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Abstract: [ Objective] The relationship between rainfall intensity of different durations and regional landslide
disasters was studied, and the meteorological warning threshold of landslide disasters was determined in
order to provide a scientific basis of geological disaster warnings for local administrative departments.
[ Methods ] Hourly rainfall data from 348 rainfall stations in the study area during 2013—2021 were
collected, 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, the dataset was
divided into geomorphic units. Critical rainfall warning thresholds were proposed, and graded warning
thresholds for different rainfall durations were determined. [ Results ] Red warning thresholds for the average
rainfall intensity at 1, 3, 6, 12, 24, and 48 hours under different early rainfall conditions in the hilly terrain
area of the study area were 29.774, 18.579, 14.416, 11.186, 8.679 and 6.734 mm, respectively. The red
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warning thresholds for the average rainfall intensity at 1, 3, 6, 12, 24 and 48 hours under different early

rainfall conditions in low mountain terrain areas were 28.849, 15.542, 10.520, 7.121, 4.820 and 3.263 mm,

respectively. [ Conclusion ] Under the condition of rainfall in the early 24 hours period, the sensitivity of low

mountainous areas to rainfall was significantly higher than the sensitivity of hilly areas. The critical warning

thresholds at 1, 3, 6, 12 and 24 hours in low mountainous areas were significantly lower than those in hilly

areas. However, with the further extension of rainfall duration, the critical warning thresholds at low

mountainous areas and hilly areas tended to be similar.

Keywords: average rainfall intensity; rainfall duration; graded warning; warning threshold; red bed hills at low

mountam; landslide disaster
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Fig.1 Geological hazard distribution map of study area
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Fig.2 Relationship between geological hazards

and rainfall in study area
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Fig.3 Location of rainfall stations in study area
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Table 1 Relationship between disaster events and rainfall in 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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e > g E >
%% RAEHM g/‘?]d;] (mmI'/hf') Dh/ Ifr/n gﬁ% REHM Z/?IQE‘% (mm[-/hfl) Dh/ HElIil
Zs 20140918  1:34 1.73 19 32.87 Ziwe 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 AT 20210726 18:20 27.4 1 27.4
Z 5 20140919 6:45 1.28 20 25.6 Z 105 20210807 23:00 19.98 9 179.82
o 20140919 5:34 1.33 19 25.27 Z 106 20210807 1:00 21.23 11 233.53
n 20140919 4.30 1.37 18 24.66 Z o7 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
Zis 20140919 3:20 1.49 17 25.33 Z 109 20210807 13:00 17.46 23 401.58
Z s 20140919 5:20 1.33 19 25.27 Zo 20210807 14:30 16.58 24.5 406.21
Z i 20140919 5:20 1.33 19 25.27 Z 20210810 1.00 11.33 4 45.32
Z s 20140919 3:50 1.49 17 25.33 Z s 20210822 10:42 14.28 9 128.52
Z 1 20140919 4.10 1.37 18 24.66 Z 113 20210822 11:42 14.21 10 142.1
Z 50 20140919 7:00 1.23 21 25.83 Z 20210822 15:15 13.29 14 186.06
Z 5 20150624 4.18 1.34 32 42.88 Zis 20210823 9:00 8.98 29 260.42
A 20180618 5:24 1.69 51 86.19 Z 115 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
Zss 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
AT 20190508 18:40 0.84 67 56.28 Z 129 20210905 10:00 3.25 8 26
Zs9 20190621 21:40 16.95 7 118.65 Z 123 20210905 14.30 2.64 36 95.04
Z o 20190718 8:50 17.66 3 52.98 A 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
Zgo 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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Table 2 Statistical results of sample extraction for

model verification
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Table 3 Suggested critical rainfall threshold for geological hazards in study area
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Fig.7 Rainfall threshold model for geological hazard

classification and warning in hilly areas
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Table 4 Suggested thresholds for different historical rainfall classification warning in study area
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Fig.9 Verification of harzard warning model at hilly region

ZEARRW, I BR IX 100 06 14 917 A5 4 45 70 41 40, 1
e ] R BT P 2 75 00 9 G L 2% 7 A (8 T IR f Y
FEL P+ 31 00 B 17 A 2% 1 B 40 U (LY L Y . A1
L DX 96 Y0 Y 1 e ) £ 285 10 21 40 990 I3 (3 Rl N
76 20 10 I e A 2% 7 (0 TS B R PN L 17 D0 K
F LT B O PR B N . SRS R KA 41
AEBIERAGHY T D Bl AR I XA 1 A KA 5
1 R A T 1 L [T P9 o 2 A 0300 o Al 3 38 97,504
B HE A

5 BUEBI B

FE AR IO 5 XA L XA B B X 45 2% T2 199 )
PRI XA B 1.3,6,12,24 Fl 48 h VY i
) I S U A B A7 (L 1) L 7E 24 b i 3 B TR
S5 AV Ly DXOXF A RRT ) SRR B B L R B IX e, B



222 7K R E

544

PRFI AKX 1,3,6,12 F1 24 h A I 5L 990 2 59 1
B I bb e DX I L {H o 5 % TR 5 I 3 — 2B A L IR
Ly DX B i DX 3 I A 00 2 ) {1 T A O, 3 s 5
X2 FA — R FR W8 AR L XA 1 3 5
S AP W S G e X T, R A T ) AR R it
T et B T A RN R B XN T D R
WA E T S Fr b DXORIAEG L DX 1) 33 AR 22 A = 5 58 A AR
A5 A N G A A 2 b g K R TR B AR T 2
SR SR AR, I 20 JIr T 14 9 W ot gl be A O

64 1 [=6.196D°*
I=27.774D"**%

I=10.328D™"*°

w
[\

1=6.196D**

I/(mm + h™)
® o

N
T

S
T

_ -0.366
1=3.874D .

1 2 4 8 16 32 64
D/h
B 10 W X R E AR B i R

Fig.10 Verification of harazard warning low mountainous areas
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