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Abstract Combined with the stochastic lightning parameterization scheme of self-initiated upward lightning, a fixed back-
ground electric field is set, and then 2-dimensional fine-resolution lightning discharge simulations are performed to investigate
the effect of building height on single upward lightning trigger and propagation. The results show: (1) The upward lightning
branch is less in the initial stage; to about 2 km away from the ground. the upward lightning begins to appear a lot of branch.
the lightning channel begins to appear obvious bifurcation; some part of the path transmits to the high charge density centre
vertically, and another part of the channel bypasses the high charge density with outward horizontal transmission; the upward
lightning vertical transmission reaches only to 4 km, where is the negative charge center located, and it is unable to reach,
through the zero potential line, to the positive charge area above. (2) Building height plays a key role in upward lightning trig-
ger, and it is more likely to trigger the upward lightning with the increasing height. And (3) building height has certain adverse
effect on upward lightning spread. and with the increase of building height, the horizontal and vertical propagation distance of
upward lightning, the fractal dimension and the total propagation length of the lightning channel are all decreased gradually.

Key words Building height, Upward lightning, Trigger condition, Propagation characteristics, Numerical simulation
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Fig.1 Sketch for the simulative structure
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Fig. 2 Sketch for the classic dipole charge

structure in a thundercloud
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Table 1 The geometrical and electrical parameters

in the thundercloud charge regions
ZH o0 (nC/m*)  zo(km) zo(km) r,(km) r.(km)

SIX -0.8 5 9.5 3 1
PIX 3.24 5 7 3 1.5
N X AL 5 4 2 1.5
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(Berger, 1978) , 1A [N Hi i 3B hy §: 44, 55 j8& H R 4¢
5 b ORI 1, DI, DA R ] L ) 3 e AR
I DUAR L TG vk 22 W 2 [8) 43 B 26 i O 1) 5%
Mo BT LA A X b B A% 1 B o B 0 5 AL 3
Je3 2 BAE Y 7 s — R AR 2 (8 (125 kV/m)
NG E PR OR BN P i
(Mansell, et al, 2002; # %, 2006) , BIE K IE
Ol S A Ry - EdkliE s, IHaEelfc s
PR 30 A A PR R A 2 R H 3 R e REE R
(4D B AL 3 O 38 1 — 38 18 S 4k .
LA E N~ Ea D 1 E =] Eu |

pi(E) =
1 O | E: ‘<| E('rit |

i=k
F:Z(|Ei‘_|Ecrit|) (4)
(=1

K, p WHERELF i IH— b R 8. E, 38 8 5 [ 25
¢ A S G TE A (E] Y L R
2.3.3 GEIE AL KGEIEY RIS A R R
B TN L R R — A L B AR B
FA K N L i EATHE 0 BN EL % EL (Mansell,
et al,2002) , F BB X T = il & N, AT
DA HL P T30 H o R A 55 AT BB B T O A B R
JERAR S i LA B 1] 5 S A5 e DA il 3 1 PN P 3
{EL(500 V/m) ANid A 485 208 i % 0 3000 V/m,
MR S DL IR S R AR

$(m) = g — 5 > End, (5
i=1

S S Eod, A 50 BRI R 6 40 2 I D
m H BB d Oy B IE s Oy 5 o
Bt g 2% o B3 OB A0 19 R 500 o F
AT BT S R R S
Ay 0 LA 0 B U U A5 b B A
HH iy 0.

% FECL SO B L3 A 06 5 0 24 55—
5 0B I« 5 2 ) 0 A 5
R I 0 DR L [ 30 A O — 2
31 9 A > 3 B

Vip=—~£ (6)
R PR A it 2 AR H A filf A AR O R ERT I 5 A 2
) UL A o KR B S A R L 3 A A
[ FRL 57 A T 381 4 5 6 0 FL 37 6 136 T B 23 M JRUR



550

A T4 % 1 LA B e L S A LAk S
Ji€
2.3.4 N RERA L

FEAE AR S A A AT I R o S O S S
o] B PR 358 2 22 18] L 377 5t JBE 6 268 368 L2497 T A% 4 B
Eq i 0= B AT A AL A8 G 2k 2 T A IR s D
. EATIN RS RRES . A E A . T H R
TR E R 5 Y, % 8 B AT IN W ih B Be iy
JA B AL R I . AN R AT N R A o R A
A RE 2 AR A [l i DA B S AR i H S BB L A 4 A
oS AR i DU 2 LB S 25 A P R R
L

3 UL

P 3 g A [ v 2 S S0 400 2 i v 37 WO e 2k B TR v
JE Bl A PRI Sl B SO B AT DR PR G A S

Acta Meteorologica Sinica S %24k 2015,73(3)

[f] L A2 43 A DA B 3 8] Ha i 43 A Hed L 18] 3a—d 43 5]
Ry AN T o B SR Ml % 1% DR R 3 T 45 4 5 S TR LA
Gy o B 3e—h 43531 Sy i X6F IO 114 25 () H 4eF 5 DA R S
T3 A o PR Y F A 5 AL TG — B e 2 A R
K/h—30, HSY) v B AR 344 50 m, {Hig T
ALY B T AT I R G s B 3
fF AT DX o MRME KK 3. 89,2, 84,2.19,
1.8 nC/m?®.,

MNIE 3 ASHE & B, (1) EATIN S 2 b ik &
X [v) A% 4 19 DA R AS [] S G0 4 B B Oy B o) A% 5 1 TA)
L A R M R S A FLBLRL AT T O IE
Wk AU R i EAT IR S SRk EATINE . Sa-
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Fig.3 Lightning channel structure and the potential distribution as well as the space charge distribution

for the different heights of buildings (Horizontal ordinate is the horizontal distance of the

simulative domain, ordinate is the height from the ground, blue lines are for the leader; solid and dashed lines

are for positive and negative potential contours, respectively, and the interval is 50 MV; the rectangle is

for buildings in (a) — (d), the height of building is 300,400,500 and 600 m, respectively; solid line is

for positive charge density contour and dashed line is for negtive charge density contour. The charge density

contour is equal to £0.2, £0.8, £1.2 and 1.8 nC/m® in turn, the black diamond is for initiation point in

(e) = (h), and the height of buildings is 300, 400, 500 and 600 m, respectively)
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Table 2 The vertical and horizontal extension

distance of upward lightning triggered by
the buildings of different height

I (m) EEHEMIER Gm)  KOPREMIEE (km)
300 3.6 2.7
400 3.5 2.6
500 3.2 2.0
600 3.2 1.6
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Fig. 4 Variation of h with p,

when lightning is triggered
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