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Warning Model for Predicting the Risk Zones of Rainfall-Induced
Slopeland Disasters
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ABSTRACT Slopeland disasters triggered by rainfall are related to geology, topography, and vegetation conditions;
however, most warning models are only quantified for rainfall indicators. For example, although the current debris flow
warning model in Taiwan and the sediment-related disaster warning model in Japan employ different critical lines,
indicating the differences in the geology and terrain of the two regions, these models do not comprise a defined set of
quantitative assessment methods for expressing the physiographic fragility of each region. In this study, we used his-
torical relative rainfall data from QPESUMS to define a rainfall hazard index (Hr) and adopted the frequency and scale
of new collapses in each QPESUMS mesh to determine a physiographic fragility index (Fr). Then, we integrated these
two indicators to obtain the risk level of rainfall-induced hazard (R:) for each QPESUMS mesh during a typhoon or
heavy rainfall. Finally, we considered rainfall events from 2005 through 2017 in Liougui District of Kaohsiung City as
an example. The results indicate that the warning model can predict the occurrence and location of new collapses and

also display the risk zones of rainfall-induced slopeland disasters through a visualization platform.
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Table 3 The value of rainfall-hazard index (Hg) on No.110025 of QPE mesh
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Table 4 Annual new collapse area and related statistics in each QPE grid (excerpt)

QPE4R5E 20054 20064 20074 20084 20094 20104 20114F 20124 20134  20144F 20154 20164F N, A,
101641 0 0 0 0 0 0 0 0 0 0 0 0 0 0
102962 0 1,685 0 0 0 0 0 0 0 0 0 0 1 1,685
106935 0 0 0 0 0 6,366 4,833 0 0 0 0 0 2 5,599
109585 2,209 18,898 0 0 0 144,656 18,866 1,609 9,446 0 0 0 6 32,614
110025 6,471 99,080 8,183 8,758 32,481 130,574 2,882 5,981 6,124 1,338 1,717 2,125 10 30,187
108261 24,127 16,881 0 3,454 5,029 274,572 60,048 0 4,893 0 0 0 7 55,572

Nn : 2005~2014 74 FRITEAR. (XH0) Aq 1 2005~2014 FPIFHAAIHTIR (m?)
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Table 5 Distribution characteristics and classification
of physiographic fragility index (F¢) in the study
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Baolai Vil., Liugui Dist. (b) Xinkai Tribe, Liugui Dist. (c)Launong Vil., Liugui Dist. (d)Xinkaishan, Liugui Dist.
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Table 7 The risk level of rainfall-induced hazard and proportion of new collapse in previous years

QPE#5£110025 (HE55/EFAKE)

TR SRR (R) PRISEL Hr A SRR R AR R (%)
1= ( EAR>EAR) 4 4 100.0
5 (EAR3y<EAR<EARg) 19 8 42.1
f15 (150mm<EAR<EAR;)) 20 0 0.0
1 (Undefined) - -
{& (EAR<150mm) 102 0 0.0
EAR;=313 mm EARs =525 mm EAR¢=738 mm FEARy=815 mm
QPE;f;g; ;2 gﬁszjﬁ%if&m PRISEL R AR EL R AR R (%)
1= ( EAR>EARys) 2 2 100.0
5 (EARs<EAR<EARys5) 11 3 27.3
18 (EAR;<EAR<EARy) 8 2 25.0
1 (150mm<EAR<EAR;)) 20 0 0.0
{€ (EAR<150mm) 104 0 0.0

EAR;=289 mm EARs;=477 mm EARy=665 mm EARys=894 mm

QPE&SE109142 (HzggfEZEARC)

R RS (R FRISE WA HR SR PR S5 WA AR AR (%)
TS (EAR>1000mm) 1 1 100.0
15 (EARsy<EAR<EARg) 6 1 16.7
1 (EAR;<EAR<EARq) 11 1 9.1
{& (EAR< EARy) 125 0 0.0

EAR;=321 mm  EARs;=529 mm EARy=738 mm EAR,s=880 mm

QPE&HE107377 (HgsEZFEB)

L RS (R FRISEL A ARG AR AR AR (%)
TS (EAR>1000mm) 1 1 100.0
= (EAR>EARyy5) 1 0 0.0
15 (EARy<EAR<EARys5) 1 1 6.3
1 (EAR3<EAR<EARs) 16 0 0.0
{& (EAR< EAR;)) 126 0 0.0

EAR;=315mm  EARs =532 mm EAR¢=748 mm EAR¢;=904 mm

QPE&IE102521 (HEgIEFRA)

TR (R) PRI WA HR R PR 5L A RS AR (%)
15 (Undefined) - -
= (EAR>1000mm) 0 0 0.0
15 (EAR>EARss) 2 0 0.0
1 (EARyy<EAR<EARss) 3 0 0.0
{& (EAR< EARy) 140 0 0.0

EAR;=253 mm  EARs =392 mm EAR¢=531 mm EAR¢;=844 mm




8 BRIRT ~ BE94E - BRENEL ~ Mok

3. ERTRY I3 4 th B ERRF R RS

RIBKLORFFR 2006~2017 fﬁﬁﬁ@ﬁz 464 {(FEAR LD
EPles > ANBEFEFTE 35 FERIREH] : PR 7
UK ETR > &R 28 (R R it SE P 2 ZE R AR 40 E] 5 -
SIMTIE 28 (AR R A S BIRTE 2 QPE 48f& i STHES9/E -
WALt SCHETIE Ry AGGR) K B(H) Fa .z EHITEAE
60.7% > (UAEHE  MoKORFFTECER Z EASEBIRLL - IOk
EHE WRE) Z¥EhT  ZEAELORUESRRZ HEM
W B PRt R ST HE S T AT B S R SR e B
CBE RS L > S B GRS it B2 QPE 4
T EH AR H At SRS E > RIMSCHESSE R D(59) K E(f59)
TR KBIFTIEELBINNEE R 57.1%  GFOE 8) - AL > 1&RE
WEF LA TE S AT » BRI B IR R TR &
Hrp Elfr2 QPE 48f& 2 M E S MR (L -

Rl AN EA W SIS A RTRE A e S E &

* 8 NEBEEFERIMXMIEZHXAEIEEIEFRET

¢ B P S B AR

afl > AFEHE— PR AT 28 fFEAR LR EBIE el $F
SEAEHT > HFTE QPE &8s rf_EIFTAE QPE 48k 2[RI EL
SRR SR B LAFT - Horh > 92.9% 2 BRI EFI 3 AR

g s SRR - 82.1% BRI KB S AR AT

B e BEEmBRELR > S5A 39.3% 0 s ) BUKE R
T FR 9 o R PR EZRN > R 10 fEgkir

AR [ESC G 55 FE AR 2 B K Wb SE 138 A il 2 20 S8 i i
LRI - PR ESE TS 26 s
KIS 2 T E WHEEE ARG T - Ih4h > 2016 FHgLEREE
—ERE L ARESNER ST DF097 2 S > ALK B
QPE 48 (4R 109142) txt - HIHOZHES9/E Ry C o BB
B S5 4l 2 e S PR = 2 S SE B AR A 1 /N LB S

PrEa (g T o HAESEER B QPE 4918 (4R5E
109141 » #h3CHES5RE A D) ARl RIEE S mpn SR "
WA B 9/27 15:00 5 AGHA 9/27 20:00(SS 2T 2 /N) i

ME ) SRR -

Table 8 The statistics of physiographic fragility index in historical major sediment-related disaster in Liougui District

e i LBl %) R LY (%)
A () 6 214 1 3.6
B () 11 39.3 9 32.1
C (F459) 5 17.9 2 7.1
D (59) 7.1 6 214
E (5i53) 4 143 10 35.7
£ 9 ABBREFEATMKAIFER QPE FBERECERFRMRET

Table 9 The statistics of risk level of rainfall-induced hazard before historical major sediment-related disasters in

Liougui District

KK B e B R = B R B S A R B RS A
B {ﬁF%z LB (%) EEL LB (%) 6B LB (%)
200640609527 2 2 100.0 1 50.0 0 0.0
20074F B2 MARAE, 1 1 100.0 1 100.0 0 0.0
20084 ECEL A E, 4 4 100.0 4 100.0 0 0.0
20094 B e i, 15 15 100.0 14 93.3 11 73.3
20104F FLABLLREE, 3 2 66.7 1 333 0 0.0
20124E061055 5K 2 1 50.0 1 50.0 0 0.0
201 64F AR 1 1 100.0 1 100.0 0 0.0
I 28 26 929 23 82.1 11 39.3
=10 ABEEAIWXGIZSE T QPE @RERBCERER (Hi)
Table 10 The risk level of rainfall-induced hazard before historical major sediment-related disasters in Liougui District
(excerpt)
SEBIBEAL 22 e 48 5S¢ PR P R E K
gty ORI SEPIEH SRS BRI UG R
E 2008 FFEGLEEE-E R 7/17 23:00 EAR=640 mm 177 P8 2 EZ 250 ] ] .
110025 (55  EETDF047 m - [HET£20%5 7/17 14:00  17/17 15:00 e
D 2009 BRI FERAE- B3 8/8 21:00 EAR=1399 mm 1777 HERE RS 6 _ ) '
108260 ) E%—g?zo}i . m - TFE20ha » HEH38 ﬁi %% % ﬁcﬁﬁ?ﬁz@ 8/7 13:00 8/7 22:00 8/8 09:00
C 2016 WHGJE, — 2 E 9/27 22:00 EAR=598 mm 5377 HE & & i fE4S ) . .
109142 o %_FHEDEFO? R 03ha -+ |FRAEMAE AL i 9/27* 21:00 R i
B 2009 B FIREE- 755 8/9 06:00 EAR=1327 mm 7% HL 144514 7 B _ . .
107377 ) E 5 GHUZRI - ST - 8/8 06:00 8/8 09:00 8/8 10:00
ik 1 © BAR=SUiF{E QPE 4818 2 A3 R IR
#E 2 1 2016 FAEEREE — 2R B = DF097 S » 4N SEBE i QPE 48K& (4R5t 109141 » 3t SCAE53/EE ks D) » Al S RIS Ky 9/27 15:00 » SELER,
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Fig.8 The display platform of risk level of rainfall-induced hazard
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