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Fig.1 Relationship b the lative frequency of landslides (L ;) and the cumulative rainfall( R) of different time intervals
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Table 2  Results of power-law distribution statistics for rainfall/landslides relationship
Bl B/d MUEHE P 1 Bt X ]/ mm Lix /% R, * /mm
Ly = 9010.93R""" 50 <R<205 79.3 205
WYY K (1)
Ly=5.26E+9 R™>% 205 < R<600 20.7
Ly= 2535.81R% 50 <R<273 7.4 273
W4 K N3 d(4) -
Ly=2.17E+9R" 273 <R<650 2.6
Ly= 2374.70R" *% 50 < R<294 78.6 294
WK Z R S d(6) -
Ly=7.21E+6 R™ % 294 <R<650 21.4
Ly = 2140.60R~ ™ 50 < R<315 77.6 315
WEL XA 10 d(11) ror
Ly=2.8E+6R" > 315 <R<700 22.4
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slope failure (n) may be described by a power-law relation

2 ETHEW -\ RANEIAE
R AL R

FESCER (2] o, AT 4R 48 o 10 3 X 7 1990—
2003 “ERA R ch FEFT 51K, 3-8 WA 8 S A bRic R
B9 1 414 NS FORE M B BERTEOE X 4 DN ETB
(BP1d4d.6dflld)fE T REBEHESHE
WEZENSEXRE(RE 1 ME2),H5& 00
HEEATI R 75% LA ELEe ZEREWEE
(THg) o XBLLRBEFRME (TH) B B
RO B B KB (n) B9 80 BOPR 22 76 DU B AR 8 B
(H2), TR BMAE Z EEET R R

TH,=193.90n%® | 1<a<ll (4)

HEFITE, XBEEEREEKHIEN0d, %
W AR n d W REBERBE THLC R R, (K
mm %#7R), HE2H

R, =C(n+1)*, n=0,1,2,-m (5)
XH,a BIFEHRER. ¥n-1X,H

R, =Cn" (6)
B (5)M(6) % C, 153

Ry =(755) R, 1)

n+1

MR BER_MEHATHERESE » d ENAEEW
JEHI, %t n -1 d B A R A SR B, B, Xt
FE-1dWERTERN

R,-R. =R, -(777) R,

n+l
. P, (i=0)
R, =R, =[1 _(n%l) ]R" oA { YP(i=1,2,,n)
(8)

B P, K0 d MR, P, RAXT 0 d RIS i d
AR & o

RATUA Py KRN B3R AR (0 d) HIHTH
Apeni e, i (8)F

r-dl-( i ©

n+l
H(9) P, 20 d fi%E | RAMEFTA, XEREY 1
-( )“wﬁmm 4 h=(1) RO

n+l n+l

B

Py=3(1-k) 3P, (10)
R (10) 5RA (6. 1) # B /R B¢ LUHEBOE A
W BREMENE XEARK, £X() P, BXE
MR RRM 8, G XN BHRWE
(Po) WITTRR L R IMSL Y. TAER (10) P, R
TR AR (Py,) B FTRRIFIE R LK, B AT 4
d BT A ST B 5 AT (- 1 K MERME R, X
Frigol iR, gilin, 5% ¢ d MR AT R A
FHETR LA -1 d ATREL B, L &
YK I T B TR AR L R IBK Fr , i 390 R B T 0 T 33
KWW (RIHERFEW) BT ERXFHE RN
FRUEBEWABOLER, K (10) 25T F W
FIMRR AR B IR, R R AN T i
55 A R AT B B U A K
XEHH APL TR E RIS
X AR —ABF, X 2006 4F #7030 X 7Y &
e 032 SR Y B RE R R BRI (10) HH R T HE—
SRR H (0 d) /i 10 d MRTHHA BEm &, B3
FREWT X 256 B e i AATHA S T 2
EHLBXGI R REMERRET LR, HeE ¥
BmE, 51K 75% AL B RERTB/MREN P



el
m-
- FMiEA

. - XMt B
4004 % s
fools
L]
e | 3
-3 . .
m;m-", =

ab.. ..'..

200 300
WSAH R R /mm

B3 HIIEES&REnRNEmaE
P o T30 A7 0B LRGeS C10) T34 31))
Fig.3  Landslid i rainfall 1l i

the calibrated antecedent rainfall for 10 days ( using Eq. 10) and

[ 1,
«

the daily rainfall data

=140.27 -0.67 P, ( WH 3 thy '[£k) , A% I fiE
G5 TR LT Sty T80 531 1 A A e AT O K BT 34 R Ok
4, CEFR G T IZ R IR, — A% S A B 51 00 H i
. i

3 45

625 T Hh 39k RO GBI Y 2 S S -t vy
IV AT 28 T BE A s b, B 8 i R O A [ 5 A
1, 17 Ja e 25 502 DX PN ) A2 T 39 1) 8 BB W ) (1T et
SLB B BRI BRIE SR BO OsE . WM B K
ot B 854 2 Tk 0 TR I A S b 0, 0 d R
PO R0 At B2 1 07 6 — 0 DR A R A G006 L 0
FUB P ) P A 2 e O R 1 i R L A () Jl R4 g
B PR A

A5 BRIk 0] A7 AR R WA o LA e
A~ LXK e | KIS0 00 B e g £ 20 A 2 0 ok i
A F il PR RERE X 0 9| A sl AN | 2 o 00 I IO 1y
B 1 2 A1)

A R 2 B AR e el LAy [l LAY
[ b L0 S L R LR R AT X, B
A0 14 0 B S A G I 1K B 0L 900 S 4
1 BRI BT L B s PR AR A0 1 R s

AT B ARSI T D000 A7 R o T — B 0 S i 85

R T AT 403502 1 57 LS I
06T B3 TS ) A0 2R R DRSS O X H

24 b ¥R TOUIREEA TN € 48 FoTim

£ 308K ( References)

[1] Kohler, M. A. , Linsley, R. K., Predicting the run-off from storm
.rainfnll_ R]. United States Weather Bureau Research Paper 34,
1951

[2] Li Changjiang, Ma Tuhua,Zhu Xingsheng, Forecasting of landslides
triggered by rainfall ; theory, methods & applications | M |, Beijing:
Geological Publishing House , 2008 [ 4 [0, K 4, 4 008, B pi
KU HEHE R B, ik N M. e 50 MBI HH R4
2008 |

(3] Crozier, M. ). . Evles, R. J. Assessing the probability of rapid mass
movement | M | //Proceedings of the Third Australia-New Zealand
Conference on Geomechanics, New Zealand Institute of Engineers,
Proceedings of Technical Groups, 1980, 6, (1g): 247 -253

[4] Crozier, M. J. Landslides; Causes, Consequences and Environment
[M]. London; Croom Helm 1986 ;185 - 189

[5] Bruce, J. P, Clark, R. H. Introduction 1o Hydrometeorology [ M.
Perganmon Press: 1966, 317

[6] Glade, T. ,Crozier, M. J. Smith, P. Applying probability determi-
nation to refine landslide-trggenng minfall thresholds using an em-
pirical * Antecedent Daily Rainfall Model™ [ J]. Pure Appl Geo-
phys, 2000, 157(6/8) : 1059 - 1079

[ 7] Reed, D, W, and Field, E. K. Report No. 114 Reservoir flood esti-
mation ; another look[ R |. Published by the Institute of Hydrology,
1992.29

(8] Zézere, ). L., Trigo, R. M., and Trigo, 1. F. Shallow and deep
landslides induced by minfall in the Lishon region ( Portugal ) ; as-
sessment of relationships with the North Atlantic Oscillation [ J ].
Natural Hazanls and Earth System Sciences, 2005,5:331 - 344

9] Insti of M in Hazands & Envi
Sciences. Debris Flows in China [ M ], Beijing: The Commervial
Press Lud, 2000320 ] o [BUFH7 B3 ACT] S0 08 110 M K0 2 340 6
FEH. IR £ [ M. B 500 5 B ST 2000321 )

[10] Wang Lixian, Yu zhimin, Forecasting of the Mlood and debris lows

nt Chinese Academy of

disaster | M ], Beijing; Chinese Forestry Press, 2001125 - 126
[EALA TR, it B 17 30l BT M) B 3 o o
Jk I R 2001 1125 - 126 |

[ 11 ] Tan Wanpei, Critical rainfall of debris Flow| M |//Second National
Conference on Debins Flow Collection Beijing; Seience Press 1991 ;
136 — 142 070 L B b RS 4 0 340 0 s SR R T DR 96 [ 8y
i LR A 0 7 AR 2GR S i BRI RRRE L1991 1136 -
142

12] Zhan Qianden, Li Mingsi. Rainfall waming mode of debris flow

CM]//91 Results Seminar of the Annual Project plan Disaster Pre-
vention 2004 | SERCE, F00 B 140 A7 R o W 0 B
L[ M/ TSP HE B K T R B i 22,2004 )

13 [ Senoo, K. Rainfall indexes for debrisflowwaming evacuating program

[ J]. Shin—Sabo , 1985,38(2) : 16 ~ 21| #8500 b A7 W ik



86 VRN R 4 29 %

REMERAE L L L TORTERIC > T, Habpy, 1985,38 thresholds for the initiation of landslides[ J]. Meteorology and At-
(2):16-21] mospheric Physics, 2007, 98(3 -4) :239 -267
[14] Guzzetti F., Peruccacci S., Rossi M. & Stark C. P. Rainfall

A New Approach to Calibrate Antecedent Precipitation for
Rainfall-triggering Landslide Forecast

1 . . .
LI' Changjiang, MA Tuhua',SUN Leling’, ZHU Xinsheng'
(1. Zhejiang Information Center of Land and Resources, Hangzhou 310007, China;
2. Zhejiang Provincial Depariment of Land and Mineral Resources,Hangzhou, 310007, China)

Abstract; To calibrate antecedent precipitation is a key issue for prediction of rainfall-induced landslides many re-
gions. In this study, a method calculating for effective antecedent rainfall is derived from the power-law relation of
the landslide frequency and the rainfall level. The decay factor of antecedent daily rainfall before the landslide e-
vent in this model depends on the scaling exponent defined by the power-law correlation and the decay process of
daily rainfall within a given period preceding a given day is not independent but is interrelated each other, that is,
the impact of rainfall in the prior i days on soil moisture is associated with the precipitation from the prior (i -1)
days. One practical significance of this result is that the effective antecedent rainfall can be easily determined using

the available landslides and related rainfall measurements for a region.

Key words: landslides; forecast; effective antecedent precipitation; fractals
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