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Development of Hazard Level-based Rainfall Threshold for
Prediction of Rainfall-induced Landslide Occurrence in Korea
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Abstract

Landslides are one of the major natural disasters in Korea, and they frequently cause infrastructure damage, property loss, and
human casualties. The main cause of landslides is localized rainfall. Therefore, the analysis of landslide-triggering-rainfall is essential.
This study developed rainfall threshold based on the collected the DB associated with landslide incidences that occurred for 20
years from 1999 to 2018 in Korea. The DB of 247 landslides was collected. The landslide DB from 1999 to 2017 was used
for the calibration of the rainfall threshold, and the landslide DB for 2018 was used for validation. Time-series rainfall data were
collected from the Korea Meteorological Administration, and the triggering rainfalls of rainfall-induced landslides were calculated
using the concept of triggering rainfall. We proposed the hazard level-based rainfall threshold by using quantile-regression analysis,
which is a statistical technique to predict the occurrence of landslides by using the hazard level. From these results, we calibrated
and validated the hazard level-based rainfall thresholds into four levels (None, Watch, Warning, Alarm). The hazard level-based
rainfall threshold developed in this study can be used as the criteria for early-warning system that predicts the occurrence of
landslides in Korea.
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Fig. 1. Flow Chart to Develop Hazard Level-based Rainfall Threshold
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Fig. 2. Conceptual Figure for Calculating the Triggering Rainfall
of Rainfall-induced Landslide
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Table 1. Criteria and Response of Hazard Level-based Rainfall Threshold

Hazard level Criteria

Response Tool

None Below 5% rainfall threshold (0-5%)

No response will be given to the local
authorities or the population

Between 5% rainfall threshold &

Leading to requirement to inform the

Hazard level-based rainfall
threshold with real-time
rainfall and forecast rainfall

Watch local authoriti d lation t:
atc 20% rainfall threshold (5-20%) oca au. orities an popualon. 0 pay
attention to the forecasted rainfall
Warnin Between 20% rainfall threshold & | Serious possibility of landslide occurrence
& 50% rainfall threshold (20-50%) in the short term future
Very great chance of landslide occurrence
in th t hours. Therefore local 1
Above 50% rainfall threshold 1 the miext hours erefore foca peop y
Alarm must be alarm to evacuate the susceptible

(>50%)

area or avoid to go to there, and keep a

safe distance
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Table 2. Equation and Cumulative Rainfall of Hazard Level-based Rainfall Threshold

o . Cumulative rainfall (mm)
Hazard level Criteria Equation
6hr 12hr 24hr
None Below 5% rainfall threshold (0-5%) - - - -
0 . — -0.51
Watch o il tesnold ey | cmionp®y | 7 103
Between 20% rainfall threshol 1=34.74D%
Warning seo%e rainfaﬁ] threshold (;S)-;)ocolafc (C=34.774D°'44) 7 104 14l
— -0.64
Alarm Above 50% rainfall threshold (>50%) (IC_:5599..228§]))0.36) 113 146 187
Table 3. Validation Dataset Using 2018 Landslide Events
Case Date Location AWS No. D (hr) C (mm) Hazard level
1 2018.07.02 Gyeongbuk Bonghwa 271 28 109 Watch
2 2018.07.01 Chungnam Seocheon 614 26 155 Warning
3 2018.07.01 Jeonam Boseong 258 24 162 Warning
4 2018.07.02 Gyeonggi Osan 550 48 206 Warning
5 2018.07.02 Gwangju 459 47 231 Warning
6 2018.07.02 Gyeonggi Yangpyeong 202 65 232 Warning
7 2018.08.26 Jeonam Gokseong 768 18 125 Warning
8 2018.08.26 Jeonam Gokseong 768 17 123 Warning
9 2018.08.29 Gyeonggi Yangju 598 36 300 Alarm
10 2018.09.03 Chungbuk Cheongju 327 10 193 Alarm
11 2018.09.04 Chungbuk Goesan 603 12 147 Alarm
12 2018.09.04 Gyeongbuk Mungyeong 273 12 103 Warning
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Fig. 7. Validation of Hazard Level-based Rainfall Thresholds Using 2018 Landslide Events

Table 4. Validation Dataset Using 2018 no Landslide Events in Kangwon Province

Case Period Location AWS No. D (hr) C (mm) Hazard level
a Chuncheon 101 39 146 Watch
b 2018.07.01 - Inje 211 41 117 None
c 2018.07.02 Wonju 114 36 101 None
d Gangneung 105 27 64 None
e Chuncheon 101 99 288 Warning
f 2018.08.26 - Inje 211 63 217 Warning
g 2018.08.30 Wonju 114 81 189 None
h Gangneung 105 68 140 None
i Chuncheon 101 17 34 None
J 2018.09.03 - Inje 211 12 28 None
k 2018.09.04 Wonju 114 12 85 Watch
1 Gangneung 105 15 66 None
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