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Fig. 1 Schematic diagram of the rainfall event division

P 2 T 5 JRE R — AP S 45 e, 2 8
FRI 2 Fh T A R 1 B 380 4 4 T A i 32 AR, [l el 2 A5
BT, 24 H R B I R AE T R B
PRI, AR SOHs H R AR 75 — TUE SR n 51 A B 33
LR TR I 5 32 - 249 A 80 T 4 R [
VENTEAR R, O 908 25 G e R e R i 1
SEG, R I TR R 9 R P LA s T R TR

2 WXL

2.1 BAMESMHMBERE

HAE AR P )48 PE R R L X LR A R
M (B 2) , B AL 2206 km® X N I 3414
b AR, AR PE A, ER AR b ) P R R, A K 25
2900 m, g B ) i 1L DX o T I 2 A M AN b Y
FEHEH L, FEMED S s s JKs
SGUUBUE )2 v 5 (RIS, 3 35 TR T 4 FR ) 38 W
AR AT S

- E L Shy BRI B 2 IXUR g e A, A& R

I



Vol. 43, No. 1 % P I I TR R 3 11 9 KL A o T A 2R B 5 159

(a)

(d)

¥\ 6{‘(&/

B2 EfEBRRESHENRSHE:
(a) BB PSRN 20 A 5 (b) I L B2 5| SR (o) DX T Sl BT RE R i 085 (d) B L B b o 8 ]

Fig.2 Distribution of precipitation station and landslides location ;

(a) distribution of landslides and rainfall stations in Xide County; (b) typical landslide in the region;

(¢) landslide induced by active faults in the region; (d) location map in Xide County
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Fig.3  Monthly rainfall in Xide County
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Tab.1 Typical landslide and precipitation data in Xide County
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Fig.4 Precipitation pattern of the landslide disasters in Xide County
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Fig.5 Critical curve of I-D rainfall threshold based

on least square method
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Tab.2 Double index warning pattern

WH 1-D 4k
Mi#/mm  15% ~50% 50% ~70% 70% ~90% KT 90%
8 ~20 EOmE  wenE  BemE  aemE
20 ~30 WOFE  WMEEE  BemE  4emE
30 ~ 68 BOnE  BEeEE  BemE  gemE
KF68 e  aEw®E AWE  ZaWE

TE - TOUE R A s 0, e g 22 1-D BEAL Y 15% ~ 50% M= il
2RI IR B Y H RT3 8 ~ 20 mm, e Afi (5%

3.2 WMEsHIFEM
3.2.1  FUERAIEIE

K 20 {51 30T W e AR A B 1-D i v, 2
HINE 6 s, 458 B ,80% BT AL T & LR
KT 50% i X380, 65% BT WAL T & AR AR E T
70% [ X35, 10% [ 3 A F A& AE AR 55 T 90% 11

PUEROR S, BUETE O W2 3. a8 ad XU br 47
B, 410 BUE YOO F AR T, 406 BUE R
40% B i — 1-D PBUERR, BUERE I R 23T}

100,

:U = ° ] e

g 8

£ £ R
= o

= 0

o a

g:. .

=

57

o

3 ST ™
[N 77 /d

6 1-D FUEH AT

Fig. 6 Prediction ability test of the I-D warning model
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Tab.3 Result of the double index warning model
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Fig.7 Prediction ability test for post-rainfall-induced landslide Fig.9 Prediction ability test for continuous rainfall-induced landslide
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Fig. 8 Prediction ability test forrainstorm-induced landslide
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Fig. 11  Characteristics of rainfall before landslide
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Fig. 12 Real-time early warming of the rainfall grade
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A Dual-Indicator Rainfall Model for Landslide
Early Warning Based on Daily Rainfall Intensity

WANG Jiazhu'*7, TIE Yongbo'*?, XU Wei'*”, BAI Yongjian'* , ZHANG Mingzhi*

(1. Chengdu Center, China Geological Survey, Chengdu, 610218 ;

2. Engineering Technology Innovation Center of Geological Disaster Risk

Prevention and Control, Ministry of Natural Resources, Institute of Prospecting Technology, Chinese Academy of Geological Sciences, Chengdu, 611734,

3. Chengdu Geological Hazard Field Scientific Observation and Research Station, Ministry of Natural Resources, Chengdu Institute of

Geo-environment Monitoring , Chengdu, 610000; 4. Engineering Technology Innovation Center of Geological Hazards Intelligent Monitoring

and Risk Early Warning , Ministry of Natural Resources, China Institute of Geo — environment Monitoring , Beijing 100081 )

Abstract; The construction of a landslide warning model based on rainfall characteristics constitutes a critical

component of a geological disaster prevention and control system, with model accuracy enhancement holding

significant practical implications for geological risk management.

Traditional single-indicator [-D models,
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predominantly established through statistical relationships between average rainfall intensity (1) and duration (D)
to determine critical thresholds, often overlook the triggering effects of short-duration rainstorm events.

In this study, 94 typical landslide occurrences and related pre-failure rainfall sequences in Xide County,
Liangshan Prefecture, Sichuan Province, China, were used as research samples. A basic rainfall intensity-duration
(I-D) model was established using least squares regression, and on this basis, the daily rainfall intensity (D value
is 1) parameter was coupled to innovatively construct a dual-indicator collaborative warning model.

(1) The rainfall-triggered landslide mechanisms in Xide County were classified into three typical patterns:
antecedent rainfall-induced, rainstorm-induced slide, and prolonged rainfall-triggered slide.

(2) The I-D basic model established based on 74 training samples showed a significant lag in early warning
response for rainstorm-induced landslides. By introducing the daily rainfall intensity indicator and adopting dual-
indicator extreme value discrimination criteria, the proportion of red warnings in the validation set of 20 cases
increased to 40% .

(3) By model validation tests, it confirmed that the dual-indicator system maintained I-D model recognition
accuracy for antecedent rainfall-induced landslides, while the timeliness of warnings for rainstorm-induced
landslides was improved by 2 days.

The research results not only improve the theoretical system of rainfall thresholds but also provide a new

technical path for the prevention and control of landslide disasters.

Key words: rainfall model; I-D model; double index; landslide; rainfall types
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