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Lightning Risk Assessment and Zoning in Beijing
Based on the Technology of Spatial Grids
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Abstract: The study primarily depends upon the climate data to analyze the climatic characteristics related
to lightning activity, and the data collected by the lightning location finder is also required to denote the
cloud to ground lightning density of each grid cell. According to its degree of exposure to lightning and the
characteristics of lightning protection and avoidance, the potential lightning-striking areas are classified as
the building, the outdoor area under the building canopy and the open field area. The expected lightning
stroke times (frequency) on each class of lightning-striking area have been worked out properly with the
parameters of CG flash density, equivalent intercepting area to lightning, lightning protecting capability
and position factor in these areas. Eventually the risk assessment has been carried with the formula of risk
= frequency X population. The assessment reveals that with dense population and aggregated belongings.,
the central urban district is the highest risk zoning of lightning, as well as its high flash density, while the
risk of the suburbs and rural areas are not high. The conclusion is demonstrated by the distribution of

lightning disaster event occurring in Beijing from 2004 to 2008, and the result of the risk assessment is
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correspondent to the actual trend and situation.

Key words: flash density, lightning disaster, risk assessment, grids
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Fig. 1 The sketch map for three spatial samples of stricken area

by lightning and their distribution



%8

JE P 7 2 - 6 DR v R XU BT A O v 45 T 1007

2.2.1 EAMTEARFHRIGEL

HEHYI I T AL F R N, TSR A R
A

N, = N,A,C,P, X 10°* (2)

L, N, & K% E (i K+ km * -
a ') Ay LA EE S I EOOE AL G m®) L Gy
NS AL E T, Py g SR B b
B N, b, ERSBER D 8 RN .

(D YA R A, 3HE

H @ AR T L R A A I AR R — R
AN Tv) 2 357 400 5% DA L 1 6 1 00 R — AT 4 T 3 o )
TR S B LA

WEN 1. N7 3R %ﬁ&ﬁ%%ﬁ%u@ﬁ%
FR JLAR AT 25 o0 JE Tl P80 2% o IX L 8 b X A0 s 1 5 9K
ST B BE B N IR S S Y 3 % (R 2a)
ZZwp X 2 108 B0 Sy 5 o T oy g A o A T
F 2brh JE S vh X M U b S DR
W B T B MR S R S P W Bulfer s

| ) |
| @D |
| i |

B2 X~y g S A A B AL T 5
Fig. 2 The calculation of intercepting

area to a single building

YEN] 2 - 40 SR A St 35T 00 ) A A T B P R
T SR P 1A [ R W A% B R Ol B
Tl 5 SRR G 2R — A R SR B i B T — 3R
Wy o A ey At SR ASC B 2 S 0 1) 22 B R 2 ol R A

BN S BAR A A A D M E S . A A
Y AR B RHCE 3 HARE RN
H,
Ay (A) = Spygrers — (1 — H, ‘F\HB )So
H

Shuftera (HA +BH”)S(> (3)
A,(B) =S —( Ha )S €Y

d BufferB HA + H” (@)

K. AL CA Ay (BY IS A F1 B SO

B Siutn J BB R FYF T A7) 3 AR SR
G vh DXTAT AR » Spuers W R “ B” 5 o X T FR L S g 22 o
XA 5B RESM>ER. HaHy 5050 0 & 509
ABIERME. XEWREWR A B WY
F18 g 3 — 0 IR 4 B A S ) TR AR el A R

| HA A

&3 Al 5 A AR UE AR A R
Fig. 3 The calculation of intercepting

area to double buildings

HEN 3. A 2 A~ S0 A Bl AR BT &
(I 4, A~ # 5R) f AOCIm BR 3 A

H()
} o (B

ZH(z)

Hn)
} o (6)

EH(Z)

AL A D A G N B %1ww@ﬁ%n%
%U&E*/HSB ffer(1) ’"'7SB fer(y )jﬂjil_i_ﬁ%%%@
AR ChFE R 50 3 A% d 50 i B2 09 22 i D
So (1) ==+, So () 2y SR W) 5 HoAth 1 50 49 2% vl IX 1Y)
FEAWHEAHD -, Ho) WA 5 .
ERZAER Y S BN 0 EOE A
5 7% ABAE Bl A DR G T R R A SC Bk S

1 N
Ad(l) = Sl;urrerm - [:

1 —
AC[(n) - SBuffcr(n) - {

B4 Z A w5 O FR A A
Fig. 4 The calculation of intercepting area

to multiple buildings



A

1008

% 9 38 %

BT X AR FEAH R BOAR 4

OO FEFY AL EN T C,

S S Y R AR R L AR [ A R i
FAOFRBA W T 2 A AL BN T
YL E N TR T8 i DEMORT R gD .
1E DEM %dls 8 2 S04 A 10 250 m #1893 [ A
S AT Y R S B T R RE S A
PR RS WK 1,

R1 EFYMNEEFREE
Table 1 The list of estimating the building’s

position factors

A S 4% R P R W R B R R Ca

B i A S L 0.25

JH B AT R T o 2 A 9 R S 1 0.5
IR ST » B TG Ak 2 S 1
AN e B IR @ 5 2

(3) FFYBIPRe S P, A

HES W B B A S R BAE X N B A AR B RE Lk
HESY 0P BT B B N R SRR RE S = AN
T . MY TR U A R AT W BN
RGT-HE P, S EY R FEMR P, XS BN
AU R P, = A T7 . Rt

P,=P,+P,+P, (7)
RS BT AR B AS [ 25 8L A SR W) B R R AE AT A
.

()i EHY) TN AT HHER P,

B oy S IR e P R A R S BN R A7
05 F AR P, I F @S LA T T Y B 3R
Jith o b, QSRR I TR . P, B AR P, (8
L,

(b) T i A T B FR R E R P,

Tl Y T B B F MR P, RERR
F Y B E R R 5 (Lightning Protection Sys-
tem, LPS) [ i 75 951 .

(OFEHHERAY BN RGBSR P,

T A FEON T RGBSR PR
F B % Y UL AR Ay B S AR 37 #8 (Surge Protective
Device, SPD) #3154,

P, P, J P, =S50 2 B Y B b
WECV AT . ST LA B R AR AE AR R L
I DX SR A A 2 R0 K W FRUIR 6 4 e b a
b DX A S 2 AR 5 4 O ABE 3 I Bl R AR AR 17 X B % 2,
PACAE RS S B e Py AR S IR,

R2 BEHEYABRERRBERGEHENER
Table 2 The corresponding relations among the building

types the loss probability and the lightning protection levels

A PR R i Z00) LPS By 5 20 SPD {4 231

— s = 4 4 1
i = W — W R 4 5 1

] 5.3 )2 2 1 0
WL = R R 2 3 0

o i 3 1 0

R D R 4 5 2
i e VST 4 > 3

e IK s J= 1 0 0

iz 1 0 0

o5 A o i 3 0 0
2.2.2 B ERDEZRTTEAEFS KK

o 1% H

2 S S P M 4 2 A 2 B S RS 4
MRS, HJC B R ) i s A (B D, i
53 3 23 (0] A AT BB A7 A H A 2R R 2R AR (N L&
eSS Ry B R A T A AP KU HbR . BT
52 SN A FTY) A PR b Hb T 2 R R AT RO R

HE X, HEHERE RN ARH
Nopgp = NA susCy X 107° (8)
KF N, MTEE RS A7 K« km * ca '),
A LRG0 5 58 AL AL m?) , 7E RS T3
o 46 I A% A SR 1 A TR AR 2 i S 1T R L C
S 1 ST B P A B B R AT R R R

h 2 S]:’;u[fcr ( l)
i—1

Cy D)

2 [ Shurrer (D H (D) ]
i=1

Khoh HEZERYH S E, X 3 m/)2;
H(1) -0 H o) Ry RS 8 SW) & B 5 Shutrercy » o0
Stutterco PR B . AR Z m R
FIEERS,C, HEERT 0. % Sl EHEIX.
2.2.3 U HRFTEFERLARFHERULAEF
235 W AT R AR B S2 PR B A b ) GRS IR 551X
Jiti 45 ) AR 7 22 A1 B b B S TR) L ok B TR AR AT RE AR
A NG LR SE A I, 3K 4 Ml B =2 JE AR
S5 b P 1 A SO R L A2 TR R XU LA )
WP E AP Wb B K AT A T o B =
ARG S
Npz = N,A 4 C, X 107° 10
PN, b R % 8 (R, K« km? o«
a ')y Ags ST IS R (AL m®) L FE ]



%8

JE P 7 2 - 6 DR v R XU BT A O v 45 T 1009

ARG R 2 T RS B G AR 2 WA LG R T A
SR A 55 B 114 AT B (R X s Cuse o 01 B
BT 2l i 0r B R T Co 5 245 ) DEM %L
B9 BB (9 A5 530 o A S L0 L 3% 3.

®3 ZTHHUNERFESHBETREES
Table 3 The relations between the open area’s

position factors and terrains
25 b A B R R R 3 ) Ca
JAl ] 250 m 3 [ P A AR 8 m i 0.7
JAH 250 m 5 B R 2E SRR T 5 mGbRifEZ) 1
L T Lt 1.5

2.3 ERRENKEHITERRE

g KU 2 B0 5 R R R A BLVE R 45
B G R A RO R VAR 1 B R AR AR S
— TR EY R R KA R, NBERAEH K
FIME— 2R IR H B HL K A A AR JCAA L
200 8o NN R Gy T A O TS NS el |5 B !
P, AR UCE R R AR IX — 23 ] 3 A R
fiE + 3 L6 PR T PP Al 1138 K4 B i N B9 BEAE
BT FL T R PFAl B R A DA 4 bR BBk 38 )
B . S B HUCE KU TEAL A A R, AR T K
B XU DA T 7 B B Ay = ol R 9 1A 23 ) 26 A, g ST
e 2 1) T PR AU HE B (L) 153 R =

Ls = NuLiHy+ NuyglL,Hug + Naz L s H s

an
A Ny N TN g 53590 O “ S0 | 32 1 50 ) JE
PHHR 43 FN 25 Ml ” = b 25 (8] 28 R0 i) B o e B SR
WL Hy s Hay B H g R 7% 55 7E bR = P28 8] 28 7Y
NG L Ly B Ly 50 50 o @S 40k % %
e Ry B R B N E BN Y Sl UM X NI K S
RoHH Ly =L, =10"" % 5UH W P B SN HAS
Ty FAREZS U M A 1 B 52 T AL 10 m X 10
m 438 R, T 7E— > 1000 m X 1000 m f¥ 25 [ [ 4%
HOGH A LRI R 107,00 Ly =10 ", — iR IA A
S 2 L 2= AN AR A B

TN VR G 0 5 0 A 0 35 A7 SCik
NI X — RS N E ) R AL P 12—
22 W22 TR g Al B A I BE P AR T EG SR AL
SR R VEAR TS B P AR N L3R A TEAG
& BTN P A 25 S 43 B A S R 43 1 N 1 Gy
i % B — 3K

3 SN KA R o i

S RE A3 AT T A6 T X 48 A A A s
AR I N e WL ORI B FE T E I s | R S R
TR HAE 30 REAT AF TN U B KB 9. 59 K
«km * +a ' 245, 5 Christian %715 2] 1) & BR4E
S 27 DR L B DU AR — 3. MM B 7E 1.6
~2.4 %« km e a ' 2Z )L 4D MR M K
B A L B 9 0. 2606 2 L XA LA 5 IR T
Hiu DX TR R 3 2l 1 A R AR R AS A AT 5 Sk (22 J9A
R B INE325 HE A HEEON 2/3 DL B RHAE
ARG .

P 5 AR A H S 6 4SO R A H ) b 5t X 3l
N A, bt X N A 2~3 M Efd
DX 38 B AT VS e B L ) e 3t 3 XL b st 4k
I —— B L —f7 LR — %% = — i
(B 5 1 ALB,C Ak . P Rg 55 S Ja7 3t 385 X7 b
DR 5 B R L Jhk 9T 9 46 3t TR 2 D) A 56T e LR
ST A T A M XA 25 K VR LA R R A R AR
T s XTI LB BR L 1 X M TR 19 46 T4 P (R R Rl 1 5
X UALE Bl o I X DA % R X A R ) D PR T g
5z X 3 b Ak b 5t 2 2R KU R KU 7 A G T —
FREIA Ay Bk T 0 3 SR T 3 T b DX XU ) )
W RTS8 i N L% e S
T2 5 AT Y B L T G R A e I
S LSRR B B 114 DR PR 8 BE 43 A ARG 3 TR R, T Bl

K5 SR HIIA H e A B R Y Jb 5t X
HOTA 5 B Bz . IR k2 o a D) 43 A1 A
Fig. 5 The distribution of the cloud-to-ground
lightning density deduced by the data collected
with the lightning location finder in Beijing
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