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A Terrain-Based Model for Identifying and Assessing the Potential
of Channelized Debris-Flow Streams in Sedimentary Rock Areas

Tien-Chien, Chen* Wan-Chen, Huang Yu-Shan, Hsu

ABSTRACT In this study, microgeomorphological and multivariate statistical analyses were performed to investi-
gate 32 streams in the sedimentary rock areas of western Taiwan, including 16 streams where channelized debris flows
have occurred in recent years. A hillslope debris flow model was used to identify potential debris flow units for each
sub-watershed of 32 streams. An aggregated topographic indices for each watershed were then defined. Multivariate
analysis was conducted to develop a new identification model and a potential assessment method for channelized debris
flows. The proposed identification model achieved an accuracy of 84.4% when tested against real-life cases. Approxi-
mately 87.5% of streams with previous channelized debris flows were classified as having medium to high hazard
potential. These results highlight the identification model and hazard zonation method as excellent practical tools for
evaluating the hazard potential of both existing and newly identified streams prone to debris flows.

Key Words: Channelized Debris Flow, Hillslope Debris Flow, Identification Model, Hazard Potential Model, Dis-

29

ARERZRETARABRIEBER MRS Z—ENEKERAKE

aster Management, Environmental Sustainability

— » BIS & X RAEIEE

BB ABREE RIERENR g R B4 - EREST - HhE
RS TR R SRR AR S PR 2 e PR - B A0
SR - PRSI E W E S > RIRE R A K EEERE
HEIAY - HIR B AR S EFE LW EE R EE > $F
U B 2R g e e N IR 2 48R - IR L T B B iR oy &
A K EF AR SR THEE - AT S EERT  W
PEERME Ak B IR -

EIRBI AR (channelized debris flow » CDF) 2S¢ B
AP A7 (hillslope debris flow » HDF) » jATH4E

EERarEe R H R E R AR RSEHNERA L
it Z KA 2 b BRI A - iR (8 1)
S A AR A B S T - PRI
IR R B R PRFRE L o EEMIPECE A a0 (BROK R
K REEE » 2009) © [AEL > BRELEDHESIN S - R AR 2
w4 BHAKEARE A+ AEE S B E2EE
KRS - RS - R e & TROANR + aie
SR TEEL -

LA R ZE - PR E B E I A 8t e o A
& BEIL T AT HIERE AR A O e A 2 R i AR
2 (BER{#ET > 2016 © Shuetal. ; R ERELT - 2019) -

FRRRHCREK LARF 2

Department of Soil and Water Conservation, National Pingtung University of Science and Technology, Pingtung 912, Taiwan, R.O.C.

* Corresponding Author. E-mail: tcchen@mail.npust.edu.tw



30 BRRME - SaBEtA ~ SFERAT © IBTE R R IR BB B 7y 85 A — R K S T B - fe st AR

BT RIS A AR R E E R PIEEY > &
FEIEH|FREE 85-90% - Bing g 90-94% - BB + i %
BT 85% LA L » B2 B8k 100 pEll I - s
KR R ER LR > BURHIZE R B BB IERIM: - ik > o
FeEIR 20 B SR K P 2 R BT 2 st P R
AR 2 F M B SR HE AR AR R R T
I > BFE K@ Y R 2 S i BT A - 5%
A AR R fa LSRR LR = 0704 - AR AR T e
SERFUR/INT IR R

FokE R 2R A ORUE SR AR —
LRI AT RSV (S A
FARSBEARZRA L AR BRI 32 RN - SRAAIHZE
B e 5 il 3 e Y At FIRE AR - IR SR TR K Y
Hyvim A+ RS EIT - itk - WIETSRKEN it
HHHPINT - FHIERSEEGET T BRI AR 1
R FIRER B RS 8Tk -

B 1 SRR ERBHEKE L RS ERE (R
K REARRBLT,2019)
Fig.1 Hillslope Debris Flows in the Upstream Wa-

tershed of a Channelized Debris Flow
Event (Chen & Chen, 2019)

1. tERASRAE1EE
BRI L AR T TSI - IR R
B IR (Jakob et al., 2005) - FEZEHY LU AV A
& RN ER AR (R E AR KRR
AP AR (B2 %R 4A07)(Glade ,2005 ; Hungr et

al., 2001) -

(1) ¥mEAE A% (hillslope debris flow or debris avalanche)
MRS - Wl LR 2T TR 1R
TRy BRI BELIN 20 2 45 FEE S E
RN 0 FRRRBAMFERBOK T - MR
R BS L 7> (Iverson , 1997 ; Hiirlimann et al.,
2003 ; Iverson and Reid, 1997) - ftE > JEfE %05 0.5
Z 2 /AR (Hirlimann et al., 2003) - /K 4 {f££F F-i
(2017) f5H - BBt AR HELSR T - EEAE
—ES/KERARI MBI - TEFFRAVEE T » M35
HEIN Y T ASEE/K R 2SR » S EE A A T PR
HEENME LA TR - R AR ER YT EEK

B > REAA K SRR B I s
BT RAERNIREIERA BEy - HIRBERE -
TURMR > ARESE > A% R MEHROE - B
B (R NSy SIS R B FT DUSE R E KRR - i
T AT BB 1 - MR B B T
HHER - 40lE 2a fis ©

(2) ZE+ A7 (channelized debris flow)

FR R AR E B — R
BEB R E R R A T AR RS RSB
RN SRR > EIREYIE AR IR R E K W8
B RRIE > 400 2b AR - 7Y 1/25,000 R E B A HARE
BRI - BB AR SRR - RENER SR
B IR AU - SR K@ I RREOK » HE
TEYm 2 Mem 2R AR BES - OKLREF 1
2017)

2 THPETREE (a) WEAELTER (PEYIN)-(b)
ARBERR (AIREREANHKEZ)
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Table 1 Locations of 32 Case Study Streams in the Research Area.
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Table 3 Methods for calculating the aggregated topographic indices for each stream
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Table 4 Pearson Correlation Coefficient Analysis Results for Seven Factors.

Factor EWAupr acc AGlIhupr ave LTupr acc DRTupr ave CGTupr ave RLSAmpr ave EDPRupr ave
EWAupr_acc 1.000 0.153 0.659 0.027 0.286 0.185 0.212
AGlupr ave 0.153 1.000 0.243 0.142 0.590 -0.314 0.023

LTupr acc 0.659 0.243 1.000 0.037 0.233 -0.171 -0.117
DRTupr ave 0.027 0.142 0.037 1.000 -0.506 -0.226 0.315
CGTupr ave 0.286 0.590 0.233 -0.506 1.000 -0.108 -0.301
RLSAwupr_ave 0.185 -0.314 -0.171 -0.226 -0.108 1.000 0.324
EDPRupr_ave 0.212 0.023 -0.117 0.315 -0.301 0.324 1.000
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Table 5 Discriminant Analysis Results
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Table 6 Hazard Zonation Classification Results for Stream Samples.
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Factor EWAupE_acc AGlupr_ave LTupr_acc DRThpr _ava CGThpr_ave RLSAwupr_ave EDPRupr_ave
WAupF acc 0.932 0.244 0.868 0.014 0.340 0.063 0.110
WAHDF Max 0.589 0.014 0.365 0.158 -0.038 -0.085 0.005

AGWHpr ave 0.254 0.962 0.328 0.093 0.666 -0.241 0.037
EWAHpr acc 1 0.181 0.695 -0.033 0.361 0.248 0.217
EWAHpF max 0.803 0.078 0.303 -0.047 0.198 0.265 0.318
AGlhpr ave 0.181 1 0.270 0.114 0.591 -0.269 0.029
FFlupr ave 0.722 0.201 0.867 0.145 0.132 0.078 0.173
CGlhpr ave 0.249 0.875 0.229 -0.130 0.718 -0.014 0.102
DRIipr ave -0.007 0.106 0.101 0.723 -0.458 -0.315 0.108
LSAnpr acc 0.971 0.085 0.650 -0.079 0.337 0.403 0.212
LSAnpr ave 0.461 -0.161 -0.018 -0.020 0.000 0.626 0.312
LSAnpr max 0.825 0.034 0.385 -0.110 0.259 0.468 0.245
LThpr acc 0.695 0.270 1 -0.046 0.343 -0.045 -0.087
LTupr ave -0.149 -0.099 -0.034 -0.096 0.010 -0.379 -0.724
LTupr mMax 0.118 -0.080 0.288 -0.043 -0.014 -0.200 -0.581
EDTupr acc 0.734 0.358 0.962 -0.133 0.522 -0.036 -0.082
EDTupr ave 0.074 0.392 0.140 -0.365 0.657 -0.304 -0.674
EDTupr max 0.442 0.400 0.514 -0.419 0.736 -0.083 -0.531
CSThpr ave 0.343 0.556 0.377 -0.494 0.953 -0.125 -0.239
DRTpr ave -0.033 0.114 -0.046 1 -0.534 -0.266 0.298
DRThpr max 0.109 0.115 0.182 0.902 -0.444 -0.169 0.376
CGTupr ave 0.361 0.591 0.343 -0.534 1 -0.002 -0.263
EWAlupr ave 0.399 -0.155 -0.059 -0.311 0.113 0.659 0.688
RLSAupr ave 0.248 -0.269 -0.045 -0.266 -0.002 1 0.325
GRIRypr ave -0.110 0.274 -0.106 0.173 -0.239 0.055 0.300
EDPRupr ava 0.217 0.029 -0.087 0.298 -0.263 0.325 1
MRipr ave 0.167 0.678 0.233 -0.516 0.912 -0.057 -0.210

MR("0.5)upF_ava 0.207 0.703 0.261 -0.500 0.921 -0.080 -0.196




