessu timabili. A0 lokum er syndur fj6ldi stakra
skeyta og fjoldi skeyta sem koma 4 sama tima og skeyti fra annarri st6d, en 232 skeyti
koma samtimis skeytum fra annarri melist6d. Meirihluti samtimaskeytanna komu um

sumarid 2003.



Tafla 1. Flokkun skeyta fra eldingamcelist6ovum

Manudur Fjoldi RE SN AS Stok  Samtima
2003-04 1927 1837 84 6 1921 6
2003-05 567 359 196 13 557 10
2003-06 590 410 167 12 578 12
2003-07 2391 1959 377 55 2320 71
2003-08 3469 2988 441 40 3411 58
2003-09 956 634 230 92 926 30
2003-10 563 452 89 22 554 9
2003-11 679 556 105 18 670 9
2003-12 5575 5506 56 13 5564 11
2004-01 9574 9358 203 13 9560 14
2004-02 741 598 96 47 741 0
2004-03 2215 2171 26 18 2213 2
Samtals 29247 26828 2070 349 29015 232

Pau 232 skeyti sem komu ekki stok mynda 106 samtimaatburdi. 92 skipti eru
einungis skeyti fra tveimur stodvum i samtimaatburdi og i 14 tilvikum skynja allar

prjar stodvar samtimaatburd.

[ toflu 2 ma sja flokkun samtimaatburdanna 106 eftir manudum, par sem galladir
atburdir eru tindir burt og buid til urval fyrir frekari Grvinnslu. I 46 tilfellum verdur
atburdur 6nothafur vegna mettunar 4 a.m.k. einni std6d en pa fast engar upplysingar
um stefnu 1 eldingu. Ef einungis ein st6d gefur stefnu er ekki haegt ad finna nothaefa
stadsetningu og eru pessir atburdir ekki notadir frekar i pessari trvinnslu. P6 ein st6o
mettist, en e.t.v. tvaer sem skynja stefnu er atburdurinn notadur. 1 4 tilfellum skynjudu
einungis tvaer stodvar eldinguna, en hun var 4 grunnlinu stédvanna, annad hvort milli
stodvanna eda i beinni linu ut frd peim. Midad var vid 10° grunnhorn frd grunnlinu.
Stadsetning slikra eldinga verdur alltaf mjog dnakvaem og voru pessir atburdir ekki
notadir frekar. 1 engu tilfelli var pekkt sud-stefna fra Reykjavik eda Sydri-Neslondum
i skeyti 4 sama tima og skeyti fra annarri st6d. [ 3 tilvikum voru samtimaatburdir
tindir burt vegna andstaedrar polunar. I 3 tilvikum var um augljéslega 6samstaed gogn
ad reda. Eftir pessa hreinsun erum vid med skraningu 4 50 eldingum. Petta eru mun
feerri eldingar en undanfarin ar. Hér kemur til ad einungis prjar stodvar voru i gangi,

en einnig hafa aberandi f4 prumuvedur gengid yfir landid sl. vetur.



Tafla 2. Flokkun samtimaatburda

Manudur Samtima Mettun Grunnlina Sud  Poélun Osamsted  Val
2003-04 3 0 0 0 0 0 3
2003-05 5 2 0 0 0 0 3
2003-06 6 2 2 0 0 0 2
2003-07 31 24 0 0 1 1 5
2003-08 26 8 1 0 0 1 16
2003-09 15 1 1 0 0 0 13
2003-10 4 1 0 0 0 0 3
2003-11 4 1 0 0 0 1 2
2003-12 4 1 0 0 0 0 3
2004-01 7 5 0 0 2 0 0
2004-02 0 0 0 0 0 0 0
2004-03 1 1 0 0 0 0 0

Samtals 106
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Af pessum 50 voldu samtimaatburdum er stor hluti par sem stefnur eru nar samsioa,
sem bendir til ad eldingarnar séu mjog fjarleegar. Valinn var rammi umhverfis Island
sem markast af 60°-70°N og 0°-40°V og valdar paer eldingar sem stadsetjast innan
rammans. Vid bpetta faekkadi eldingunum nidur i 24 og er 60°N baugurinn naer
eingdngu takmarkandi. Til ad velja enn frekar eldingar & landi og rétt umhverfis
landio var valinn hringur med 400 km geisla og midju i 65°N, 19°V. Erum vid pa
komin med 20 eldingar, 13 yfir sjo og 7 yfir landi.

Tafla 3 synir flokkun allra stadsettra eldinga frd upphafi malinga. Goseldingar i
toflunni eru fyrir Grimsvatnagosid 1998 og Heklugosid 2000.

i toflu 4 ma sja flokkun peirra 20 eldinga sem falla innan 400 km hringsins. Sji ma
fjolda eftir formerki eldinga, hve margar st6ovar toku patt i stadsetningu og
flarlegdarbil frd4 landsmidju. Eldingarnar eru pad faar ad ekki er efni til ad alykta
mikid um straumstyrk peirra, en poé var hann sem fyrr ad jafnadi heerri 1 jakvaedum
eldingum. Pannig var straumstyrkurinn +41 til +167 kA 1 jdkvedu eldingunum atta
(medaltal 100 kA), 4 medan hann var -25 til -171 kA 1 neikvedu eldingunum tolf
(medaltal 88 kA).
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Tafla 3. Stadsetning eldinga

Ar Val Innan  Ostodugar Innan Sjér  Land Gos
ramma hrings
1997 (7 man) 198 100 8 72 45 27 -
1998 617 236 8 131 66 65 9
1999 141 88 10 39 29 10 -
2000 372 240 1 179 70 109 6
2001 576 293 1 134 110 24 -
2002 405 171 2 128 102 26 -
2003 (3 man) 147 91 4 69 30 39 -
2003 (9 man) 50 24 2 20 13 7 -
2004 (3 man) 0 0 0 0 0 0 -
(50) (24) 2) (200 (13) (7)
Samtals 2506 1242 36 772 465 307 15

Rammi midast vid svadid 60°-70°N og 0°-40°V. Hringur midast vid 400 km geisla

fra 65°N, 19°V.

Tafla 4. Flokkun eldinga innan hrings fyrir timabilio 2003-04 til 2004-03

Fjoldi Neikvedar Jakvadar 2 3 Fjarlegd

stodvar  stodvar (km)
Sjor 13 10 3 13 0 219-389
Land 7 2 5 7 0 133-189
Samtals 20 12 8 20 0 133-389

ATD sferics eldingar vid island

Gegn adstod vid ad reka ATD sferics eldingamelistod a4 Keflavikurflugvelli, sem er i

eigu bresku vedurstofunnar, feer Vedurstofa fslands adgang ad gognum Bretanna. A

30 min fresti er nad i nyjustu ATD sferics gogn fra bresku vedurstofunni. Goégnin eru

vistud og teiknud 4 kort af N-Atlantshafi fyrir vefsidu. Nakvem timasetning ATD

eldinganna, sem vid hofum adgang ad, er 6rlitio villandi, pvi skrddur er timinn pegar

gbgnin eru skrad i gagnagrunn & bresku vedurstofunni, sem skedur e.t.v. 5-15 min

eftir nidurslatt eldingarinnar. Til stendur ad leidrétta petta hja Bretunum. { téflu 5 ma
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sja fjolda eldinga 4 og vid Island sem LLP- og ATD-kerfin hafa skrad 4 arinu. Tvo
mestu prumuvedrin voru 9. 4gust og 19. juli 2003. Heildarfjoldi ATD eldinga & arinu
er 515, innan hrings med 400 km geisla fra midju landinu. Pennan fj6lda parf ad bera
saman vid 20 eldingar skrddar af LLP-kerfinu. ATD sferics kerfid skrdir eitthvad af
skyjaeldingum, en LLP-kerfid er hannad til ad hafna peim. Ljost ma p6 vera ad LLP-

kerfio skrair einungis litid brot af raunverulegum eldingum 4 og vid landid.

Tafla 5. Fjoldi eldinga vid Island eftir dogum

Dagsetning  LLP ATD Dagsetning LLP ATD
2003-05-07 0 1 2003-10-27 0 1
2003-05-22 1 1 2003-10-28 1 2
2003-05-26 0 1 2003-11-04 1 4
2003-06-17 0 2 2003-11-05 0 11
2003-06-18 0 3 2003-11-13 0 1
2003-06-19 0 10 2003-12-03 0 1
2003-07-13 0 1 2003-12-20 0 1
2003-07-18 0 19 2003-12-24 0 3
2003-07-19 1 73 2003-12-25 0 2
2003-07-20 0 7 2004-01-07 0 1
2003-07-26 0 15 2004-01-08 0 6
2003-07-27 1 13 2004-01-16 0 1
2003-07-28 0 17 2004-01-17 0 11
2003-07-29 0 1 2004-01-23 0 12
2003-08-02 0 1 2004-03-02 0 4
2003-08-08 0 3 2004-03-11 0 1
2003-08-09 1 172 2004-03-12 0 6
2003-08-10 11 65 2004-03-13 0 27
2003-08-12 0 1 2004-03-14 0 3
2003-09-04 3 5 2004-03-18 0 3
2003-09-14 0 1 2004-03-27 0 1
2003-09-28 0 1 Samtals 20 515

Fj6ldi midast vid eldingar innan hrings med 400 km geisla fra 65°N, 19°V.

Annall prumuvedra vid island

Gerd er grein fyrir peim eldingum sem vid héfum fréttir af eda hafa verid meldar af
LLP- og ATD-eldingastadsetningakerfunum & sl. ari, fra 1. april 2003 til 31. mars
2004. begar timasetning er tiltekin fra vedurskeytastoovum er att vid ad vart var vid

prumur og/eda eldingar einhvern tima 4 gefnu timabili. A urkomustodvum
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Vedurstofunnar er einungis maeld rkoma og snjodypt einu sinni 4 dag, kl. 9 ardegis.
Urkomustodvarnar skra einnig hvort vart hafi verid vid prumuvedur undangenginn

solarhring, p.e. frd kl. 9 ardegis daginn a0ur, en ndkvaemari timasetning er ekki skrad.

Lysing a einstokum vedrum og skemmdum

Sja ma stadsettar eldingar i april til jini 4 mynd 2.

8. april 2003: Veodurathugunarmadur & urkomustod i Skaftafelli tilkynnti um
prumuvedur undangenginn sélarhring.

7. mai 2003: ATD sferics kerfid skradi eina eldingu 12 km NNV vid Gardskaga kl.
04:50.

22. mai 2003: LLP-kerfid stadsetti eina eldingu & Sudurlandi, 12 km NA af Hellu kl.
14:02. ATD sferics kerfid skradi eina eldingu 22 km VNV vid LLP-eldinguna
kl. 14:10. betta er trulega sama eldingin.

26. mai 2003: Vedurathugunarmadur & Grimsstooum & Fjollum tilkynnti um
prumuvedur & sidustu klukkustund og midlungs eda mikla rigningu &
athugunartima (w = 92) kl. 15. ATD sferics kerfid skradi eina eldingu 5 km SA
af Grimsstédum kl. 13:55.

7. jani 2003: 1 frétt Mbl. 10. juni sagdi: ,,Talid er ad elding hafi kveikt i husi i
Hveragerdi 4 sunnudag. Eldur kom upp i millilofti og logadi upp 1 pakid en
slokkvilidid 1 Hveragerdi var fljott a vettvang og tokst ad koma i veg fyrir
stortjon*.

17. juni 2003: ATD sferics kerfio skrddi tver eldingar um 13 km VSV vid
Saudarkrok kl. 19:00.

18. juni 2003: Vedurathugunarmadur i Adey tilkynnti um prumuvedur milli
athugunartima (W; = 9) kl. 18 (einhverntima & timabilinu kl. 15-17). ATD
sferics kerfid skradi tvar eldingar 4 Nordurlandi, ndleegt Husavik og Blondudsi
kl. 15:25 og 18:30.

19. juni 2003: Vedurathugunarmadur i Basum 4 Goodalandi tilkynnti um prumuvedur
milli athugunartima (W; = 9) kl. 18 (einhverntima a timabilinu kl. 12-17).
Morguninn eftir tilkynnti vedurathugunarmadur 4 urkomustdd & Skogum undir
Eyjafjollum um prumuvedur undangenginn soélarhring. ATD sferics kerfid

skradi tiu eldingar 4 Myrdalsjokulssveedinu kl. 14:10 — 16:05.
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Sja ma stadsettar eldingar i juli til september & mynd 3.

13. juli 2003: ATD sferics kerfid skradi eina eldingu 4 Sprengisandi kl. 17:50.

18. juli 2003: ATD sferics kerfid skradi eina eldingu i Veidivotnum, sex eldingar a
Austurlandi og tolf austan vid landid kl. 15:20 — 20:10.

19. juli 2003: LLP-kerfid stadsetti eina eldingu NA af landinu kl. 04:58. ATD
sferics kerfid skradi 73 eldinar 4 og vid landid, af peim voru 63 4 landi kl. 13:10
— 19:30, flestar nordan Vatnajokuls og nalaegt Myrdalsjokli. Kort med
stadsettum eldingum i pessu prumuvedri ma sja 4 mynd 6.

26. juli 2003: Vedurathugunarmenn i Reykjavik tilkynntu um prumuvedur milli
athugana (W; = 9) kl. 18 (einhverntima & timabilinu kl. 15-17). Morguninn eftir
tilkynnti vedurathugunarmadur & urkomust6d i Vogséosum um prumuvedur
undangenginn solarhring. [ frétt Mbl. 28. juli sagdi: ,,Eldingu laust nidur i
Fokker-flugvél Flugfélags Islands skommu eftir flugtak fra Reykjavikurflugvelli
a laugardag og var henni pegar snuid til baka. Um bord voru 28 farpegar auk
ahafnar. ATD sferics kerfid skradi ellefu eldingar pennan dag SA af landinu
og fjorar eldingar 22-33 km NV af Reykjavik kl. 17:05 — 17:20.

27. juali 2003: Vedurathugunarmadur i Hjardarlandi i Biskupstungum tilkynnti um ad
heyrst hafi i skruggum en engin urkoma var & athugunarstad (w = 17) kl. 18.
Morguninn eftir tilkynnti vedurathugunarmadur & irkomustod 4 Augastodum i
Borgarfirdi um prumuvedur undangenginn solarhring. I frétt Mbl. 29. juli sagdi:
»Eldingar skutu ménnum og dyrum skelk i bringu og huasin nétrudu undan
prumunum 1 gjorningavedri sem gekk yfir Biskupstungurnar 4
sunnudagskvold“. LLP-kerfid stadsetti tvaer eldingar langt SA af landinu um
morguninn. ATD sferics kerfido skradi nokkrar eldingar pennan dag SA af
landinu og niu eldingar &4 Sudurlandi kl. 16:25 — 20:15.

28. juli 2003: Vedurathugunarmenn & uUrkomustodvunum Augastodum, Stafni i
Svartardal og & Skeidsfossvirkjun tilkynntu um prumuvedur undangenginn
solarhring p. 29. [ frétt Mbl. 29. juli sagdi: ,Blossar stédu ut r
rafmagnstoflum, 1jos kviknadi & aflogdum ljésastaur, innstungur svidnudu og
hross trylltust i prumuvedrum sem hafa gengid yfir i Biskupstungum og vid
Oxarfjord 4 sidustu tveimur solarhringum®. ATD sferics kerfid skradi nokkrar
eldingar um morguninn SA af landinu og 15 eldingar & Nordur- og Vesturlandi

kl. 14:30 — 21:15.
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8.-10. aguist 2003: Vedurathugunarmadur 4 Hrauni & Skaga tilkynnti um ad heyrst
hafi i skruggum en engin urkoma var a athugunarstad (w = 17) kl. 18 p. 9.
Vedurathugunarmadur 4 urkomust6d a Augastodum i Borgarfirdi tilkynnti um
prumuvedur undangenginn sélarhring p. 10. LLP-kerfid stadsetti eina eldingu
13 km VSV af Asgardi i Délum kl. 16:44 b. 9., og tiu eldingar N af landinu kl.
00:47 — 01:39 p. 10., og eina eldingu 20 km SA af Krofluvirkjun kl. 01:02 p. 10.
ATD sferics kerfid skradi mikinn fjolda eldinga SA af landinu kl. 19:35 D. 8. til
kl. 08:30 b. 9. Sidan skradi kerfid 152 eldingar SA vid Langjokul kl. 14:40 —
17:35 p. 9. A0 lokum var mikill fjoldi eldinga skradur fyrir nordan landid kl.
18:00 p. 9. til kl. 08:30 p. 10. Kort med stadsettum eldingum i prumuvedrinu 9.
agust ma sja a mynd 7.

12. agust 2003: ATD sferics kerfid skradi eina eldingu 6 km sunnan vid Grimsstadi a
Fjollum kl. 16:35.

4. september 2003: LLP-kerfi0o stadsetti prjar eldingar & Lonsorefum kl. 18:27 —
18:29. ATD sferics kerfid skradi prjar eldingar & Sudurlandi kl. 13:40 — 16:15.

13. september 2003: Vedurathugunarmadur & Vatnsskardsholum i Myrdal tilkynnti
um prumuvedur med eda an urkomu 4 sidustu klukkustund (w = 29) kl. 18.

22.-23. september 2003: LLP-kerfid skynjadi tiu eldingar langt sudur af landinu kl.
22:16-01:53.

Sja ma stadsettar eldingar i oktober til desember 4 mynd 4.

6. oktéber 2003: Vedurathugunarmadur & urkomustod & Isafirdi tilkynnti um
prumuvedur undangenginn so6larhring.

10. oktéber 2003: Vedurathugunarmadur a urkomustod a Stéra-Vatnshorni i Délum
tilkynnti um prumuvedur undangenginn solarhring.

27.-28. oktober 2003: Veourathugunarmenn & Keflavikurflugvelli tilkynntu um
prumuvedur milli athugunartima (W; = 9) kl. 24 p. 27. (einhverntima &
timabilinu kl. 21-23). LLP-kerfid stadsetti eina eldingu 14 km SSV af
Hvolsvelli kl. 03:15 p. 28.

4.-5. névember 2003: Vedurathugunarmadur & Stérhofda i Vestmannaeyjum
tilkynnti um prumuvedur milli athugunartima (W; = 9) kl. 24 Db. 4.
(einhverntima & timabilinu kl. 21-23), og prumuvedur med eda an urkomu &

sidustu klukkustund (w = 29) kl. 03 pb. 5. A0 morgni p. 5. tilkynnti
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vedurathugunarmadur 4 urkomust6d 4 Vogsésum um  prumuvedur
undangenginn solarhring. 1 frétt Mbl. 20. névember sagdi: ,,Komid hefur i 1jos
ad skemmdirnar 4 Urdarvita i Vestmannaeyjum fyrir skdmmu voru ekki af
mannavoldum heldur nattirunnar. Prir starfsmenn Siglingastofnunar komu til
Eyja og stadfestu peir ad elding hafi laskad vitann“. LLP-kerfid stadsetti eina
eldingu langt sudur af Reykjanesi kl. 21:54 pb. 4. ATD sferics kerfio skraoi
fjolda eldinga sudur af landinu pessa tvo daga, 10 peirra nddu nordur fyrir 62°N,
en engar inn 4 land.

3. desember 2003: Vedurathugunarmenn & urkomustddvunum Hitardal og
Hjardarfelli & Snefellsnesi tilkynntu um prumuvedur undangenginn so6larhring
p. 4. LLP-kerfid skynjadi prjar eldingar langt sudur af landinu kl. 11:33-11:39.
ATD sferics kerfid skradi eina eldingu 4 Sudurlandi kl. 16:05.

22. desember 2003: Veourathugunarmadur 4 Saudanesvita 4 Trollaskaga tilkynnti
um ad heyrst hafi i skruggum en engin urkoma var a athugunarstad (w = 17) kl.
12.

24. desember 2003: ATD sferics kerfid skradi tvaer eldingar i Porsmork kl. 03:10 og
05:45.

Sja ma stadsettar eldingar i januar til mars 4 mynd 5.

8. januar 2004: ATD sferics kerfid skradi fjorar eldingar 4 SA landi kl. 00:55 —
04:10.

17. janiiar 2004: Vedurathugunarmadur 4 Urkomustddinni Kviskerjum i Orafum
tilkynnti um prumuvedur undangenginn sélarhring p. 18. ATD sferics kerfid
skradi nokkrar eldingar SA af landinu kl. 13:25 — 17:25.

23. januar 2004: Vedurathugunarmenn tilkynntu um prumuvedur undangenginn
solarhring & urkomustodvunum Vogsésum p. 23. og Kviskerjum p. 24. ATD
sferics kerfid skradi allmargar eldingar S af landinu og fra Reykjanesi til Hafnar
k1. 00:00 — 20:00.

2. mars 2004: [ frétt Mbl. 3. mars sagdi: ,Eldingu laust nidur i Fokker-flugvél
Flugfélags Islands 4 leid til Akureyrar upp ur kl. tvé i gaer eda um tiu minatum
eftir a0 vélin hof sig a loft af Reykjavikurflugvelli“. Eldingin for inn og ut um

nef vélarinnar. Henni var snid vid til skodunar. Einhverjir & Vedurstofunni
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toldu sig hafa heyrt i prumu (skv. Halldori Bjornssyni). ATD sferics kerfid
skradi nokkrar eldingar S af landinu og tveer inni & landi kl. 18:45 og 22:30.
12.-14. mars 2004: Vedurathugunarmenn tilkynntu um prumuvedur undangenginn
solarhring 4 tUrkomustodvunum Kviskerjum p. 13., Kerlingardal vid
Myrdalsjokul p. 13., Stafafell { Loni p. 13., Hanefsstodum i Seydisfirdi p. 13. og
Skaftafelli p. 14. ATD sferics kerfid skradi 40 eldingar fra Orafasveit til
Seydisfjardar kl. 18:50 p. 12. til kl. 09:20 p. 14. Kort med stadsettum eldingum

i prumuvedrinu 13. mars mé sja 4 mynd 8.

Kort af prumuvedrum arsins

A myndum 2 til 5 eru synd priggja méanada timabil med stadsetningarkortum.
Stadsetningarkortin syna stadsettar eldingar med LLP-eldingamalikerfinu, par sem
jékvedar/neikvaedar eldingar eru syndar med fylltum/opnum hringjum.
Eldingastadsetingar Uur ATD sferics kerfinu eru syndar med plas merki (+).
Melistodvarnar eru syndar med litlum ferningum. Hafa ber i huga ad meldar
eldingar eru innan nokkud sterra svaedis en stadsetningarkortin syna, og pvi sjast ekki

allar eldingarnar 4 kortunum.

Myndir 6 til 8 syna prjii mestu prumuvedur arsins, 19. juli 2003, 9. agust 2003 og 13.
mars 2004.

A mynd 9 er yfirlit yfir allt meliari>. A mynd 10 eru allar eldingar Gr LLP-
eldingamzlikerfinu fra juni 1997 til mars 2004 syndar 4 einu korti. A mynd 11 eru
allar eldingar ur breska ATD sferics eldingamalikerfinu fra september 1998 til mars

2004 syndar & einu korti.
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Vidauki — ICLP greinar og EGU utdreaettir

Tver greinar eftir starfsmenn Vedurstofunnar, sem lysa rannsoknum 4 prumuvedrum
4 Islandi, hafa verid sendar 4 radstefnuna 27th International Conference on Lightning
Protection (ICLP 2004), sem haldin verdur i Avignon i Frakklandi 13.-16. september
2004. Fylgir afrit peirra hér sem vidauki.

o Dordur Arason, Comparison of data from a lightning location system and

atmospheric parameters from a numerical weather prediction model

e Haraldur Olafsson, Pordur Arason og Trausti Jonsson, Seasonal and
interannual variability of thunderstorms in Iceland and the origin of airmasses

in the storms

A eftir ICLP-greinunum fylgja tveir EGU-utdrzttir. Annar fyrir erindi og hinn fyrir
veggspjald sem kynnt voru 4 rddstefnunni European Geosciences Union 2004, Ist

General Assembly, sem haldin var i Nissa i Frakklandi 25.-30. april 2004.

e Haraldur Olafsson, Trausti Jonsson og Pordur Arason, The origin of
airmasses in major thunderstorms in Iceland and the predictability of the
storms

e Haraldur Olafsson, Trausti Jonsson og Pordur Arason, Climatology of thunder

in Iceland
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Comparison of Data from a Lightning Location System
and Atmospheric Parameters from a Numerical
Weather Prediction Model
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Abstract: This study presents a comparison between the
occurrence of thunderstorms in Iceland as identified by
lightning location systems and the properties of the
atmosphere as analysed and predicted by a short range
numerical meteorological forecast model. The purpose of
the comparison is to identify thunderstorm prediction
indices, suitable for Iceland. The numerical
meteorological forecast model of Météo-France, Arpége,
was used for this study. On the basis of output from the
Arpege, the key atmospheric variables were defined in a
grid. The lightning locations of the ATD sferics system of
the UK Met Office and the LLP-based lightning location
system of the Icelandic Meteorological Office, were used
for this study. Several thunderstorm indices based on the
temperature and humidity profile of the atmospheric
column of each element of the forecast model were
calculated. The indices that best predicted occurrences of
lightnings were then used in a statistical similarity model
that estimates thunderstorm probabilities. These were
adjusted for annual variations and diurnal variations in the
summer. The results enable the construction of
probabilistic local thunderstorm forecasts for Iceland,
based on output from an operational numerical weather
prediction model.

Keywords: Thunderstorm prediction, Numerical weather
prediction model, Thunderstorm index, ATD sferics,
Iceland

1. Introduction

The ability to accurately predict thunderstorms a few days
in advance is enormously important. This ability can both
save lives and in some instances also prevent damage to
property.

In the 1940's and 50's some fairly simple atmospheric
stability indices were developed. They were designed to
estimate chances of thunderstorms from a single
radiosonde profile. One of the oldest indices, still in use, is
the Showalter stability index, published in 1953 [1].
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Figure 1: The grid-points of the Arpege weather
prediction model over Iceland.
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Figure 2: A sample vertical cross section at 65°N
showing typical distribution of the Arpége grid-points.
The three pressure levels at the highest elevation are
the 500, 600 and 700 hPa isobars.

Many of the indices were developed in the pre- or early-
computer era. Now, forecasters have access to powerful



computers and numerical weather prediction models.
Significant advances are being made in incorporating
atmospheric convection into the numerical models.
However, one of the fundamental problems is that the
horizontal grid size of the weather prediction models is
almost an order of magnitude larger than the convection
cells.

In this study we have compared several atmospheric
stability indices to lightning location data in a statistical
way to predict thunderstorms. Our hope is to be able to
predict thunderstorms beyond what currently operational
numerical weather prediction models can. One of the
advances of using this statistical point of view is that
several underlying, known as well as unknown, processes,
properties and local phenomena will be taken into account.

In this article we outline a prototype of a statistical
similarity model that seems to accurately predict
thunderstorms in Iceland.  Next steps will include
assessing the accuracy of the predictions and making the
model operational.

2. Weather prediction model

One of the operational models used at the Icelandic
Meteorological Office is the output of a numerical weather
prediction model, Arpége, made by Météo-France [2]. The
parameters given by the Arpége output at each grid point
are elevation of an air parcel above sea level, air pressure,
air temperature, relative humidity, wind speed and wind
direction. Output from the Arpege is received twice daily
with analysis for 00:00 and 12:00 UTC. The forecast
range is 0, 6, 12, 18, 24, 30, 36, 42, 48, and 54 hours.

For this study, the analysis output of Arpége was used to
determine the state of the atmosphere at 00:00 and 12:00
UTC. The 6 hour forecasts at 00:00 and 12:00 were used
to determine the state of the atmosphere at 06:00 and 18:00
UTC.

The horizontal spacing of the grid on which the Arpége is
projected spans 1° of longitude and 0.5° of latitude. The
domain of the study extends from 63°N to 67°N and 13°W
to 25°W, see Figure 1. Each of these 117 horizontal
elements of the study area is therefore about 47 x 55 km.
For each areal element, the Arpége model output predicts
the state of the atmosphere in 11-19 vertical layers below
the 500 hPa pressure level, which is about 5 km above sea
level. A sample cross section showing the vertical
distribution of the Arpége grid is shown in Figure 2.

Models output at 00, 06, 12, and 18 UTC for the four years
2000-2003 are represented by 5844 time points. Two of
the outputs were damaged and not used for this study. For
every time point we have 117 areal elements, above which
the properties of the atmospheric column are defined.
Therefore, by using the Arpége model output we have an
estimate of the properties of 683514 atmospheric columns
above an areal element.
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Figure 3: The study area was split into five distinct
geographical regions, shown on this map along with the
located lightnings 2000-2003.

3. Lightning location data

For this study we have used lightning locations for the four
years 2000-2003 from the Icelandic lightning location
system [3, 4, 5] and data from the ATD sferics system of
the UK Met Office [6]. The lightning data were used to
determine times and places of thunderstorms.

For comparison purposes the lightning location data were
gridded in space and time in the same way as the Arpeége
model output, i.e. the same 117 areal elements and 6 hour
time intervals. Thunderstorms occurring between 03:00
and 09:00 were set at time 06:00 UTC.

Figure 3 shows all the located lightnings during these four
years 2000-2003. Volcanogenic lightnings [7] from the
Hekla 2000 eruption were omitted.

4. Temporal and spatial variation

There is considerable temporal variation in the occurrence
of thunderstorms in Iceland, both as an annual variation
and diurnal variation during the summer. Figure 4 shows
the annual variation in thunder reports from manned
observations during the fifty year period 1951-2000. The
figure shows the number of reported thunder days for each
day of the year. Note that the graph shows a higher
number than thunder days, since for example five manned
stations reporting the same thunderstorm will count as five
reports.

During these fifty years there has been considerable
change in the number of manned stations. However, those
changes should not affect the shape of the graph since
there is not a seasonal variation in the number of stations.
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Figure 4: The number of thunder day reports for each
day of the year, as determined by manned observations
1951-2000.

Clearly, Figure 4 shows the two distinct thunder seasons in
Iceland.  First, there is a thunder season during the
summer, centered in July. Second, the main thunder
season in Iceland is during the winter, from November to
March. There is considerably lower activity during spring
and fall.

Furthermore, previous studies have shown that there is
significant difference between these two thunder seasons,
both in spatial distribution, thunderstorm duration and in
the lightning polarities and observed peak current [3, 4, 5].

During summer there is a strong diurnal variation in the
occurrence of thunderstorms. Figure 5 shows the number
of lightnings in the study area versus time of day. For this
figure the data were split into the winter half (October-
March) and summer half (April-September). One thunder-
storm with over 200 lightnings on 2002-06-08 was omitted
for this figure. During the summer there is a significant
increase in lightning activity in the afternoon. In Figure 5,
time of day represents UTC time, and local noon in Iceland
is at 13:00 — 13:30 UTC.

Due to the temporal variations we split the data into 9
temporal groups for our calculations as shown in Table 1.

Table 1. Summary of temporal groups

No Months Time of day
1 November through March 00, 06, 12, 18
2 April and May 00, 06
3 April and May 12,18
4 June, July and August 00
5  June, July and August 06
6  June, July and August 12
7 June, July and August 18
8  September and October 00, 06
9  September and October 12,18
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Figure 5: The diurnal variation in the occurrence of
lightnings in the study area for 2000-2003. The top
panel shows the winter half of the year, while the lower
panel shows the diurnal variation during the summer
half of the year.

Previous studies have shown significant spatial variation in
thunderstorm occurrence. The frequency appears highest
over the ocean south of Iceland and at the Southern coast.
We split the data into five geographical regions based on
thunderstorm distributions [5, 8]. These are: 1-Southern
ocean; 2—Southern coast; 3—Central highlands; 4-Northern
coast; 5-Northern ocean. The boundaries between the five
geographical regions are shown in Figure 3.

5. Thunderstorm indices

A variety of thermodynamic and kinematic parameters
have been used to indicate potential instability of the
atmosphere [9].

As an example of a very simple index, the Vertical Totals
Index is defined as the temperature difference between the
air at 850 hPa and 500 hPa pressure levels. Some indices
take into account the moisture content of the air. Some
measure the temperature difference of the ambient air and
the final temperature of an air parcel lifted pseudo-
adiabatically from some lower level. Most of the indices
only compare properties at a few distinct pressure levels.

The Convective Available Potential Energy (CAPE) index
utilizes all of the temperature and moisture profile, by
integrating the energy released during an ascent of an air
parcel up through the atmosphere. Conventionally, CAPE
is only calculated when energy is released. We have also
calculated negative terms of CAPE, i.e. the total energy
released or required to lift an air parcel from the surface to
the 500 hPa level.

In Table 2 we have summarized the indices that we have
considered for the current study. In the table the subscripts
500, 700, 850 and 1000 indicate pressure levels in hPa.
Subscript s indicates conditions at the surface and subscript
0.5 indicates average state in the lowest 0.5 km of the



atmosphere. The symbol T stands for temperature, 7d for
dew point, p for pressure, u and v are wind speeds, Z and z
indicate elevation, g is the acceleration of gravity and p, is
the density of water vapor in air. 7%, is the terminal
temperature of a moist air parcel that is lifted pseudo-
adiabatically from level a to level b. 6w and 6s are the wet
bulb potential temperature and the saturated potential
temperature, respectively.

Table 2. Summary of indices considered for this study

No Index Definition
1 Air temperature at surface T
2 Air temperature at 700 hPa Ta00
3 Air pressure at sea level p
4  Westerly winds at 700 hPa U700
5 Southerly wind at 700 hPa V700
6  Elevation of the 500 hPa level Zso0
7  Adedokun 1 Index Owgsg — Os500
8  Adedokun 2 Index Owg — Ossgq
9 Boyden Index 0.1(2700 — ZlOOO) — T700 -200
10 Bradbury Index 9W500 — 6W850
11 Negative Convective Available Potential Energy

g[ (T%s-.,~ /T dz
gl (T%s-.,~ /T dz

(all terms)

12 CAPE (only positive terms)
13 Cross Totals Index (CT) Tdgso — Tsoo
14  Deep Convective Index Tgso + Tdgso — LI
15 Jefferson Index 1.60W850 — T500 — (T700 — Td70())/2 -8
16 K Index (KI) Tgsso — Tso0 + Tdgso — T700 + Tdg0
17  Lifted Index (from surface) (LI)
18 Lifted Index (0.5km) (LI 5)

19  Showalter Stability Index

%
TSOO -T 5s—500

%
TSOO -T 0.5—500
TSOO - T*850—>500

20 S Index TT - (T700 — Td700) —A
21  Thompson Index KI-Lljs
22 Total Totals Index (TT) CT+VT
23 Vertical Totals Index (VT) Tsso — T's00
24 Integrated Water Content [ p, dz

6. Statistical similarity analysis

In order to estimate thunderstorm probabilities for a given
place in space and time, we chose to compare the state of
the atmospheric column to previous states at similar times
and places. Once we have identified an adequate number
of previous occurrences that are similar, we calculate the
frequency of thunderstorms in our data set.

In order to assess similarity of two states of the atmosphere
we calculate the distance between the 24-dimensional
thunderstorm index vectors in 24-dimensional space. If
two states are identified by the subscripts # an m, then we
measure the distance of the i-th stability index by

dinm = Wi(xin_xim)/o-i

(1]
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where x; , and x; ,, are the value of the i-th stability index
for state n and m, respectively, o; is the standard deviation
of index x;, and w; is an empirically chosen weight for the
i-th index.

The distance between two states, n and m, in the 24-
dimensional space is D, ,,

2 _ 2 2 2 2
Dnm - d]nm +d2nm +d3nm +~~~+d24nm

(2]

For a given situation, n, we calculate D, ,, for all previous
situations, m, for the time group and region of n. The
lowest distances in the 24-dimensional space D, ,, represent
similar situations. Then we select a sufficient number, N,
of similar situations and estimate the frequency of
thunderstorms in our selection. We have estimated the
thunderstorm frequency as the highest frequency for N in
the range 200-300.

Our current choice of weights for the 24 indices in Table 2
for the similarity calculations are w=1[0.1 0.1 0.2 0.1 0.2
0.1 0.7 0.7 02 02 1.0 0.5 0.5 0.1 1.0 0.5 0.5 1.0
1.0 0.5 0.1 0.5 0.2 0.1]. The highest weights are
assigned to Negative CAPE, Jefferson index, Llys, and
Showalter index. The standard deviations of the 24 indices
in Table 2 were estimated from the whole data set and are
oc=[54 6.1 13.8 85 85 178 2.9 3.7 2.1 2.9 0.65
48.0 6.8 11.1 7.4 14.1 6.1 57 4.8 169 11.8 10.1 4.2
5.3].

As an example of the results of our calculations we show,
in Figure 6, a contour plot of the predicted thunderstorm
probabilities on 20 February 2003 at 06:00 UTC. The
similarity calculations indicate increased chances of
thunderstorms on the SE-coast. The highest probability in
a single element in this case is 2.5%.

670 |-

B6=p

24=w 20°W 1B8°W 16°W 14°W

Figure 6: Estimated thunderstorm probability on
2003-02-20 at 06:00 UTC. Contour interval is 0.5%.
The dots show located lightnings at the same time.
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Figure 7: Estimated thunderstorm probability for 6
hour time steps for the latter half of February 2003.
Filled dots indicate times with located lightnings in the
study area.

Combining all the 117 elements in Figure 6, we can
calculate the thunderstorm probabilities for the whole
domain for the 6 hours

P =1-11(-p) (3]

In the case shown in Figure 6 the probability of a
thunderstorm anywhere in Iceland is estimated 30%.

Figure 7 shows this total probability, P, as a function of
time for a half month in February 2003, when winter-
thunderstorms were quite frequent. The filled circles
indicate that the lightning location systems measured some
lightnings during the time period, and open circles where
no lightnings were registered. Most of the high peaks are
associated with observed thunderstorms, although on 24
February no lightnings were registered even though
chances seem to be high.

7. Further developments

The current model is a prototype for feasibility study of the
method. A systematic survey of false alarms and surprise
events needs to be undertaken. Furthermore, the accuracy
needs to be better quantified and any shortcomings of the
method identified.

The empirical weights used in calculating similarity in the
24-dimensional space need to be further tuned. It is
believed that by doing so we may significantly advance our
predictions.

There are plans to make the model operational and the
thunderstorm forecasts available on our web page. As time
passes we will systematically add more lightning and
atmospheric data into the statistical base, which will make
the predictions more reliable.

This model has been developed for Iceland. The methods
described can easily be applied to other places.
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Seasonal and Interannual Variability of Thunderstorms in Iceland
and the Origin of Airmasses in the Storms
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Abstract: Variability and the meteorological conditions
of thunder in Iceland are explored. Most thunderstorms
occur in winter, where arctic air moves rapidly from N-
America over a relatively warm sea towards Iceland. A
secondary maximum in the thunderstorm frequency is in
summer. The summertime thunderstorms are formed
within an airmass that has been advected from Britain
and/or continental Europe. These thunderstorms tend to
be associated with a frontal or a convergence zone. There
is substantial interannual variability in the frequency of
thunderstorms at the south coast of Iceland, but there is
not a sign of a long-term trend.

Keywords: Iceland, seasonal cycle of thunder, origin of
airmasses, variability of thunder.

1. Introduction

Although not as frequent as over the mid-latitude
continents, lightnings are an important risk for power
structures in Iceland. Yet, relatively little has been
published on the climatology of thunder in Iceland [1] and
no study has been made of the meteorological conditions
leading to thunderstorms in Iceland. Here, the annual
cycle of thunder reports from synoptic weather
observations Iceland is explored. On the basis of the
seasonal variation in the frequency of thunder, the year is
divided into three seasons, summer, winter and an
intermediate season. The synoptic scale meteorological
conditions during the five most intensive thunderstorms of
each season during a period of twenty years are studied.
Trajectories are calculated at different levels in the
troposphere in order to find the origin of the airmasses in
the thunderstorms.

2. Seasonal variability

Figure 1 shows the sum of thunder reports from synoptic
weather stations in Iceland during the period 1951-2000.
In general, thunder is not very frequent in Iceland and
strong and widespread individual thunderstorms appear as
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Figure 1: Seasonal cycle of the number of thunder
reports from synoptic weather stations in Iceland
1951-2000.

peaks in the graph on the figure. In spite of the high
relative impact of individual storms, the figure reveals
significant seasonal variability in the frequency of
thunderstorms.  Unlike in most other countries, the
maximum frequency of thunder is in mid-winter, from
December to February. A secondary, but a much smaller
maximum is during the warmest period of the year, in
July and August. Thunder is rare during other seasons.
To get a closer insight into the nature of the thunderstorms
during the two peak seasons, observations from an
automatic lightning detection system operated by the
Icelandic Meteorological Office [2] are shown in Figures
2 and 3. In spite of the fact that thunder is rare in Iceland
and that the period of automatic observations is short
(1998-2003), many lightnings have been detected. The
figures reveal quite different geographical distributions in
the two seasons. In the winter (Fig. 2), the lightnings are
almost exclusively in the southern part of Iceland, and
over the ocean to the south. Usually, only a few
lightnings come with each thunderstorm, so the lightnings



are not clustered. In the summer (Fig. 3), the lightnings
are to a greater extent grouped in clusters and more of the
lightnings are over land. The two most prominent clusters
are from two distinct thunderstorms. Furthermore, there
are almost as many lightnings detected in the northern
part of the island, than in the southern part.
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Figure 2: Lightnings detected by the automatic
lightning detection system [2] Dec—Feb 1998-2003.
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Figure 3: Lightnings detected by the automatic
lightning detection system [2] Jun-Aug 1998-2003.

3. Interannual variability

For several decades, synoptic weather observations have
been made regularly every 3 hours at Storhofoi, in
Vestmannaeyjar, located approximately 15 km off the
south coast of Iceland. These observations can be
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expected to represent the main thunder activity in Iceland,
i.e. the winter peak. The yearly number of days with
thunder and the mean annual temperature at Storhofoi
1949-2003 is shown in Figure 4. Apart from the peak
values in 1963 and 1964, which are associated with
volcanic activity [3], there is no clear trend in the
frequency of thunder. The average yearly number of
thunder days (excluding 1963 and 1964) is 2.5 with a
maximum of 7 days and a minimum of 0 days. There is
no clear connection between the mean annual temperature
and the frequency of thunder.
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Figure 4: Annual number of days with thunder and
mean annual temperature 1949-2003 at Stérhofoi, S-
Iceland.

4. Comparison of thunderstorms in winter and in
summer

4.1 Classification of thunderstorms

The seasonal variability of the frequency of thunderstorms
calls for a further investigation of the nature of the storms
in the different seasons. For this purpose, observations
from all synoptic weather stations in Iceland during the
period 1981-2000 have been studied. The thunderstorms
have been grouped in winter events (DJFM), summer
events (JJA) and intermediate season events (AM and
SON). Five events leading to the greatest number of
thunder reports in each group are given in Table 1. The
airmasses at 500, 2000, and 6000 m.a.s.l. in each
thunderstorm are traced 5 days back and the baroclinicity
of the airmass is evaluated from the difference in the
direction of the trajectories at 2000 m and 6000 m
immediately before the thunderstorm. The table also
gives information on how fast the advection of the
airmass has been at 2000 m during the 24 hours preceding
12 UTC on the day of the thunderstorm.



Winter Origin of low level airmass Wind veering Advection

94-01-21 N-America 0° 60 m/s
93-02-12 N-America 20° (warm advection) 40 m/s
91-01-30 N-America 10° (warm advection) 40 m/s
89-01-11 N-America 0° 10 m/s
83-12-27 N-America 0° 20 m/s
Summer

91-08-02 Britain/Cont.Europe 0° 10 m/s
91-07-08 Britain/Cont.Europe 0° 10 m/s
88-07-10 Britain/Cont.Europe 0° 10 m/s
84-07-11 Britain/Cont.Europe 10° (warm advection) 10 m/s
82-07-03 S-Ocean 80° (cold advection) 10 m/s

Interm. Season

99-09-05 N-America 50° (cold advection) 10 m/s
97-09-27 N-America 10° (warm advection) 30 m/s
89-10-31 N-America 0° 50 m/s
81-09-01 Britain/SE-Ocean 0° 30 m/s
81-05-14 Britain/Cont. Europe 0° 20 m/s

Table 1: Five most active thunderstorms of each of the
three seasons during the period 1981-2000.

The most striking information revealed by Table 1 is the
fact that the airmasses in the winter thunderstorms
originate exclusively in North-America, while the
airmasses in the summer thunderstorms originate close to
Britain and/or over continental Europe. The
thunderstorms in the intermediate season feature both
sources of airmasses. There is always significant
advection of the airmass prior to the thunderstorm,
particularly in the winter storms. There is most often, but
not always, only a very little change of wind direction
with altitude, indicating limited baroclinicity.

4.2 A winter thunderstorm

A typical example of the meteorological conditions during
a winter thunderstorm is given in Figs. 5-8. There is
strong flow from the southwest at all levels. The airmass
in which the convection develops originates in NE-
Canada and has been advected over the warm Labrador
Sea and the even warmer Greenland Sea between Iceland
and S-Greenland. The satellite image (Fig. 8) shows well
organized convection with towers reaching up through the
troposphere over a large area over the ocean to the south
of Iceland.

4.3 A summer thunderstorm

A typical example of the meteorological conditions during
a summer thunderstorm is given in Figs. 9-12. There is
moderate advection from the southeast at all levels and
the airmass originates in continental Europe. As in the
winter case, the flow is close to parallel at all levels
immediately prior to the thunderstorm and the weather
situation is relatively stationary with a low pressure area
at all levels south of Iceland. The satellite image (Fig. 12)
shows a cloud band reaching from Greenland, across the
southern part of Iceland and extending towards Scotland,
suggesting low level convergence on a synoptic scale.
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Figure 5: Mean sea level pressure on 21 January 1994
at 12 UTC. Contours with 5 hPa intervals.

Figure 6: Height of the 500 hPa geopotential on 21
January 1994 at 12 UTC. Contours with 50 dam
intervals.



Figure 9: Mean sea level pressure on 2 August 1991 at
12 UTC. Contours with 5 hPa intervals.

/ ~

o1/21 01/20 0118 o118 0117 L%

LlilH

Figure 7: Trajectories at 500, 2000 and 6000 m.a.s.l.
calculated backwards 5 days from 21 January 1994 at
12 UTC

RRili,

S— _ i Figure 10: Height of the 500 hPa geopotential on 2
/ F’ = o : - August 1991 at 12 UTC. Contours with 50 dam
&/ intervals.

Figure 8: Infrared satellite image from 21 January
1994 at 17:07 UTC.
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Figure 11: Trajectories at 500, 2000 and 6000 m.a.s.l.
calculated backwards 5 days from 2 August 1991 at 12
UTC.
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Figure 12: Visible-light satellite image from 2 August
1991 at 15:00 UTC.

5. Discussion

The differences between the winter and summer
thunderstorms calls for a discussion on the dynamics of
the storms. The well organized convection over the ocean
in the winter storms and low static stability of the airmass
(not shown) indicate that the flux of heat and moisture
from the sea is of primary importance in creating the
thunderstorms. The wind speed is very high in some of
the cases and mixing through mechanical turbulence may
therefore also play a role. Most of the summer
thunderstorms are associated with synoptic scale
convergence in southeasterly flow. In these storms,
forcing from the surface may be of a smaller importance
than in the winter storms. This would be in agreement
with the fact that the relatively cold ocean has in general a
stabilizing effect on the lowest part of the troposphere in
this region in summer. Heat flux from the land surface
may however play a role, and the fact that the summer
thunderstorms are more frequent over land than over the
sea supports this. With substantial winds in all cases, a
positive effect on precipitation and thunder activity from
topographic lifting should be expected [4]. In the winter
storms this effect appears clearly in SE-Iceland, where the
lightnings are no less frequent over the snow covered
mountains with small surface fluxes than over the sea,
where the surface fluxes feeding the storms are present
and strong. In the summer, there are lightnings in the
central highlands where the airmasses have been
submitted to topographically forced lifting.
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6. Conclusion

An investigation of observations of thunder and lightnings
from manned weather stations and an automatic lightning
detection system show that

e  There is large seasonal variability in the frequency of
thunder in Iceland. Most thunderstorms occur in
mid-winter, but a secondary maximum is in July and
August.

e There are indications that lightnings are more
clustered in summer, than in winter and a higher
proportion of lightnings are detected in the central
and northern part of Iceland in summer than in
winter.

e The winter thunderstorms are formed in an arctic
airmass that has been advected rapidly from N-
America over the warm N-Atlantic Ocean, while the
summer thunderstorms tend to be associated with a
front or a convergence zone extending from Iceland
to the southeast or east. The low level airmasses in
the summertime thunderstorms have been advected
from the southeast, mainly from Britain and
continental Europe.

e Most of the thunderstorms form in the absence of
strong Dbaroclinicity in the lower troposphere,
including the storms in the summer season.

e There is significant interannual variability in the
frequency of thunderstorms at the south coast of
Iceland, but no sign of a long-term trend.
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THE ORIGIN OF AIRMASSES IN MAJOR
THUNDERSTORMS IN ICELAND AND THE
PREDICTABILITY OF THE STORMS
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The evolution of the atmosphere prior to major thunderstorm events in Iceland is
studied by tracing the airmasses back in time. The backtracing reveals large season-
ality in the trajectory pattern: In wintertime, both low level as well as upper level
tropospheric airmasses originate from N-America and they are highly influenced by
the blocking effect of Greenland. Airmasses in summertime thunderstorms originate
on the other hand from the south or southeast (Europe) at low levels, while cold air at
at upper levels is brought in by westerly winds.

Thunderstorm events are simulated and the predictability of the storms is evaluated,
using atmospheric thunder indices. The simulations reveal reasonable accuracy in
the short range forecasts. The sensitivity of the forecasts is discussed in view of the
THORPEX campaign on atmospheric predictability.
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CLIMATOLOGY OF THUNDER IN ICELAND
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The climate of Iceland is characterized by stable and cool airmasses, both in winter
and summer. Severe thunderstorms that cause damage on structures do however occur.

Fifty years of meteorological observations are studied and the data reveals large
seasonality in thunderstorm fregency, with two maxima, one in summer and one
in mid-winter. The summer maximum is smaller than the winter-maximum and
summertime thunderstorms are related to systems that develop over land, while the
wintertime thunderstorms develop over the ocean and are advected over land. The
summertime thunderstorms form in weak ambient winds, whereas the wintertime
thunderstorms only occur in strong ambient winds. There is significant interannual
variability in the occurrence of thunder. This can be attributed to variability in the
general atmospheric circulation, and can be linked to similar variability elswhere in
the N-Hemisphere.





