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Lightning Strike Simulation and its Application to the City‘ Planning
Toshihiko KOUNO, Shigekazu KATAGIRI

ABSTRACT

In eighteenth century, at the advent of the modern science, lightening became known as
the electrical phenomenon. Since then up until today, there have been numerous
remarkable developments in the area of electricity. As a result, including the development
of the personal computer, electricity is greatly contributing to the achievement of the better
quality of life for human being. However, the research for the lightening, which can be
considered as had helped to find the electricity, has not yet getting a hinge of its full
understanding. The lightening discharge is a statistical phenomenon, the main constituent
of which is the increase of electron through the ionization by collision. Another aspect of the
lightening discharge is that the thunder path formation is in the form of stepping
development. The electrical field is self-generated, and the next development stage of the
lightening in terms of direction and the dilation length is depending on stochastic growth of
the electrical field. In another words, although the electricity can generally be, it is not
possible to present the thunder lightening in the form of standardized analytical
representation. Thus, it is a phenomenon which lacks the reproducibility. In this situation,
although we can not state that each part of the lightening discharge is revealed, by adopting
the parameter of the lightening discharge which are already known, we can create the
simulation of lightening development path, and plot these data as a three dimensional (3D)
mapping, and we have conducted the prediction of the lightening for City Safety Planning.
This research is crucial and will become more important from the standpoint of avoiding the
disaster by lightening in the urban area, as we utilize electricity more and more in our
everyday life, such as an intelligent building system, or the ubiquitous network.

F—U—F: BHE BEBVIal—I s, HFheLmst
Keywords: :  lightening discharge , Simulation of lightening Strike , City Safety Planning

1. ¥x08% WCHEKL T3, T L 2o mBOWSIIERTE

7707V ORBGTERICL Y BIIERES R E RDICE > TR, Fhit, EREORL
THDHEEOMANLIERBENHBEY . 2D, PEREMICLIETFHMBEE L R ABERST
BRRPFICBITARBIZER LY, TORKE, =2 HY. O, BFEEROBENPAT v 7HERTH
Va— S ORELZEDTAED LY BUWATFIZ KN V. BHOERIZL DERADREED R T » SHERED

— 265 —



jfﬁ’@@(ﬁ&’%ﬁ%ﬁ)éﬁ#—ﬂ@@ﬁ/ﬁiklo'(b‘?é?bl
5ThD, ENHEINIL, MOBRBELICE TITE
5 &) RFTRIRBECTHE -IZKRT I & 75>tﬂ§l€7‘£b\o
S, FRECRITIBHAZRTHLINLTH D,
FEHDOBEBIZOVWTHLT LHHBA L TWD LI

SABROD, BREOMYBTNDH T A—-FEI

WART, BEEEBROD Iz V—ardaBa
— & PICERLT, BETHEZRFET .
ATV T2y PEARLIEXZ ARHRICEANT
HBARCREARITBN T, HHBIZ L H8MH%KSE
T AEKND, 4, BERBFETH D,

2. BREFMERCEEERER _

TITHE., YIalb—a VIIHER, BODK
ML EETHIERT, UTOX5mEd %, £
FRREIZR>TORNEDLH DD T, 5%OHE
MEEL B, . T ORUEEE LSBT
WRWTEBEINDZRELDLH B,

BT, 1) ARG TEIRETHION, £
OFERESGRE BIb, PHE) OB FIZOWTHR
L. iz, 2) B4ALZEEOERTH Eofma
~ (PO NVEEED~ BETOHRERSGN?
IZOWTHRET 5,

1) BEERRLEREORESRE . HRAPHLREE
X, BEREZBVWTIEHEILETH-> T, O #HE4km
FEELL.EEZ1 T mICbRDEHICHKET D,
%@W%:kwf()tﬁﬂﬁkiéﬁﬁﬁﬁﬁ
TEAEEZEZ L, EHROBREZEHD DL
éf&h@f%é BEERBESICIT, @ HELESR
ELEDTHHIFE 30 S THRALEEEICRY,
KELIBDD EEPh TS, (EE: OhEFE TR
FTORYIalL—TarEEDHDDIET, TRETIZ
o THOBEDHEMEERNEINRTA—FTHD,)

BT, V—F—LHEEBERFET VT HICLE-
THEEFTHEELTVBENE, RO EL—F—i%
EOKRE SOMEIS > THEROREZRBIZTON
B, £, BEERFET VT TR ED
1ROERERH > TOLOLEDONEBEFETHDOT
HoT, HTLH, FIEHNTEDONEBIZ2ER.
SEHDENRLETD LIFMOLRNVDT, MV,
ErUiRA v MRTFRIZIERAETH D, o T, T
B, TRLIZ, ERRETIVETHTHICIE, BE
DORERNEFBREIN L - TERERTILERD
5, ETCOEMCERFEZEEBET D Z LIZRE 2D
T, O THECA Y V2 RIZEBE LT, TAX X
BEHOXOICPRIZED T, BEEOMNE L RAESL
VAT TEUNERDHD, BETOHEERGMOR
WEEAT, BEEOMBLRAELZMD Z Lk

%, KBETIIZDVAT LE “FGAZR” EFEA
TW3, BEZEOEMEELY 3EEEL LIEBEDE
ETOHECBTHERIMIER VI 21—V 3
ATEnE 1oL sices,

.0

e 7 N

i // 'R \\

ko yaum N

RNy, \ \
L/ N

=

BLIpDOEM (kn)

1 EFBEETOMEmICBIT HE RS

BRIz L iE, EEERIZIE- T 1 RITHERT
HHH, Ef.LEH EERTHAZATHT,
2 km BENWT-ALE CERICILEZFE LS ZoMmT
Do ZHUITEHRI SR OEIER TdH - CH LD S IS
NFECZDX 7253 %THDT, 2IRTITIEND
WEE EOBRGMIL, FL10 2 kmBihizbZ

AIZED LD RIUEFOHMTH 5,
TDEIBRFAFALAT LTI, HIEARTOE
S3fi% 3~4km BRICA v V2 RICEBE L&
FHoFEIEREZEDOIIE, EZETOEEOHRLIE
BEEDZEIWCRD, o, TOEENEE R
RBICETRZELTWBZ LD LIk D,

EEL RS EZ4km HEICBT 5 EROERE
BEREZBX FRICKRENRBT S LI 50,
ZOEEICRWTIX, ERORE, [IBDSEFITIE
< (102.8 [Torr], —10.8 [*C]) t,toﬂ\z,@f
BEEBEHEER L 1RE 20COHAIC 2
[mmm]aLTW%EFﬁE&¢5&<D4kmL

22 TR SR REE R T 17.0(kViem] £ 22 50,

(gﬁ::wiﬁ&\ﬁgﬁﬁﬁﬁé§ﬁ?®%k
BREBABEMEOBRIITERDH DN, 22T
%, BREEEROMNENS ZOEERA L)
CIORESH EICEWEER T AT THIE
WCiBANR, ZOL5, ERERBRELBLIERIC
RO EOBRIZIENETICR>TWENE
HERTIT R LR,

D EEEETLHED C\n/tn—§-v:
2lb—2alfHEREROIVLERDD, £ZT, B
ﬁ%fwmiéiﬁ%%%ﬁézkmtéoﬁiw

— 266 —



BRAET ML, BENTOBELZE (BEMLD. A
(BEFL) o2 BB 2 BRFTENLE
W25, TSRS AN, ZZ T, EEDT
FiZE 3 DIEBEMEE (ZIWIEND 2 EFFHENRE
L7z 10 SERERBEOR SN, HERAEN DD
EAFVEERSH-TC, LR LEESDYESOES
R ENS,) BEE2EH T, ® BEENETL
B 3EEBELTHIET ML - CHET S,
%ﬁi&m\%ﬁﬁ%mkﬁffé%?wme
T—Z (OV) HMIZERIT DA A—EREE GEER
) #2806 BHENLRD AEMIICL A ERN
HEEETHWS, Zo8E, BRAFKMGE LTI 7
—AET OV THHZ L, R, BEEKERIIfIC
BWNDT, T—A@ED 1 HIZBITABREL EE
HTOEME GEicRD-E=17.0 [kV/cm]) &
ELRTHITHETRICR LR, ThE 58D
HNTHBHN, WL, vary MEEEROT—X
BHBDT. IO SEHLTRETHZ LI,
L TRV Y —%F|okoTERYT D
Ty bbb EFERAICBT A EESRMEL ZD
0y hREOBSICERBICEE L0 EE
LT —2ThD, Zhitksr L, #HEERDIK
WRFR T v MERFLEZOFEE LRV, BILE
BRI, 77 7R TAOBEBCERME,. HHEHCHEEL
7BOE S 2o GREiE, ZOEREI L
bé&_éw%nﬁ/F%HBtH&<f%%*?

5. CNPAREZOROH EEBRTHH®, Zh

LOERBERENO FROL ) CEHTH LG #HE
BARN 16 [kV/m] =160 [Viem] THRKEREE
L5,
ULOBREABERAKERIZL T, R1ICRLZH
EBRSHBRE -T2, 2B, ZOFHEICRIT5H#
RITA—=2%, BEENOBREIIE. ALcFRET
%74 [C] BEE, B3DEAALEETIX 195 [C]
BELRD, BB, #BR—-EOEET, 10
~20 [C] OFFBHBEEFELNTWVWHDT, %D
?D 60~50 [C] HE YV REAZICRWVWTHEES
. o, BREOHEMSMbD - T, ROEHKEHSSI
ERZEINBZEIZRA D,
2) BEERERLETRHEERN: T, kR
DI EREBOHRET AL LMABR Y- TH,
FOEERDMIPLIZEE DML, BELEDIHIC
ELNT X o T EDICITHEE HER VS, HeR
HEXRRBICHEL S, B, SEOERICHER
RIGA—FEHRELT, BEHERY I 2L —Tvay
EETTIE, BERLRVEBIBROEVEED
BRNDZ L3,

T, BEERBEEZ Y I 21— a TF
By o0ER S5, © EENOHRE UICEEIT, B
FEANCEM L RN E AT v TH)ICHED, @ 2D 1

2T v P 50m Thb L SbhT\3@. 2 L

T, ZORIOBESHIZIERSH (EHHE Ly, B
BRZECICL-TEEAHM) KHH ET3B, L
T.® ZDLE 521 AT v 7 e H T, HeRH
BLLTLEHZ2BZ LT3, FMEZRD AT
2 ODFMAEERDRTITR RN, FD 15
X, ETHFRMND ERETEEN TS %30 55
A (a) THY, bH>—DO0MAIE, KAAFEIELED
FENZEL P DOKEMA () THD, BEA (o)
ETHW 0 BExdilETAERSMEY Tidd,
KEMA (B) B DPHHFANCEESfE L TER
XEr, ThERIVELEBTFTW &, BEDEEK
E&SA4km O TH-TH, BEOYVIZ5km AL
72y, —EIOEFEETI0EREDCREHRERDZ LI
RoTH EfHEETHRE Z EIZhRD, (BE: 20D
1 27y 7ROEBHMEIZE L IZRFFEL LT—>
WDW®H%A/F7/5 THENTVWBHLDT,
OB LI R R OO BB ENTIZR, —
ﬁﬁﬁ@ﬁﬂ%ﬁngdmrwékﬁiéOMiﬁ
BRELEBRRTIE, SKEZEMTO1IAT 7D
REIZWPDZEIIFETHDHIMN, K77, BIEERE
BTHRY, ZOREHAKICTHBEERIGEON
5 MY 5,) 22T b LBARICHEETWY
RWHR R T, 1 ATy 7Ridbo B b L
vk LT, Y 30m OBRETIXE I RDZPD
V3al—TarPRBELRD, ETRHREE LTI
K2Rt L5, 1 AT v 7REORERENET
EY, ZHIZE > THERDOESEHIZHK 31T
TEHCELOBEBNBAEL B,

(—-—«— F430m —a— F#50m |

40000
35000

= 30000
= 25000
g 20000
15000

# 10000
5000

0

1RAFY T DRE[M] J

K2 ATy E%E30mE 50miz Lz
BEDRKERT v B

— 267 —



ZIZTEY [EERORSEM] &R DI,
PUTFOXH3ICBmvik>, b, REERETIX, #E
BEVOEELZTIT TEERAPEELIN, £O—H
FATDORT v 7 E TIIEMICHERMICERPEE 5,
Z LT, #ERBEYOR SIZEORELZIT DERIC
kDL FOERBHROBAPFEEICEL RoTE T,
@ B S EiCfd o TY —FIROBEBIE
AELTECT.G Zné ELLHURTEAEEEERFE
PRESZILIZI ST, BHREBRAVEET D,

TDXHRO ORI X ABMATEREZT v
TERBDY I 21— a2 D352 KRO LD
WCRITH, ZOBRBETEDIERRATO, Lo
TEREEHEOKBOIENY DAz RDT, KIITR
Licd o7 FEROKSEM] 2B, Zokk
BEAT o 7D1 AT v THIORMEE TTEDI-E

BOSE A% LLSSP ¢ FEATWAW, (BEEHER

T v FDOARHF— b+ m=Last Lightning Step Start
Point OFE L )

| —o— F1930m —— FHI50m |

200 ¢

REKE]

thihx 5 S0 EREIm]

B3 1A7Fy7OVHES 30m, 50m ¢ £ X
THEEVavvay LTHBAE® LLSSP 53 Y
SIAADE,

Riz, @, ® B, ERERBORZEOEMEL L
TOMEEHEOWRAENE LTIL, #H EEEwD
BIEORBEZITTUTOLIICYIab—T3
VEED D,

BHAT v FDEMIL, a) @F TCOBHMEERD A
XA EEEZ A My TXIEAREHELE LT, #HEND
100m LUTFICRT v FHEmPAVIAALTRELE
DR TIED T, ZDEZLLSSP L35, b) D
BIZLTEE -7 LLSSP »6E T HANCHl - -5

X (hy) & LLSSP H#F0imAdo@EY ol £

T (hg) &OLEBEZER->T, AOFHICERR

ELTHRET S, 2O BEYORSEIZL > T,
ZORBOBEROEEV HFRE-ST, Bib, 7—XA
flH 5 EIZ@d> THRUD Y —FIRBEDOMOE D
EHZ LR D, BB, o) BROBRICLIFESL
BEPE-STLDDT, TRNEEBYHBEFIRFD

FERBELTHEYO, LoT, EHE (he) 13EE

XY LFERELSTETE<RSZ EIZT 5,

BB, BYOWRI X > TRERIFSEEIT®RD
EIHOICLTED S,

BlZ, ERENICABROBERERELE T 5%
BET VERICL2BRHBEZITo T, 7—XflD
BEARERERDT, I oFEREEED T,
e, BEEYEH 22 LERIABTNEEZL L,
ZERIROBENEE L RN T, £, 7T— A0
TEBIABESHE 2 REROBENEYEZR LT
W5, LT, MEEROLEGEEOEEIEEDY
AT v 7R 50m & LTORr—AHM/MEeT NV

CLTEBREBRICLVEELE®,

HERIRE LTORY BxIX, 4BEBETOEN)
TOBEBRHEERZ KD, 2t LT, £
RORDIEEREDHERDOTHWE, B, HiE
BYRF OB EREEED. TICERKEFRL T,
ROES BEMOFFERE Lic, BEV Iz
—va r~DOEBEOERIIFEREPKRE VI L,
LLSSP 0 b 5B ~DOFEME2E 75 L5l
Bie. EsEsn S LLSSP (Zmh o THUYS kA
DY —FRBBEOHWOR L TORYFERMOBERD
BIIZHBAILTEL LT, BYOEEL kDD &
WL, 29T, BOBMMIEIFEE LAV EE
SMBEEF-EDZLENRHEKS,

3. EEAMEDT-HD 3 KoHIEER
BENDAT v TTHICER LU CREEEIX, B#
EXPEC, I EOBREYMORELZIT T, FERANE
FB5L910, TOEEVI2L—Ta VTETER
DT, 3 WTHRIERILEICRDS, TZT. #
YyTal T AOPII, FEBOE S LiBEEMELL
72 SRR T — & #Rl= 2t hidZe 620,
2EOT —ZBE LR, TEHET —F 05
BHILDOETD, TR IJRRZPLELE, B
L OTHEM (REREIUHRK#X) 2, £
TR E L TEALE, 203 KRTT—4i%, £
EHIEE S LI, FEFTOBRYOKE X (R, B
B X) ZEMBEICX - TE&EL THIRT — & X—
A % —BF—8F A J) U CHERR L7z,

BEONE L MR ONE L ZF—EECTREALR

— 268 —



FuEia b, ke REEERENRE 2 LD B,
ZZTCHE, WAEAE LT, JR KERE FERE R A
EL, BB XEIES, dEFEICY @iE% - T
BET—2% AN LI, Zhi, B LICEE
WCHIRE AT — kT 20, flaE, FTue—nN
NEEDOREZERRE L, T b & RO FUR
(Bl 212, BFERITHTEROSER) £ CoEEEE M
Z25 (BRI FRiz L > T, %K, 58Izt
D), Ei, 1HIKD JR BRAHUSFA L LT,
F AT D BFAEHN DO BRI 50> b DFRREA N2
B, Lo T, BEEOMBIX., DX 71 Hisg
ES (ZOBRDOET AT JR MKER) 25 0iE
BEE LCED D, BEEDOE S T—IC, #iE 4,000m
ET5, MEOEEKIIFOHIEASILTEET D,

4. FHFHE~DOEA
IOBEVIal—YvarTlulgrkrvao—I
¥—hELTELEDNIEH 4 DEETH B,
FulyT 00 1), 2) ITEERREFAIL T,
EEONE L RAENDEORAERRE TMT 5
AT A TH-> T, EEOETRIIIEIRNERWESS
THdH, L L, ZE2EIHE S 570D,
N— RE T, BRFHIEEH Skm MR THEHO BIR
CERETAVERD D, ZIUIKREREROT,
., BEELMKICB THEE LT, EiABRE 75

VENHD, o, ZOWHETUVEELTHWS L
FTHIE, EIEIERBDH L NICONTHER S,

1) #BFRICEREL-BEREFTTORA

2) PRIZWEGIFRADEEORKE-
BRAEZEREHETS

CCTHIYBI AL

3) BETHEOHRT—SERUHYT

4) EEVIL-VIVDETA FEET

5 EOBRPICEETTEINEEDT
FERENEHEIND

M4 HEL I 22—V aro7u—iti

K5 3KkTHEEROFEMA~OESY V-VivEITHRO 1H

— 269 —



Bt »AHEOEERELZ SIRc#iT—4% & L
TEH->TWADT . FDO HICEENREAELZE LT,

BEVIalL—arEERTBEILIIAETH D,

ZZIZ, F%O) ﬁj%.5 u/j—kg—

L, avyEa—FTETFEIb IR EF
SEICEBLTLE D DT, ZOHBEEIZRWTIX
LK ET HREEN—BRBVILENHEHT LI L
K&éoiof‘%éﬁ_ﬁbwﬁgfw?4/7
FRERLLES & LEBAIC., i —ZIZREHTE
D 3IWILT —F BT MAZ T, 2O L TOHEREM
ERNRDZEBHES,

COEBRIIHENBHRTHHDOT, 1HDI I
2=y a URERITIZEE A EBERERETZR,

ZOFHELWEMERBETHATEL K L TIE, HER
BioTL 50T, FRUT LT, THEREEX LD
LT s b NI 2D, BE
X > T, ZTRET, BEOFREMENSIFERTITEL
SN, BEERER->TERIHAELH D, Al
b, BEEHBRER EOBEMRORE L%, st
B ARRICGEAT 5 Z &8k D,

5. BbYic
KEBROYENZEMATEER+H5TH B,
AL T, ZOFTH, AT v 7HIELI BV Y
DLERFEEZ S YD LA LR2THER OV A
WL, ehhnb, BRFRE TICEoTHnaE R
FA—HFETIZ, BEVI2L—Ya 28, »n
2, ZOFHMHEHE~OBEPERLT, T, 20

SEOWREDE 1 B Tho T, BEERFREN - DS
BICHEREZR- T, XD, BREOEEELZEA
MO/ T, LV EBREE Y IaL—a VBNEH
T5HZEEMET D,

(&5 30#k]

() MERE, i FEERLV-VICE2%E
SHEEERL-EETOERFE.
Research  Letters on  Atmospheric
Electricity,Vol.8,pp91-97,1988

(2) Z=WREERFEME)  [ERERFEE (R) ],
BN 77y, pp.196,1974

(3) HEE, HIEHE. th: [LFEZE0RE
b Rz VBB ORI, ERFEWIGE
B. Vol.106-B,No.8,pp.685-692,1986

(4) FERE : EEER ORI & ERS
FTHOHI. BRFSHREFESEER.
ED-96-213,pp.245-251,1996

(5) WIERZE. fi: [EETFHVATAOBEIZEET
LA ORE | B AREZER SRS
%75, pp. 29-39,1994

(6) WHEEZ: EXEBROBHECETIZ, =
DEBOMRE, RBRKFELR/XI
p.31,1982

— 270 —



