944 B 2 W) K A P A 3 4 Vol.44, No.2
2024 4F 4 H Bulletin of Soil and Water Conservation Apr., 2024

ETIEERMIE KRR LR &
RESSTHERNERAR

ZEME, BERE, B L0, FER!
(LA E b FR R ERE W0 T AT, W AR 6117345 2 WG HREE T K% WK EBHIRS
BRI E R SIS, VU1 BRHES 610059 ; 3.PU 1|48 Hh Bk M 3 E A BF ST, U1 R 610041)

O OE: [HEM] WA 7 R R DX e 7 040G R L IR0 T 1 R T IR R AT Y
g H T G T b T P R AR AR [Tk ] U TR 10 a SRWFSE X 348 AN Y Al 3 /N B R
BB A 231 AbFE 10 a B & A GG 61 M 350 25 0 00 B i) B A B, 36 B AR R R (D) — A TR T B (D) A8
R, 43 i S B0 0, 4 T S [ A TR 7 R A 0 L 9 R T B (AN 4> R T M, (S5 R PR X R R X R
I BT 0T R T 2548 T 1,3.6,12,24 1 48 h V- 24 T 98 Y &1 (5 75025 [ (AR YR K 29.774,18.579,14.416,11.186,
8.679H1 6.734 mm s L1 Hb 55 IX A 7] T 39 B °R 46 PF F 1,3,6, 12,24 F11 48 h - X7 TR 58 14 2T € T2 15 (i 4 vk
28.849,15.542,10.520,7.121,4.820 1 3.263 mm., [ 45 ] 7 24 h TR/ 454 F 1EEUJI‘XTF“FHB’J%&FH&F
WL B X, B R B ARIL X 1,3,6,12 1 24 h Bl 5L 9548 5 2 0 . 1L 2 B IX S AIG , B Bl 25 R T

A afE — 25 4 K AT Ly DX g DX SR 0 7 9 R (s A O

KB PRI ; BRI SR U

XERARIRED: A XEHS: 1000-288X(2024)02-0000-00 FESES: P642.23

XESH: B, REE, K2, ST RN LR F B AR LXK R E RS W S E )]k
+ R4, 2024,44(2) ;-. Yi Jingsong, Cheng Yingjian, Xu Yi, et al. Meteorological warning threshold
of regional landslide disaster sased on process rainfall [ J]. Bulletin of Soil and Water Conservation, 2024 ,44

(2):-.

Meteorological Warning Threshold of Regional Landslide
Disaster Based on Process Rainfall

Yi Jingsong''?, Cheng Yingjian', Xu Yi*, Yin Guolong'
(1.Institute of Exploration Technology , Chinese Academy of Geological Sciences, Chengdu, Sichuan 611734,
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Technology » Chengdu s Sichuan 610059, China; 3.Sichuan Geophysical Survey Institute , Chengdu , Sichuan 610041, China)

Abstract; [ Objective ] Study the relationship between rainfall intensity of different durations and regional
landslide disasters, and study the meteorological warning threshold of landslide disasters, providing scientific
basis for geological disaster warning in local meteorological departments. [ Methods ] this article collected
hourly rainfall data from 348 rainfall stations in the study area over the past 10 years, as well as the time and
location of 231 disaster and dangerous landslide events that have occurred in the past 10 years. Based on the
average rainfall intensity (I )-rainfall duration (D) model, it was divided into geomorphic units, Proposed
critical rainfall warning thresholds and graded warning thresholds for different rainfall durations. [ Results ]
The research shows that the red warning thresholds for the average rainfall intensity at 1 hour, 3 hours, 6
hours, 12 hours, 24 hours, and 48 hours under different early rainfall conditions in the hilly terrain area of

the study area are 29.774 mm, 18.579 mm, 14.416 mm, 11.186 mm, 8.679 mm, and 6.734 mm, respective-
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ly; The red warning thresholds for the average rainfall intensity at 1 hour, 3 hours, 6 hours, 12 hours, 24

hours, and 48 hours under different early rainfall conditions in low mountain terrain areas are 28.849 mm,

15.542 mm, 10.520 mm, 7.121 mm, 4.820 mm, and 3.263 mm, respectively. [ Conclusion ] Under the condi-

tion of rainfall in the early 24 h period, the sensitivity of low mountainous area to rainfall is significantly
higher than that of hilly area, and the critical warning thresholds of 1 h, 3 h, 6 h, 12 h and 24 h in low

mountainous area are significantly lower than those in hilly area. However, with the further extension of

rainfall duration, the critical warning thresholds of low mountainous area and hilly area tend to be similar.

Keywords: average rainfall intensity; rainfall duration; graded warning; warning threshold

Rok T 5 9 3B K OC R D) 2 T b S K Y
BAERHE ., KEEAEDI K, 90 %0 2 47 1 b 5 5
R T % T () SR T 2 i T R R b T
I (B 1 DI 3 ek DX 3 A T AR Sk T R Rl X
Sl J5T ¢ ) T TR SR A RIS A T R
MBI, Bl ZE R TR I & X el o e R %
T R (B AT 5% B AN E 2 E TR T Rk oe.,
. Thomas Glade 555 R FHGE 1T 5 5 0 55 15 Y B W
V5 % AR BT &K W R LT U Bk R AR T R T
. F Guzzetti 2 50 D1 587 85 31 77 25 R B %k
T v o BT A R P 2, & L DX A Ak A T e R
BT LA AP v A0 R R AE A ML 1K, P o . R e
LI B X R R R T A
P G KU R BT W 3 55 % R 5 R L B S A A
KM G T KU Y R A A R T B 2 R R
fH. K MREEANAET D RE T L R R R
AR TR DL R o T AR B 1) 45 i 6 AT T W OE L 48
TR SRR AR S T AR SR 2R R
SECT S B AR G T DX S M T B R AR Y Il
B8R TR e N R R 75 R R A M SR A SR S
GEHR T W U AR AL T K

H RS KT 6 R 8 B — RE LA ] (1— D) B 7
B9 22 7% H I T 6 5 48 o A 288 o T 6 F R 0 AT
3 o ST o A0 4 P T DX e A 0,
o BE R [v) 1 550 50T 4 T B O Sk e T A R
(225 . I, AR SCHE TR B A, 3R BOY 1| 48 B 5o Tl
A B 5T X, A AR B 20132021 4R35 /N [
B L 7 8 BA T X 20132021 4ERFREIX B & A=
A8 SN L S 1 A 1) A T I HE AT T 2 L X B 5 X
W R FE TG T S E T AT .

1 B8 DX T 55t e b € S Al O

L1 RERHR

B9 5T XA T DU 1] 5 i 2R 30, s 35 DA I 1) g 0%
b A5 2 2 4y S A AR A Ly DX R 7 b X P R
FEX AR DX 32 2041 AR 2 R S LA BeAlig
THLRD e 2, FE B A AR ST DX A TR R RTAE AR

Fr B2 X 32 B2 00 A 7EF 52 X AR B A AR T Vb B, R
PN TARD R A . WEOT XA D TE R R A
FHEFRTZ L WiMZ /AT 10° LT KFE R E. K
7 2 i S P A R 7 o S 3 = = 2
TN
1.2 BERELEHIE

A GERE AR L I BIF AT X P 3 A b R K
FLOILRE WA E 1452 4 MU DU 32,
KW e g FEAL N 3 4b ., h B B 56 Ak /N 3
13934k . 351 o5 i 0 a0 0.21%6.3.86 %0,95.95 %
TCE RS (1) DX P o 3 349 o 4 J5 v 0, 9 5 R
U5 F R TR AL % 33 B L), — i+ A RIS
DIy R o0 3, A & — /T 1550, 25 M A
B, — U A i AR DR S AR Bk
SRR HBEIR R 2 S /NI AR AR BIF 51X 5 K
TR & A TR B AR T 0 R 42 IR B, XN B
1 452 4b ¥ Y 9 F B B AL, R AEAE 59 A1 158
Ab o5 RSB 79.75 %0 R R A A K 8 H A
GBI Z K3 410 4b, BFEE DX b TR U FE o A it
[i] 11T £& 5 H SF- 247688 w4 EL A A0 i A DG (1B 2)

Co Wi iom SF
E1 #REMERESHE
Fig.1 Geological Hazard Distribution Map of the Study Area
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Fig.3 Location map of rainfall stations in the study area
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Table 1 Relationship between disaster events and rainfall in the study area

g o > RKE <

éﬁl% RERH g/‘?ld;] (mmI'/hf') Dh/ Ifr/n Zﬁf@% RERK g/j}% (mm[-/hfl) Dh/ 1’51{1
Zon 20140912 3:20 1.85 4 7.4 Zss 20190723  8:00 3.39 16 54.24
Z o 20140912 5:30 3.45 2 6.9 Z s 20190724  6:00 7.72 5 38.6
Zos 20140912 6:45 2.37 3 7.11 Z; 20190724  5:00 6.72 4 26.88
Z o 20140912 5:34 3.45 2 6.9 Zss 20210626  9:00 4.46 5 22.3
Zos 20140912 4:30 1.85 4 7.4 Z g9 20210701  6.42 14.2 3 42.6
Zog 20140912 5:20 5.6 1 5.6 Z1o 20210706  5:00 11.08 5 55.4
Zor 20140912 3:20 1.85 3 5.55 Zn 20210710 4:18 2.87 11 31.57
Zos 20140912 5:20 5.6 1 5.6 Z1 20210710  5:24 4.26 9 38.34
Zog 20140912  5:20 5.6 1 5.6 Zs 20210710 4:33 4.28 8 34.24
AD 20140912 3:50 2.94 52 152.88 Z 20210710  6:41 4.14 10 41.4
Z1 20140912 16:37 7.18 7 50.26 Z1s 20210710  6:11 4.12 9.5 39.14
Z 1 20140912 11:10 1.1 2 2.2 Zs 20210710 4:50 4.27 8.3 35.441
Z; 20140912 14:10 14.9 3 44.7 Zn 20210710 5:38 3.67 26 95.42
Z 1 20140912 17:20 6.28 8 50.24 Z1s 20210710  4.:04 1.54 10 15.4
Z s 20140913  16:50 3.76 18 67.68 Z 1 20210710  6:32 2.19 12.5 27.375
AT 20140914  11:10 2.56 31 79.36 Zso 20210710 20:10 3.18 32 101.76
Z 20140912 14:30 9.32 5 46.6 Zs 20210710 5:30 3.01 10 30.1
Z s 20140912  11:00 1.2 1.8 2.16 A 20210710 7:20 3.51 12 42.12
AT 20140912  11:30 1.2 2.4 2.88 Z g3 20210710  9:10 2.59 23 59.57
Z 5 20140912 11:50 1.2 2.8 3.36 Zs 20210710  19:30 5.58 33 184.14
Z 20140912  15:40 8.31 6 49.86 Zgs 20210710  17:00 6.01 30.5 183.305
Z o 20140913  10:20 5.08 11 55.88 Zss 20210711 5:00 3.92 49 192.08
Z s 20140912 17:20 5.58 9 50.22 Zs 20210711 13:20 5.02 5 25.1
Z 2 20140912 16:00 6.23 8 49.84 Zss 20210711 8:20 2.91 13 37.83
Z s 20140912  14:05 4.57 4 18.28 Z g9 20210711 14.:00 4.25 6 25.5
Z 5 20140912 13:27 5.5 3 16.5 Zyo 20210710 12:00 6.72 26 174.72
Z 20140917  5:20 1.44 11 15.84 Zg 20210712 10:30 2.48 12 29.76
Z s 20140917  2.01 0.83 8 6.64 A 20210712 10:17 4.97 12 59.64
Z o 20140917  4.22 1.47 10 14.7 Zgs 20210712 9.28 4.68 11 51.48
Zs0 20140917  3:33 0.91 9 8.19 Z g4 20210715 7:15 1.75 4 7
Z3 20140917  1:34 0.78 7 5.46 Zos 20210716  19:30 4.28 13 55.64
Zs 20140917  5:35 1.45 11 15.95 Zgs 20210715 15:30 8.56 5 42.8
Z s 20140917  3:40 0.92 9 8.28 Zo 20210714 11:30 3.55 8 28.4
Z 3 20140918  7:20 1.964 25 49.1 Zos 20210711 9:30 2.87 34 97.58
Z 3 20140918  3:25 1.83 21 38.43 Z g9 20210716 19:30 5.78 16 92.48
Z s 20140918  4.46 1.99 22 43.78 Z 100 20210717  12:16 4.1 5 20.5
Zy 20140918  3:33 1.84 21 38.64 Zin 20210717  12:41 4.1 5 20.5
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Z 33 20140918  1:34 1.73 19 32.87 Z 102 20210717 13:00 3.41 6 20.46
Z 39 20140918 3:10 1.79 20.7 37.053 Z 103 20210719 7:45 3.66 3 10.98
Z 10 20140919  5:30 1.33 19 25.27 Z 104 20210726  18:20 27.4 1 27.4
Z 4 20140919  6:45 1.28 20 25.6 Z 105 20210807  23:00 19.98 9 179.82
Z 2 20140919 5:34 1.33 19 25.27 Z 106 20210807 1:00 21.23 11 233.53
m 20140919  4:30 1.37 18 24.66 Z 107 20210807  1:00 21.23 11 233.53
m 20140919 5:20 1.33 19 25.27 Z 108 20210807 10:10 18.32 20 366.4
Z s 20140919  3:20 1.49 17 25.33 Z 109 20210807  13:00 17.46 23 401.58
AT 20140919 5:20 1.33 19 25.27 Zo 20210807 14:30 16.58 24.5 406.21
Z iz 20140919  5:20 1.33 19 25.27 Z 1 20210810  1:00 11.33 45.32
Z s 20140919 3:50 1.49 17 25.33 Z2 20210822 10:42 14.28 128.52
Z 1 20140919 4.10 1.37 18 24.66 Zs 20210822 11:42 14.21 10 142.1
Z 50 20140919  7:00 1.23 21 25.83 Z 11 20210822  15:15 13.29 14 186.06
Zs5 20150624  4:18 1.34 32 42.88 Z 115 20210823  9:00 8.98 29 260.42
Z s 20180618  5:24 1.69 51 86.19 Z 116 20210823  9:15 5.75 29 166.75
Zs3 20180528 7:20 4.47 11 49.17 AT 20210823 10:00 5.56 30 166.8
Zs, 20180731 9:10 2.01 32 64.32 Zis 20210823 7:00 6.17 27 166.59
Zss 20180904  19:30 4.2 2 8.4 Z 119 20210823  8:00 9.86 29 285.94
Z s 20180611  17:00 0.6 2 1.2 Z 120 20210829  7:00 2.79 30 83.7
AT 20190508 16:20 0.87 65 56.55 Z 19 20210904 8:00 3.09 7 21.63
Zss 20190508  18:40 0.84 67 56.28 AT 20210905 10:00 3.25 8 26
Zs9 20190621 21:40 16.95 7 118.65 Z 23 20210905 14.30 2.64 36 95.04
Z 0 20190718  8:50 17.66 3 52.98 Z 124 20210906  17:10 1.82 9 16.38
Zs1 20190729 8:30 2.74 38 104.12 AT 20210905 10:00 5.8 8 46.4
Z 20190719  0:00 3.59 18 64.62 Z 126 20210906  6:30 4.08 7 28.56
A 20190719 18.00 0.95 15 14.25 Zon 20210916 13:05 7.32 14 102.48
Z s 20190723  7:50 9.05 6 54.3 Z 128 20210928  6:00 10.21 10 102.1
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Fig.4 Warning zoning map of the research area
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Table 2 Statistical table of model sample extraction
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Table 3 Suggested critical rainfall threshold for geological hazards in the study area

4 R 3 15 (D)
1t SelEd
.57 e A 1h 3 h 6 h 12 h 24 h 48 h
FEBR X I P Y B PR 9 B/ (mm » h™ 1) 13.374 7.954 4.965 3.384 2.307 1.572
ARG L DX S S 24 R R B B/ (mm » h™ 1) 6.196 4.145 3.216 2.495 1.936 1.502
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Table 4 Suggested thresholds for different historical rainfall classification warning in the research area
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