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Establishing a New Susceptibility Model for Landslides in Urban

Areas: A Case Study of Taipei City

Po-Chuan Chi ™" Che-Wei Shen™ Shu-Yeong Chi U Li-yuan Huangm
Shih-Yuan Lin®!  Sin-Yuan Pan"

ABSTRACT
statistics, taking only natural causes into account (viz. terrain, geology or hydrology variants). They offer, however,

Recent studies of regional landslide susceptibilities have been approached through multivariate

limited predictive accuracy for predicting rare events in urban areas and the effects of man-made construction. Thus,
this study establishes a new susceptibility mode, taking into consideration the effects of construction (including den-
sity of structures, density of roads, and disadvantageous index of man-made structures). The rainfall of Typhoon Nari,
a well known extreme rainfall event in Taipei city, was used as the triggering factor in the susceptibility model. The
results show that the accuracy reached 76.9% for both scenarios with natural causes and the effects of construction.
Among these factors, the most crucial role was played by the disadvantageous index of man-made structures in the
model. This study also suggests a set of thresholds for susceptibility classification and verifies its suitability when ap-
plied to other typhoon events after 2000.

Key Words : Buffer strips, SWMM, Vollenweider model, Nonpoint Source Pollution.
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SCHBRER (2012) SRat3AOIARUIS 1968 22 2010 BNz
BT BB TEE N O EE A SR EEFTEERRA
I R s & A L 104 1k s @A=L SaE - B
NDIRRE S > EE A RBUMES > BUR A R G EEH
KEFHEUIRG - SN EILH A SR % - SOt E IR
S O BT AR Re R R U R & - ARt AR SR

1 LERVE RS B B RTEINS M B BR A 2 05704 - LUARTE R Y
Hrol oy BB (B ABRE AR ARSE (8088 ~ SR > 2005 5 &=
LR 0 2009) > EEA G E B H RBH AR » DUERE
B M T A MBS AR E M - A E AR R S HEER R 2 &
(EEES) - BRI - WE KA T > iLEEHs %
B PLLgR B 8k DRI AR B RS 2, (Varnes, 1984; Guzzetti et
al., 1999; van Westen et al., 2006) - ZR[fij » S FEEEE D= AL

(1) MEDAA BT AR R 7 SR FE

Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, INC., Taiwan.

(2

—

SN T /A TARE

Geotechnical Engineering Office, Public Works Department, Taipei City Government, Taiwan.

* Corresponding Author. E-mail : pcchi@sinotech.org.tw



218 oM e - B WILE - MO RS e RETE R ERGHE R - LEILh R B

Hibt = FE R S AU A G & (urban area) BUZEHASFIE (rare
event) » FHIEEARIREAED » DIRFEAER(CA TEBW RS2
R DAEdR A s B A Tt B IR RATFIV AR TR -

BRI AUt LEIL T Rt oeEalE - $R A R =
fF (2001 F4HIBER) [EIH5 8 B 2SR R N LB H
P ALESRFRERALCHEEEA 013) $EHZ N TEY
AR - RIS HRT = A & I > B I AR R B RL (re-
gional landslide susceptibility) B IERER - R T8 E
R T AR RS 8 AN L8N A RIS
BT A T T EETEARERE A BB
SR R TTA R [EIFR 2 T 2 AR IR DAL RE S BRI SE AT
MBS RS AR IR AR A B E R E E K
BT SR -

=~ ALERESF LS E

WS B RE TP ATREEE 2 N T8 S Ry s E
BRI > ZF RiB R E 2 A i e iEYnyZe 2
5 MEHPEEEE AR ENZHE  FHEBGIER
WA a2 2 - 2L BN L% A TIER A 25 HE
HET AT - 199 EERGET 2T A T8 >
PRE BN - B 101 FIECE 19,518 AT B &R 2
TRHMERAS ~ T N SR - HI8ER A T/F T2 g b L
PRI (2008) ZENT 2 BE b1 & 8 1 58 27 2 5Tl A ST Ah
Fhs o AN LB R E BN HE R 2 R 8 B
SFERFEMR AR Ry P A R RIS 4 R e r 2 2% -

LWHEFEA (2013) BTHZERARERA G ZHEE
b R A B RO & 20 T U 5 SE E 4 gR T A\ TiBYs
LRSI > 2 R T A TIEWAFIGREER | - B ik
BEIETNEEE 1959 42525 7 (LR oh S F s st
B ATRBE M AN ZS > b E bR B AR R K
Google earth HFrFhlE » K 1,042 ZEFE 5L S BEITE L K& 55
T N TEWELH B CERVE - 1BIL > B A B R
TEERHIBIE St CBE T AE R A LB e R Y 84 K E- &b
HHEIERIE 420 £ N TBHE WA S ERESE -

ZLIE D HIURE S S A HRIITE N TIB N AE S M aT
FiE (CInEER ) STEE AN TEY 2 R FIE R
o HAEREER 1 AMRFZEI A 2 ARG da s Eok
PBIAN3 = B B ~ 788 IR S B s M ~ I TR BRI B}
INRERZES B BRI - LHEEA (2013)
LT BREREE IERERE 80%4h » SHE 1 AR, » SARAIE:
MR 2 N Ty (i B B sk $ B A E 2 —8E (ndt
& - D& R CSCUE) > BB BT AR - EIRLERFIR
R mE 2 AN T8N T HIRA SRS » BURIRF]
AR E S A N B IERE S B E 2 AR ML R
e

AN B RO RIS G R E R R G e K EL
PRATIERY - s[RI (i i DA TR 2E (2008) SRALFRISHTK
B2 EURERr R AR AN T B A (R B Uk (&

] Z R > SO RN A BB R RIS Rl sm T
ATz — -

=~ UERB RN F 2 T B B

AW GRS IR E LRV A T 20 > 7351 By
LT (1) 1959~2012 FEEE S EREAR ~ (2) 4T 10 £ELLIFR
Hi%~ (3) 4 AR x4 A REERT ~ (4) NBFZATER (A
ERAE ~ YA ~ TR ~ ERERATESN DTN K
(5) FIEEHR - UT 228t LA RUA T 0 KB B AR TaR
B DU ER 2 H =L B BRI 7 Bt g &
FEESARE R -

1. RHKETT

SHE I (28 T SKE RS | FE (Xie etal., 2004) -
BL ArcGIS HI/KSC43 it (hydrology) Fye » EBIEISHAY
WoRRT (WA A BT AR R AL (LT ARG h k) o
2009) » LA 1/5,000 H (5 RHFAE - 57 St B A T
RS - HF SRk BT 6,371 (EAMEETT (R A
P TRRRARIE > 2012) DU (E TS B R 2 i -

HIRBLS 2L TE RO (binary 0 08¢ 1) A -
(&R 1959~2012 [ SE SKBERGIT 10 4FLLIE El % ik » 2%
L (2009) T HEE EAH L HESST (3/4), ik -
ERIEREIT (R B © (1) AHERLTH ST AER
AF 100 EHFAR ~ 5 (2) BRESERANAULETY 5 I
7 ERG S B ERIER AR RAN BT - 454 bt
SYMFETST > B 2001 LT EA SRR S - FEn
HASRA BT 4 281 () AR AR B T 22 S A AN 2 e -

296000 300000 304000 308000 312000 316000

Meters
4,000 8,000

o

& 17
AT ihk s
105920124,

g

* &

LEERS
95-1014 A T b3k
7 #] 44 15 4
PmA&if #+0
—— 0.0 - 0.2
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
Pmf it A1

2765000 2770000 2775000 2780000 2785000
2765000 2770000 2775000 2780000 2785000

296000 300000 304000 308000 312000 316000

B1 ALBRUE (STFEEEER)EE
AmE GtaEE A 0 2013)

Fig.1 Distribution of man-made slopes (with disadvan-
tageous probability pm) and historical failure rec-
ords

KEEMHUE



K L PRI ERE > 45(4), 2014 219

2. FFE

(BRI S ML FRE R AHBAR TR 25 (Guzzetti et al., 1999,
2005; Chang et al., 2007; Chang and Chiang, 2009) - ®& {5 F{ > &}
WETTILFERIR T8 R EE - LA AFIERE (Con-
siglio Nazionale delleRicerche, CNR) 7K 3 #h/E S 21 9% Fit
(Istituto di Ricerca per la Protezione Idrogeologica, IRPI)
Guzzetti 5SS R% -

R SHE P (2009) " ESE & G LA EE ST
(3/4) ) FHEEHL Guzzetti et al. (2006) R FITA T 2RV -
AR S HUS M ST T M 2 JR A > ZEEUL ARV RUA T
BBt En AR PR LA B A TR SR e
BRAN AT o3 R XA~ KXAF - NBRTFEIEAEFEERTF
PUEE GER D -

3. EmESIERR
R BT RIR T EEERAZ AR 3 Frr BEE A S
SR ERY 73577 (Principal Component Analysis, PCA) KT
4R (Success Rate Curve, SRC) HkiseREE A1 I B B HH R
P53 (Correlation Analysis, CA) ZlFREHEAN T SR K
KRR R B i SR B AR BURRE M » DR TR B4
HAREBIER Z FB RGN » DUTEREA E R o ~ ik
Dhys &R AR BRI o A B 8 R Pl R ol R
() ERTHT
EHBNZR AT (factor analysis) Ji7EHHY ERK 357
Mr > EFEEHH AT ~ KR T~ AEBEERTRA L
A FHYEERT - #Him E T SHEF SN EHER
HHFEE - ERlEEZ E T AT ¢
@R Kaiser (1960) 1Y KMO (Kaiser-Meyer-Olkin)
RN e IS > KMO ZE/DEARY 0.6
FRE R TR B G TR R AT
© £% Lietal. (2010) J Shen etal. (2012) 7% » Jise
ZER BREERE L (RRM) BEE 85%DL
o
O WA ER T ISR E R ABOEE R - 2
BRMERESE A (2004)FHOZHESE A (2005) K Shen et
al. (2012) 3% - PREERGRECNN 0.7 & R
BV A B RUA T -
TR IEERANZR 2 i FE A PR A
FIET 1335 B TNFR 2§ -
(2) FeTAHhaR
IR AR (Success Rate Curve, SRC) EATEMH[Z
Af143 (Prediction Rate Curve, PRC) 2K H| EHERE
PN GRERBE TR DR VAR RERE 1) - BT el dh 48 T i
(Area Under Curve, AUC) 1y HiE % = BT 2 (I
(Chung and Fabbri, 2003) - 4&8&7c:07 AUC {HBAHIE:
‘EEEEET A 0.5 0 RIS R NS thiEin
4584 (Chung and Fabbri, 2003) °
AH7ESE Pt (2010)" S/KIEE S E R LR
TR Bl A R RTAL | G » AUC 3 0.6

=1 LREBRETFIIx

Table 1 Landslide susceptibility factors
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Table 4 Correlation analysis of rainfall and landslide
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Table 5 Accuracy of LSM-UA
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Table 6 Classification of LSM-UA
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Table 7 Validate accuracy of LSM-UA
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