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Abstract A two-dimensional fractional Brown motion (fBm) model is presented for describing the rough ground surface, and
we have analyzed the propagation effects of a fractal rough ground surface on the lightning-radiated electromagnetic field by u-
sing Barrick’s theory and Wait’s approximates. The results show that the rough land surface has no or little effect on the verti-
cal electric field generated by the lightning first return stroke, however it has obvious effect on the field generated by the light-
ning subsequent return stroke. The rise time of the field waveform increases with the increasing of the roughness, and the field
peak decreases obviously. For example, when the ground conductivity is 0. 1 S/m, the extra attenuation of the field peak and
the extra risetime of the waveform caused by the roughness with a mean square height of 30 m are about 12% and 1.5 ps in its
propagating 100 km, respectively. Therefore, we should take into account the errors in the accuracy and efficiency of the light-
ning location system detection caused by the rough propagation paths of the lightning field.

Key words Fractal rough ground surface, Lightning return stroke, Vertical electric field, Propagation error

WOE N TR I R A R R FR R B RS b 28 o R L W 1 £ 1 RO S R i S R 4k 4 T T T AL TR R
22,985 R Barrick 22 T BHHTELIE A Waie 3 (U504 0 58 TORURE b 22 00 57 B B G 37 G 1 MO S I . &85 2R 3R B L OHERES b 35 X b 17
R ] 2 A 0 N BN Ak TR A A B S R e . B R B R 10 A S T o 2 e 4 0 0 s AR W
B, B UK w8 bR e R OR . andk S el B R R 100 km, 575 = 0 30 m MRS R (R 0 =0.1 S/m) ]|
AL I 3 L S W b TV IS MDA 0 1 2 1.5 s L S W (A A1 0B /N 2 1206 LG5 o I 25 b 16 P S 3R A /N 3 K. Rk
TE 32 B AR o 25 18R 2% 3 T b 2 6] TR P o 2R 0 A IR B 0 A0 1 W RE S I

KR B MBE R, T b, MERY, HFRFRE

FEESEE P427.3271

1 8 = DU FE T L R A A L TR A L DA B T R A
B &5 75 1 WF 9% W) S (Master, et al, 1984; Cooray,

Hi IR [0 o v S 5 AR R R R L B LR et al, 1986; Rubinstein, et al, 1989; Zhang, et al,

* BEBNIRAL . [ 5 A AR BL AR R A T H (40975002)
VEF I o HoAR, N i Y 3l 8 3 398 S B 8 A Bk W TE 3 K a7 2 R T 98 . E-mail: zhangqilin71@ yahoo. com. cn



358

2009, 2011a, 20011b, 2012a, 2012b), @ F #b1m
HL S A R 2 G 3 T R AL AR I R A
PR SH LU, | S N I P 3 DK e U S /N L BB
b T )R A DA, DT XS N 22 v A R E AL L LA
R B R 4F 7 IR 77 AR %2 I (Rubinstein, et al,
1996; Cooray, et al, 2000; Cooray, 2008, 2009;
Delfino, et al, 2008a, 2008b; Shoory, et al,
2010), A, 20 4 80 4EACHI W, o T WF 58 i
PR AT T 3 ) s T A R B A AT L PO
KB HL S B AL K (4 S/ m) i B L 3 3 kA X 3¢
/N, Weidman 2 (1980, 1981) , Willett £ (1990) X
DN B, 25 00 B g vt 2 LT L ORI TR T
TR AR TN ] o 7 AR 0 L G h L B 1 MHz 1)
iR A O3 i IR A S O 1 ) KR e e B A
20 MHz i) W JUL - W i R ], Ming % (1994)
Zhang 45 (2012a, 2012b) BELLAIF 5T 1 AL R 6 18 % 7
H, P 1 A2 i 0 S2 0 A R YRR T 10 MIHz 1,
R P 100 5 2 1 S Ul N S A

FIKEL A TAF TR AH L Bl ot 199 Pl 2 38 SN b T 3 5
A AN RN A AR AL T Y deb o R I 2 ) H L
i M R AL 05T (R 2 4 M R AR E Dl G i
X GEPRE AW 8RR (2B 55 45 % 2007;
Qie, et al,2009; 474 ,2008; Zhang, et al, 2009,
2011a, 2011b; Rubinstein, et al, 1996; Cooray, et
al, 2000; Cooray, 2008, 2009; Shoory, et al,
2010) .t = Hy 38 B L AS ) 3 X3 R 3 5 T 25 0
) s B AN o 3 1 AN S 58 A B AL Y SR R 4
BRSO B BIL R 50 ) 285 R i I X R KR o S B
BILG3 A1 R ECEA AN R S WAL A 1 2 T 179 B0 S 17 100 € 5
A4 ,2000,20105]Jaggard, et al, 1990), M Fit
BB AR — 8 Wb BE 2 T] — i Y i T b 3 A7
T B AHAPE S 05 55 1, 0F BA 0 B 945 sl G A4
&5,2005; 5K 5 4F, 1994 5 10 &, 1999) ., Mand-
brot(1982) [ 73 J 22 MHELE 22 R ST b T a2
4% B LR L0 48, 1999) o 43T LA 51 A F 4R
HLRE 25 R S48 100 LR R 40 B HoA B AR, 7T
FEMI A B AT P F1/IN3E R JC e )R o B OEG  mT FEOR
TR B E A BB ALY 4548 . T2 JE B 6 R LR
HEAT R, P AR R R B R BE WL ek B T — 1k . BB
AR RLRE TR B N O A HERO 2 1] 3 3K

B o TR AT IR B 2% U 3 36 %) 7 P A
I 1% 1 0952 W80 A SCR JH 3 T ASE 40 A AR 3tb 2 ]

K 2013,71(2)

Acta Meteorologica Sinica

Barrick & 1 FH 4T 3 & f1 Wait (1963a, 1963b,
1974) 3 R BE 15 & 43 B BIF SRR b, 35 % il [A) [l o F
GG R0 s2 e . B985 50 i — 20 45 e b i R AR
DR A B A B2 7 UM SEBR 2 2% M (8, IR 7T e &
T 52 A AL 4 B A Xk B P FL W 3 A R T 2 e S fel
AN TR) by DX B HL A 67 AR G0 I 2005 RN B S A AR
KX 5.

2 S RIEN T W R I A
Al b T H S 28 0 B K TA) P, 3 T b T

P AT B — SRR Y 2 R 3 TR KT 1 37 1 R Gk

L4354 (Thottappillil, et al, 1997, 2001)

1 JL/(’) 2 — 3sin’0(z")
2menJo R*(2))

Ez(o 9d7t> —

ﬁ (2 e —R() /) deds’ +

o)

LD 9 36l
1J 2 351n(9(z)i(z’,t—R(z/)/c)dz/—

2meodo cR* ()
Zieoj:“’ sC17nR<9((zz/)) di(x ,z‘—atR(z )/C)dz/ D
B,(0.d.0) = zmloci’ﬁm [S;Q‘}i(j))az’,t—R(z’>/c>
Sci?f((;’; oi(z ,t —atR(z )/C>]dz/ (2)

Ly Sy b TET UL 00 A5 08 000 2] ] o H A K i Sk A
BEE], ¢, = (72470 e LT () SRy ¢ B 20 0000 51 7
Bldr@E K, =L () / o+ LD+ /e, v
Syl B, ¢ ABH, (2= R(ZD /o) &Ml
TV A I A, AR S ECnE 1 R .

Actual position of retumn stroke front

Position of return stroke front  “seen”
/ by observer at ground at time #

Fl1 R B R

Fig.1 Geometry used in deriving the

expressions for the lightning electromagnetic
fields on the ground level generated

by lightning return stroke



SRR A T i o A A ML U Rk R X R L W 3 i B R T

Y TE SR A PR, B EGE KRR J
b 1) B L H 3 F K V-1 3 4 B R (Shoory s et al,
2011; Cooray, et al, 1994)

E..(0.d.t) = J E. (0.dvt—0w(0.d o) de

0

3

H¢.J(qu,[) - J H¢ Lu(O’dVZ_T)u’(O,d’T)dT

€D
HALE,,0.d.t) H,,(0.d.0) 55 51 0 A BR g S %
MR EEBRGMAKV#T.E. - (0.d.t — o),
H, . (0.d,c— o) k3 A8 M 3% 1) 5 B A 3 ALK OF #G
Y. w0.d,o) WG REWREL W (0.d ., jw) IR
k. Wait (1956,1974,1998) #2 H 19 32 Ik bR %1 32
W0, d.jw) = 1—] V/mpe Perfc(GVp)  (5)

p=— wdﬁfrf (6)
2¢
D = 22 (7
Mo

o, A R H RS 26 S AR BT 0 A,
M=/~ Taerfe MAYHNR 22 BB Z R IH —
teFm P . Fk. a2 (D — 7 A5, 2 A LR
b 3% T L 3 A% 4 00 O BRI L SR GR T P A
SR =N

3 MUK b2 SF BRI BT A Y

3.1 FyFmEER

it B8 Barrick (1971a, 1971b) 25 % 32 i L $i 3
W HLRE b 22 55 80 3R 1H B AT Aue AT 78 2 (Ming, et
al, 1994)

H:,S m

' ‘,Il
i v«v «v,,,\v 2\

’l'lb,lll s

E 20 V'l '4 '

g 0 AYI: «‘Z:;l 'll'l"lm Av' \c,'l!"'lt

Zy |||i"4,,,,* e i

=% ||||||||||ll 'IlMl;""l llll I‘.I‘mmlli =
gy

n.lh.'l I A
s

359
Agr = A+ A (8)
oy )
A== (1 k) (9
k= ky(e, —j6001,)"* (10)
k(} - C()(/j()SO)l/Z (11)

Horb A ol R Y R T BT . 0 7{7%5’?? 5
= eoe, NI B0 HAME & . /10 ol B
75 ) (9 A Fi 3 ORI 5 38 AT D MRS 6 51k ) 3%
T BH 4T 48 i
1 [+ [+

+ +o0
A= IJ,,,J,,,G<V~7>V<7w;>dyd77 (12)

A (Y + 75 —ay/o 4

Glyop = L0

b+A- B +1)
2 2
LVZ’L)jLA-w-y/c 13)

b= S[(2) —or =] A
Forp V) RORURES b 22 1) e B2 305 %% B pR B 0 2R
EAV rap ARGE (8)—14) AT RUTH55 KLk # 3¢
IH— A SRR BT A BIIE, N T E SENA 4
HURE M 2% 00 3 B B s V(v s
3.2 rHREHhRAER
TR A T R R 3R 0 A R T LT A
HRE M @ S Vo KRS
FE-R T 7 B 4 43 T MRS Hb %, JHL w5 B %
5 (Falconer, 1990)

Vyep = V(7 + )" (15)
H,V,=H"/2xL ,a=8—2D, D R EY%k.
L AR B H BB & BE 2 5 i oo 20 501 R
x vy J7 1 PR (el s RO . B 2 5 T R 52
RPN gz, D = 2.3,L =
150 m,H=5.30 m,

H:3O m

ﬁ 7o
“' 0(” 4{’{"[;\5

ey, :
""l'“"l w» : ' A _
,,4!’«52.1107:%« .3!!4»':,;;,.tzo‘gg;'m.,,,
% R

«y"‘; 'l‘ 05 L !. 41\('{;‘;&;%;!‘![

2351
il

,
L3
Q,\!{.l T7oR

Ae
||| oy
it

il

Height (m)

B2 FIFAZERERE I B 4R =
(a. H=5 m,b. H=30 m)
Fig.2 Two-dimension fractal Brown motion fractal ground model simulated by using the
method of Monte Carlo for a mean square height of (a) H=5 m, and (b) H=30 m



360

ST 53 AT AN [ R B R R b 2 % % 1T BHL e A
TEREN S B3 3 il gh T 2 E BT A A
U PREL W (0, d s je) BB SR, L A 52 el R 501
EH dB kKR, LR R FHR o = 0.1
S/m, X HAER e, = 10, BELERRHIHHFF o
= 0.001 S/m, tHAHAEFR e = 10, #HhZk 1 FR0t

0.5

—~ (a)

) ] i ;

@ ——0=0.1 S/m =10

S 049 520.001 S/m £=10 -

s . B : T

g d=10 km LT

o) -

i ]

203 St S I R R

2 Prs T

Rt , 123

“Q—J‘ ”

Z 0.2 .

g , 123 L

=

Z 0.144 1]

(e f ]
I

g ’4 4

0.0 ‘ : ‘ ‘ ‘
0.0 2.0x10°0  4.0x100  6.0x10°  8.0x10° 1.0x 107

Frequency (Hz)

Acta Meteorologica Sinica

K 2013,71(2)

M, ik 2 A 3 s MLBE X 7w o 5l o H 28 F
5.30 m HYMLAE # 3% . WT LUA L 24 b R OHLHE 78
5 mPL A IR H A B AT A e g s P 1 T 9 M 3R
JL-F-AH TR o AE S AURS BB 2 30 mo i RELRE 3t 3 5| i
{UETPA S | AU TS

(b) =, :\\‘\ T
S
~ 10+ : H
S —20- N H
z N
S N
=~ —30+ \ H
£ N
B e
&
— 40 N
0=0.1 S/m &=10 5
-==0=0.001 S/m &=10 TN
09 =10 km "
| RN ‘i‘ | .
10¢ 10° 100 107

Frequency (Hz)

3 e b 2 1A A S BT (o) B S 9 o B ()

Fig. 3

(a) Effective surface impedance and (b) amplitude of the attenuation function in decibel

(i.e.» 20lg|W(0,d,jw) |) for a distance of 10 km on the finitely conducting ground level

PE— 2B A A SRR L X 3 sk [R5 114 52 i ([
A ALAL RIS Lol LA oK DU HS i af 2
W o PRI A S B AR A 2 N0 R T MR i
7 AR T R FRL B A R PR T

—10—
£:5 Mz
1h=5m
~20 ‘*
@ 0=0.1S/m
Z
Z 30
(=)
=
=
—40 507007 S/m
~50 ‘ ‘ ‘ : ‘
0 100 200 300

Correlation length (m)

B4 AR BE R - LX) 32 8 R 1 5
Fig. 4 Effect of the correlation length

factor L on the attenuation function

4 BEIHA 4L

5] 5 1 i B FE i A i B

8 5 M DN [ o 30 3 2 B HL TR 5 M TR
WM BE R MG L I EEEE v=1.9 X
10° m/slm] AR . H 3 B TR B & 8 1 2 08l 2
TR M IR AL i 2 (MTLL) [|] ;5 789, {1 4% [] <
WAE N 8 km. [8] o AL 9RE A A o o I ORT HR = R R
RS 43 o 2 fE I R R 22 H U BB R A Heidler (1985)
e RA A6, BARSHn 3k 1 iR (Rachidi, et
al, 2001),

4.1

I (/7"

m me
Lo GzmD™
e L/ +1]
i, g = el | = (20 2m)
4.2 MREMRNMAEEEEMKEHEIGZSEN
A1)

FARDO—A5), B 5 45 T HURS b 26 17 Ik

10,0 = -

—t/7yy

(16>



SRR A T i o A A ML U Rk R X R L W 3 i B R T

361

F 1 ERIE SRR G & S 50 BUE
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