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Rainfall Threshold (ID curve) for Landslide Initiation and
Prediction Considering Antecedent Rainfall
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Abstract

This study was conducted to suggest a landslide triggering rainfall threshold (ID curve) for landslide prediction by
considering the effect of antecedent rainfall. 202 rainfall data including domestic landslide and rainfall records were
used in this study. In order to consider the effect of antecedent rainfall, rainfall data were analyzed by changing Inter
Event Time Definition (IETD) and IETD based ID curve were presented by regression analysis. Compared to the findings
of the previous studies, the presented ID curve has a tendency to predict the landslides occurring at a relatively low
rainfall intensity. It is shown that the proposed ID curve is appropriate and realistic for predicting landslides through
the validation of proposed ID curve using records of landslides in 2014. Based on this analysis, it is found that the
longer IETD, the greater the effect of antecedent rainfall, and the steeper the gradient of ID curve. It is also found
that the rainfall threshold (intensity) is higher for the short period rainfall and lower for the long period rainfall.
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Fig. 1. Separation of rainfall according to the IETD (Adams and
Fabian, 2001)
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Fig. 2. IETD calculation method considering the leakage charac-
teristics (Chung et al., 2010)
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Table 1. Statistical properties of rainfall intensity and rainfall duration

IETD Minimum Maximum Range Average Standard deviation
(hr) Intensity Duration Intensity Duration Intensity Duration Intensity Duration Intensity Duration
(mm/hr) (hr) (mm/hr) (hr) (mm/hr) (hr) (mm/hr) (hr) (mm/hr) (hr)
6 1.14 3 65.75 114 64.61 111 9.12 27.49 7.50 18.50
12 1.14 3 65.75 114 64.61 111 8.02 36.24 6.72 24.93
24 0.95 3 26.74 177 25.99 174 6.36 54.47 5.156 39.70
48 0.71 4 25.42 457 24.71 453 4.04 101.29 3.76 84.70
72 0.63 6 25.42 654 24.79 648 2.80 163.47 2.59 137.67
96 0.48 11 19.82 909 19.33 898 2.31 219.38 1.89 195.41

Seoul Gyeonggi-do 1 Gangwon-do
March = April = June mJuly m August B September B December ® Chungcheong-do # Jeolla-do ® Gyeongsang-do
(a) Monthly (b) Regional

Fig. 5. The number of monthly and regional landslides
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Fig. 6. Obtained rainfall threshold using regression

*
*
i y = 11.766x046°
R?=0.5088
0.1 1 10 100 1000
Rainfall Duration (hr)
(a) IETD 6 hour
y = 15.242x0571
R?=0.7227
0.1 1 10 100 1000
Rainfall Duration (hr)
(c) IETD 24 hour
*
*
y = 23.805x0-642
R?=0.7025
0.1 1 10 100 1000
Rainfall Duration (hr)
(e) IETD 72 hour
ZXBSESl=RE M2 H4s

100

10

Rainfall Intensity (mm/hr)

0.1

100

10

Rainfall Intensity (mm/hr)

0.1

100

10

Rainfall Intensity (mm/hr)

0.1

*
y = 12.706x0522
R%=0.5955
0.1 10 100 1000
Rainfall Duration (hr)
(b) IETD 12 hour
o .
*e
y =19.224x°05%°
R?=0.7765
0.1 10 100 1000
Rainfall Duration (hr)
(d) IETD 48 hour
*
y =35.721x0751
R?=0.7515
0.1 100 1000

10
Rainfall Duration (hr)

(f) IETD 96 hour

analysis



78 QbA AT ID curveE EAISH A o2 IETDV} 5
715 ID curve® 7717} S7Fshes Ao = UERR
ok A EA o] B Aol A2 FaFol
= [ETD 96A17F 7|&A 7 =7F 34 Yehgo
o, RG] 71 Zf-olli= IETD 9647t 7]<&9

A 797 =7t A7) ekt ol Alazol

100
—— IETD = 6hr
—————— IETD = 12hr
‘=== |ETD = 24hr
IETD = 48hr
------ [ETD = 72hr
----------- IETD = 96hr
10 A
£
€
£
z
2
[}
E 1]
=
c
g
0.1 ‘ ‘ ‘
0.1 1 10 100 1000
Rainfall Duration (hr)
Fig. 7. Proposed ID curve with various IETDs
40
35 -
30 -
y =0.2452x +9.201
25 - R%=0.9438
820 A
a
<
15 -
10
5 .
0 T T
0 50 100 150
IETD
(@) o value

p7F S7V =5 71717k X1t Table 33} Zo] SFA]
Albd A EM A-F-AEAIZHD) S BA 4 o A
HAYAS o, 5 IETDO] w2} g2]st) v, Fig. 83}
o] IETDe} HAAIS o, fo] BAIS 120 =A|5}
Atk 29E4E 3l IETDF BAA S Atolo] A
+ Eq. (5)¢F 2ol Hehd 4= 913l Eq. (5)E Eq. (2)°
b, IETDo| mhE 77 (e} -2 5AIZHD)
o] ¥AE Eq. (6)T 2ol Yehd 4 k.

o =0.2452/ETD+9.201 (5a)
B=0.0027IETD+0.4773 (5b)

7= (0.2452ETD+9.201) x D~ CO0TETDH04T73) (g

>

N

=

g

lo

oo

)

>

1=
3!
['S]
=
i
N
N,
H

H

s
iy,
i)

% ID curveE 2T =AlSH

Table 3. Fitting parameters of ID curve equations

IETD «@ 6]
6 11.766 0.469
12 12.706 0.522
24 15.242 0.571
48 19.224 0.599
72 23.805 0.642
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Fig. 8. Relationship between IETD and fitting parameters using regression analysis
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Table 4. Normalized ID curve equations

IETD (hr) Equation Range (hr) | R—square
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9 1, =0.0368x D" | 11 <D<909 | 0.8785
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Fig. 10. Proposed ID curve according to various IETDs (normalized)
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Table 5. Fitting parameters of ID curve equations (normalized)

IETD o 8
6 0.0129 0.636
12 0.0170 0.737
24 0.0197 0.781
48 0.0249 0.824
72 0.0308 0.876
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Fig. 11. Relationship between IETD and fitting parameters using regression analysis (normalized)
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Table 6. Various ID curve proposed by existing research (national)

# Researcher Area Equation Range
I=70xD~"7, 0<D<12,
1 Oh and Park (2013) Gangwon—do I=1300.1x D~ 128, 12<D<36,
I=20x D~ % 36 <D
2 Gteonggi—do =138 % D055 _
8 Gyeongsang—do J=130x D060 _
4 Oh and Park (2014) Gangwon—do =44 D~ 068 _
5 Jeolla—do J=2921.77x D043 _
6 Chungcheong—do I=20x D~ 051 -
7 Jang (2014) Republic of Korea T=70% D07 _
100 100
; —— IETD = 6hr — IETD=6hr
———————— IETD = 12hr -~ IETD = 12hr
--—- IETD = 24hr — == |ETD = 24hr
IETD = 48hr IETD = 48hr
,,,,, IETD = 72hr -~ IETD = 72hr
----------- IETD = 96hr
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Fig. 12. Comparative analysis of ID curve with existing studies
(national)
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Fig. 13. Comparative analysis of ID curve with existing studies
(international)
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Table 7. Various ID curve proposed by existing research (international)

# Researcher Area Equation Range
1 Caine (1980) World 1=14.82x D~ 03° 0.167 < D < 500
2 I=6.9+38x D100 2<D<24
Cannon and ellen (1985) | San Francisco Bay Region, California
3 I=2.5+300x D~ 200 55<D<24
4 Indonesia =92.06—10.68 x D' 2<D<4
5 Puerto rico I=66.18 x D~ 052 0.5<D<12
6 Brazil 7=063.38—22.19x D' 0.5<D<2
7 China 7=49.11—6.81 x D100 1<D<5
8 Jibson (1989) Hong Kong I=41.83x D058 1<D<12
9 Japan I=139.71x D~ 062 0.5<D<12
10 California I=35.23x D~ 05 3<D<12
1 California I=26.51x D~ 19 0.5<D<12
12 World 1=130.53x D~ 09 0.5<D<12
13 Guzzetti et al. (2007) Central and southern Europe I=0.1+85x D" "% 0.2 < D <1000
14 Calcaterra et al. (2000) Campania, S ltaly 7=2810x D 0™ 1< D<600
15 Floris et al. (2004) Valzangona, N Apennines, lItaly 7=18.83x D~ % 24 < D < 3360
16 Indonesia 1,4 p=0.07—0.01x D 2<D<4
17 Puerto rico Ly p=0.06xD" 0% 0.5<D<12
z | 18 Brazil 1,,,p=0.06—0.02%x D' 0.5<D<2
5 | 19 Jibson (1989) Hong Kong L, p=0.02xD" 06 1<D<12
=
& | 20 Japan I, p=0.03x D~ 06 05<D<12
(@]
o 21 California 1,,p=003xD" 0% 3<D<12
c
3 22 World I, p=0.02x D™ 06 0.5<D<12
23 | Wieczorek et al. (2000) | Blue Ridge, Madison County, Virginia |  7,,,,=0.09x D~ 63 0.1<D<24
24 Paronuzzi et al. (1998) NE Alps, Italy 1, p=0.026x D~ 0507 0.5<D<12
- 100
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