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A Rainfall-based Warning Model for Predicting Landslides
Using QPESUMS Rainfall Data

Chen-Yu Chenl"  Wei-Ze Liou[2l  Chia-Hsiang Hsu &

ABSTRACT The Rainfall Triggering Index (RTI) model is adopted to set up the critical rainfall for each township
since 2005 in Taiwan, and the debris-flow warning system based on the RTI model is successful in reducing casualties.
However, the antecedent rainfall calculation using the deduction coefficient of "t" days in the RTI model leads to a
false alert rate higher under some rainfall patterns (e.g., long-term duration and lower rainfall intensity). This study
suggests a modified method to calculate the antecedent rainfall and effective accumulated rainfall to solve the above-
mentioned problems. We also establish a new warning model, which uses the QPESUM data for the past decade, the
identified results of remote-sensing image, and the disaster records, to predict landslides. In the case study of the Wulai
District during Typhon Soudelor in 2015, the new warning model offers good prediction of the times and locations of
landslides. This study also proposes a new platform which displays the rainfall-induced disaster hot zones. These find-
ings can help government officials to make appropriate decisions during emergency response.

Key Words: Landslide, debris flow, warning system, QPESUMS, effective accumulated rainfall.
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|:| Level 1: The amount of rainfall may exceed the amount of expected to cause debris-fiow and slope-failure
disasters within 3 hours. It advisable to inform residents.

I:l Level 2: The amount of rainfall may exceed the amount of expected to cause dabris-flow and slope-failure
disasters within 2 hours. It is advisable to tell residents to move to a designated safe place.

Level 3: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
. disasters within 1 hours. It is advisable fo confirm that residents in dangerous areas have movedio a
designaled safe place.

. Level 4: The amount of rainfall may exceed the amount of expected to cause debris-flow and slope-failure
disasters. Conditions are expected o be very dangerous.

(b)

1 (a) BAIWKXEERBMRERAN (b) TRECRZEMFRREZZEZEE(ES (Osanai etal, 2010)
Fig.1 (a) The format in which early-warning information is disseminated from local government. (b)The colors are coded

to show the condition indicated by the danger level, and the action that is recommended be taken. (Osanai et al,

2010)
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Fig.2 The concept of Pushing the warning information which superimposed the sediment disaster potential area and
risk level meshes to the local government (Cabinet Office, Government of Japan, 2015)
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Fig.3 The difference of different formula for effective accumulated rainfall during intermittent short-duration heavy

rainfall
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1. Identify the problems

v
2. Methodology

Use radar rainfall
data (2005~2015)

Modify the Set adjustment || Use QPE mesh as
formula of EAR rule of R, a warning unit

v

Determine initial R, , for k=1 to NM

$ o

Calculate EAR,,  for k=1to NM

S

N Issue alert for mesh k

EAR : effective accumulated rainfall
R,, : warning rainfall
NM : number of QPE mesh

Adjust R, , for k=1 to NM

v

3. Evaluate the accuracy of warning
system for each year

v

4, Discussion

5 MRIZE

Fig.5 Flow chart of the study process.
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Table 3 The results of positive rate, false positive rate

and missing rate for warning system during

2006~2015
2006 Y N 2007 Y N
AREEY 0 35 RAERY 27 9
AREEN 1 201 ARIEIN 127 74
TEHIE () SHPR (0 RHE (%) TEHPR (%) S (%) R (%)
84.8 04 14.8 42.6 53.6 3.8
2008 By EGEN 2009 Yy EGRN
RERY 35 5 AEEY 12 18
RN 162 35 AN 8 199
TEHR (%) 3R ()REIR (%) TFHIR (%) 3ER (0 RAE (%)
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2010 Y EGHEN 2011 WY SEEIN
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RN 25 190 AN 6 196
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86.5 10.5 3.0 873 2.5 10.1
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AEEEN 151 62 AEEIN 9 216
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35.0 63.7 13 92.8 3.8 34
2014 BY BN 2015 Y BN
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TEHER (%) SR () JRAEE (%) TEFIE (%) SR (%) REER (%)
91.6 0.0 8.4 56.1 342 9.7
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Fig.9 The occurring time of the landslide in Wulai Waterfall Park and the change of effective accumulated rainfall(EAR)
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Fig.10 The occurring time of the debris flow in Wulai District Xinxian Lane and the change of effective accumulated
rainfall(EAR)
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Table 4 The results of average warning rainfall, max EAR and warning hit rate

FE i epi s SR PR, (mm)  EEEERE T SFEERREARIE (mm)  TEFIR(%) L)
2006 35 4418 195.8 84.8 0
2007 36 401.8 497.1 42,6 75.0
2008 40 4638 5717 295 87.5
2009 30 5122 282.0 89.0 40
2010 2 492.7 303.9 865 682
2011 35 497.0 2415 873 314
2012 24 4773 569.4 35 87.5
2013 12 549.2 309.8 92.8 333
2014 2 544.1 1920 91.6 9.1
2015 94 520.7 531.2 56.1 75.5
S| 37 490.1 377.8 69.5 50.8

i 1 2006 FZEFHFT R R AfichE 2005 FEBFTERZYHAE 2007 Y R WiEsT Al —FREEREMIEY » (RE 8 ZE M B AR 2 653 -
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Fig.11 Distribution of N-EAR and slopeland disaster on QPE meshes in Taitung Area During Typhoon Moranti in 2016
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