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The Landslide Susceptibility Model Based on Landslide Ratio by

using Logistic Regression
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ABSTRACT
the landslide inventory data induced byfrom 2009 Typhoon Morakot, in 2009, for in the Chishan watershed, and dis-

The This study builds constructs the a landslide susceptibility assessment model based onthat uses

cusses determines the difference between the original logistic regression landslide susceptibility model and the lo-
gistic regression landslide susceptibility model based onthat uses landslide ratio. The result shows that the correct
rateaccuracy of the logistic regression landslide susceptibility model based onthat uses the landslide ratio is 5% bet-
terbetter than the original logistic regression landslide susceptibility model by 5.0%, and can revisecorrects two errors
produced that occur in the original logistic regression landslide susceptibility model. One of these two errors is that
the continuous variables can't do not simulate the distribution of the landslide ratio, and the other is that the similari-
tythere is some disagreement between the values of the coefficients values offor categorical variables and the land-
slide ratio is not high. The This study suggests shows that classification based onthat uses the landslide ratio in the
processes of building theto construct a logistic regression landslide susceptibility model can results in a better predic-
tion.

Key Words : Logistic regression, landslide susceptibility model, Chishan watershed, landslide ratio.
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Wb S EIRTHRN Ry HR BRI S8 2 IRl L ST BT RR SR TR B S I e

BiGm (BEESB 2 (& - 2005 5 5RiGHE - 2005; Chang et al,
2007) - AL DI ERHE TR U TR - R SR
77 Ry EUESEEY (continuous variable > (IANETE ~ SN &
5F) RS (Categorical variable - (14157 (R fe g %) 5F
WU - LR U R P L B R (BRI 1) B
(FIRBLE) 2 /7iEst (fitting equation) - {H [ {{{E % /T2
AR R TE B 1 -

SRR R B E E  IERERE I 60%
DUE (BRASEE sOBE{E > 2005 © ZRREREE - 2012 5 BRAEFSE -

ERREKH TR ERREE R

Department of Water Resources Engineering and Conservation, Feng Chia University, Taichung 407, Taiwan, R.O.C.

* Corresponding Author. E-mail : chhuwu@fcu.edu.tw



258 S+ DU Ry i i iR U BT AR VB R (G 15

2012) » {E 2 AR A R U E R P R 2 AR SR (DAL Ay
PR » AR DUFHERE (landslide ratio) Ryf{cis 2 EER
Al R SRV B A U A T =0 PR PRI — AR 0 7 U
AEAFE USRS Ry iR RS 2 (MR 22 58 R B AARIE R By
ciB 7 B )T B TE T R 3R AN AT LUE LIRS /K&
B EEHFEEE > WL 2009 FEBLHIFIEEE (2009 Typhoon
Morakot) 1% ARsR7 i REiEE 4 - Al —R B U
DARSRSR R fichs 07 =5 R AR B BB S AL A =X MG LR e oA
AT IE R R BR 22 AR -

— - RESE

ARG IR DA = s BRI SR K & R T
(B 1) BURE KSR B 818.2 km’ » FFiEMELY 117
km> B27KIE 21172 26 m 8 3,941 m 7 [ P45 =24 5y 838.2
m > ZEE/NA 1,000 m DUR 2 @BEAEEITE 2 63.9% 5 £2/K&E
BRI 07 79.2° 218 » ST Ry 22.47 > BRI 20
“FE 50 7 RS AETERE . 55.3% o FEHUE MG L B 2 B
TR E K& B Tl (45 T ) 2 — st E e - o
JHE AR AT - 2014) > FEIDREKE = KR EEME SR &
Y8 (LG4 KEmEE 262% S aEE BT » REH
ARIRE IS RIERIEEE) - HiEE (G KEmEs
17.8% - ‘Sl Rien ~ Wb Rofh L) ~ b R HAEE (5
17.8% » S REEEEIRE) -

PARMREGRETT S » BEUNREKE BN i S EE R A
12 » SeKENEFEIIRORLI RIS 24.2°C; TEHRERED
i L BEUDEE /KIS S UEES % A R K S ER R Sy o
RE PSR A H RS TSR A9 RE LR
HEIEF 2005 2 2009 F5EE H R S A0SR T 07 IR EK
& T ey 4486.8 mm > TS B Kk 401 - ER4EIETR
HATor BRFE R R IRFLIEEE S HE 10 H > TRERER
EAYEE AT R 83.3%~88.7%  EFAINEGE 11 BE
W 4 F o FIL ol E R LR S /K TR R PR 43 B 25 N 31 HE

Rk -

= REKEA B S ERE S 28K fRE
%% (Milliman and Syvitski, 1992; Liu et al., 2002; Hung and
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m’) RERFERE Gk 3.6x107 MTlyr) #k i)l
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W% 2L 2008 FEE 44 v G R Kz 2009 £F Ly e e R Ay L E &K
EEB RS 2§ EUNREEE/KIERY 2008 Fapgsrd
WafE\1% - HEEd: 478 BRAEZEN] - SARREELY R 8.7 km®
FRIE By 1.1% 5 BEUNRSE/KE T 2009 FEA T ReE % > HLE
4 2,389 RAMHZEN] > HARRERELYE 33.5 km’ o BEERE
4.1% o HEDIFRRERE 1L.0%ARZEKEEZEFEERE
FR¥E (Wuetal., 2011) > AU PREE/KIELE 2009 FEL7 ST e R
HEBRBEREEN - B 2009 SE5LH TR T 4 0T
5> RNamfEAR SR E B AR R L B U IR S KRR ST
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X(=1 £ n - fEARFET BARspaRIA 1) HIRZE > Bl P BH
X ZBA% 0§55 Ry (Gregory and John, 2003)
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Fig.1 The distribution of elevation (Fig. a), slope (Fig. b), and landslide induced by 2009 Typhoon Morakot in the Chishan

watershed
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£ (2) AP 2 6/G=0 £ n) ARAEIHEHEEZAT
HHEEBEHXG=1 £n) ZGEE EERAASZSEEH (R
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TR FAMHBITE (Lee etal., 2008; FREZEE - 2012 5 BRAEE
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Fig.2 The geological formation map in the Chishan wa-
tershed
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(6) SFamA T AR R R R i BB 2. 2009 A SLHT Su e
FRSEVESSETGIE - ERITE 2008 FSEvueEl. 2 ARts
TEELEEE > AL R AR KEELL 2008 34 pu e E
AR i DA—f g Sl iR Ui A U TR -

-~ RIS REREA

1. FABMERAR 7R R BB 5 4R
AT T EEAUB I PR LB (B DA RR I B A%
WTIRE & 1 ZBdR i SRR SE/KEAE 2009 425
U v e R\ 2% Y A e - AT FE AR R Y 7l R T R

TELRALR Z BRI

() =EET - @RS KE R 77t E
FERITE/NTS 500 m PUNE L ((54EER/KIE T 49.8%) |
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il =i 2 3,000 m L IR - b g i L 4
KA Z 20.7% > {E LRI 2 AR AR A S 48 AR

4 HWERT - EEEEEEEKEEREE L 10.0%
HUM & RALTUE (65 26.2%) ~ MHERE (i 17.8%) -
FB R R HAAEERE (5 10.8%) FER LT E (5
10.5%) » {HARHAEIE 5.0%0L b Eal s £ E
(FRERZR 13.0%) ~ 4LfEF @ (FitRz 10.5%) - MERLLWD
G 8.1%) ~ RITUE (AR 6.6%) - =RHES
(PSR 5.3%) FOKEEE (ARSI 5.3%) » RUIELLER
KECEHE o] e R B8R s R /N (R EI4E TS 2
1.0%) TEZ RS -

PeIRRTF - SRR ) > RIS A R R (G 4E SR
KEEEEFEEZERAKR > HE 8.6%(HILH) &
15.5%(FE () [ AHARERAI AL ~ 3OE ~ A RS
D (R T P i > P SR PO [ AR R LR SR /K& 7 2009
FEE v R R AR R R g -
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=1 HLGESKEKIE 2009 F 255 Re/E ARiBE 2 7 &
FRIBERAR T K IB IR R D ik =

Table 1 The classification of six factors based on land-
HTEZ 55.1% ° slide ratio according to the landslide inventory
) WERF - &EEE(LEE K& B R AN EH R after 2009 Typhoon Morakot in the Chishan
EBEREINGY 10°LUF (15488 KIS TEIRS 27.4%) ~ 7 7 watershed
1 20°% 30° (1545 KEHRT 22.0%) RIENH 30° H75 o o e o o
40" ({5485 /KIEHTE 22.8%)  {H FREHH iy e IsAIiL 1 \EE 11 42 3 B 05 00 1
TS REA TS 207 2 50° 7 ] BiLi S8 2 60 » H Wy e R e SREHE 23 53 3 AAEFIE 29 105 6
(5 KT 55.7% » (LTI 2 ARRET A f‘iﬁ 04 001 g&ifﬁﬁ 05 001
BT 85.3% - UL 00 53 3 IPEERE 39 09
== 13 05 1 = 13 31 2
() VERET : ERE RS K B ER AT 4 e &, ;u}f 07 130 6 Ei%jﬂ s s 1
TELERERG RS 1HY 1,200 mm 2 1,500 mm [EE@IE (145 i 178 0.1 1 BIrEEE 06 00 1
T2 40.2%) » FRERREERADRIER T 1,500 mm iU 262 66 41 RERLDE 105 815
% 1,800 mm > RIS T-RIE (e g PO O IR 36 23 2| MERASURATER 108 42 3
) SRR T - SIS 09 00 1 [y e ni=b= 49 45 3
R L (m) W% ()
<250 349 0.1 1 <10 274 04 1
250~500 149 3.1 2 10~20 149 27 2
500~750 78 103 6 20~30 220 51 3
750~1000 63 11.1 6 30~40 228 75 4
1000~1250 56 122 6 40~50 106 63 4
1250~1500 64 94 5 50~60 21 49 3
1500~1750 65 55 3 >60 03 105 6
1750~2000 65 34 2 FEEEH I (m)
2000~2250 49 24 2 <500 352 45 3
2250~2500 29 14 1 500~1000 426 38 2
2500~2750 1.7 1.1 1 >1000 222 0.5
2750~3000 06 17 1 Wa
>3000 1.0 102 6 SEH 0.1 00 1
Fpd (mm) it 103 47 3
<900 239 0.1 1 sk 86 63 4
EFTEM5 - [ b 5 2009 FEHERUA RIS AR i e e
SRR E M 1500~1800 58 110 6 i 137 36 2
Fig.3 The accumulated rainfall distribution before the PhEE 145 37 2
maximum rainfall intensity during 2009 Typhoon i) 155 36 2
Morakot (Fig. a), and before the maximum rainfall PEdE 139 36 2

intensity during 2009 Typhoon Morakot (Fig. b) in
the Chishan watershed

sk« OP(%) FsiZ i G K& FH 77 bE (occupied percent-
age) > LR(%) HilfsAAEE% (landslide ratio) »
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R T 0 ARE T

(1) —A e A - A EM SR (g
2012 ; PASIEESE » 2012) {ESEAEE > ABHSTHR 7S (AR
FHRAR 7 1& 70 Ry BRI E AV DR s o SR Dk » JHEE Ry
EIE R &SR ~ B R R ER T T ABE R
BUE - BB R R B HE ~ em RO VE R
i AEUE R By o R 4R T% > BITEATHSE 3t B 35 Ry 25
B W R 9 B ) IVERIsE B R 2 (BIE
AT 1T 1,000 m DAY 2 S50 1|3 il 2250 R ME el ) |8 28
1,000 m BL_E 2 JE[) 1 a2 ) -

(2) DA Ry IR IEAE RS A 200 R 55 i P (B IR
Gy Ry~ E& R - RELASEE T8 Ry MAE kR (%R
1) DURAFE BN EE R E R SR TR0 - 4Rkhs
1(ERIRZ/ N 2.0%) I ERIEEEZ/NA 250 m K S1E
I 2,250 m % 3,000 m 2 [ FRLUR AR 8
B B R SRS Ry 1(ERIE/ N 2.0%) HY&
HiEaNERE - EhtE - HRE - EOMS - e
W~ Sl - lEHHEREE - e EFREES
I, -

FHIA IS I 4a i B 25 - DRI A T i = e ) A 7 2
{THEIREUAE (random sampling) > SCEE (Dai and Lee, 2002;
Yesilnacar and Topcal, 2005) &% © EFEIEEEEBE » AR
FERRSRARSER 11 1 J7=CHUEE § M@ /K@ 2009 FEE4H]
VOREE A - ARERAES I 84,743 {1 - JEARIRAE ALY 160
HE - HHEHL 84,743 i - HNIRAIRAEIS IR (EEY
& R FAAIERRERARE SR 5.3% @yl G B a2 i Al
A7 - AWFFCLUETT 10 KBS - SRR 3 A4S SR
JEFFE Cox & Snell R2>0.15 K Nagelkerke R*>0.15(Hifg At
FbEE X AR ARERERE D) TR Z R R - A
FEEEER 10 PEMEUERGE SR - ST HREE AR ER -
IEARZEEL Cox & Snell R* {E Fz Nagelkerke R (B i 55y —4H By
TR (95 -

3. B BEAREARBEIBER S HE

ARBHFENE it 10 A SR A T # R = FR 1%~ Cox &
Snell R* &, Nagelkerke REE SR FHILLE 2009 FEL Ry
52 a6 JEFT PR F Al B4 T 2 Cox & Snell R® Jy 0.190 K¢
Nagelkerke R* F5 0.253 » WS (AT BEA i 4L A4 A 2 2 AT
it TR U B A B ARRERE T IR - AT
PA—f 77 2% 2009 47 S v e 1% i U B AR R B AT
il JTIE B B R A B3R 2 Rl 4 DUFRIS

R PSR EEA 2009 - SR v e\ & R EE U R A SR B BT A
A 2 2B R ERTE S B A% 3 R S -

&2 FAMERE 2009 FEI - REFAIBEEFTEEZEIL
ZEEGRRR AR BRI RS AR

Table 2 The coefficients in the logistic regression

model based on the landslide inventory after

2009 Typhoon Morakot in the Chishan water-

shed
ES e 28 58 28 158
=t -0.001 flic] 18.042 | FEo&fE* -0.305
s 0.015 [lisaln 17990 | pihseibs 20916

] 0.003 /g
SIEER 0408 | +/ERE 0 -
PC| ZREE 0779

AT -0212
BlE 20984
PEHbiERTE 1206

HE NEE 21311 | EREME 0304
it 18.290 Kl 0205 | [HZE  -0.989
ESul 18751 | H=Hig 0563 | ZHPEEE  -21.000
B 18721 | FliFig 2887 | HEELWME 0147
RS 18.545 e 2745 | ZECRES -21.024
53] 18231 | EffbUE 0220 | BEEKITEE  -0.360
fisEs] 18.092 | FEEHE* -1.057 HH 21,510

Wik« T ) TRz R LA B it

&3 FHAERIE 2009 FRIUCREARBERE I LARBERR
kiEEE 2 I Z B EN R AR AR N2

REE
Table 3 The coefficients in the logistic regression

model based on landslide ratio according to the
landslide inventory after 2009 Typhoon Mo-
rakot in the Chishan watershed

PR SR VY B FERR Sm JuEER] EE
1 21513
1132 0659 -0.893 1733 16954  0.086

2

3 1.255 0.864 -0.545 2.067 17237 0.519
4 - 0963 -0.155 - 17.476

5 1.700 - 0.741

6

1.950 1457 1.110  2.160

0.01 i

40
Km

4 TEUNZEKERE 2009 FEI R L FRIB 2B
ECERAES (E8) RokE (GE)

Fig.4 The landslide susceptibility map (left figure) and
landslide susceptibility classification map (right
figure) after 2009 Typhoon Morakot in the Chishan
watershed by using logistic regression
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FETRMIFR LA 2 51 b ARt Tei 2 A e S EE T
PafE sy - AEERRRES (P=0.75) » PEAREESS (05=
P<0.75) ~ PHAITESS (0.25=P<0.5) RfKFHER7ESS (P<0.25)
NP 0 A B VR B R s R R VR B IR B T TN AR A &
S, o PERSES RARARRESEE R T NS SRR,
AR S G AR 2 PIEAE P=0.5 - fEB(HI ERER
5B BFIERER BTNFR R (EERARERNZ
TR R FRSRAEAE 5 7 bh) RFAITRASRIERER ((EEIEIEAR

T120°30°E i T120°30°E

i)
=
Z

5 rEINZEKERE 2009 FRIUGTREEZFRBMG - 1
LRiBR Bk BEXNARES (£E) RAHKE
(BE)

Fig.5 The landslide susceptibility map (left figure) and

landslide susceptibility classification map (right

figure) based on landslide ratio after 2009 Typhoon

Morakot in the Chishan watershed by using logistic

regression
x4 EILZESEKER 2009 FEH 5 Re/E %% EE 108 R A5
BEE R

Table 4 The correct rate of logistic regression landslide
susceptibility model after 2009 Typhoon Mo-
rakot in the Chishan watershed

LLiRgEH D= DA Ricis s
RSB 0.40 0.34
TEHIFRSRIERER (%) 724 732
TEHFERFSRIERER (%) 64.3 733
YETFRER (%) 68.3 733
TRHIFRRSER (%) 27.6 26.8
TEHFERRERRE (%) 35.7 26.7
HESEERR (%) 317 26.7

&5 EIEEKERLL 2009 FREHaReE %< #iE T EERAR
BBBDEMETR
Table 5 The landslide susceptibility classification based
on 2009 Typhoon Morakot in Chishan and
Laonong Watersheds

DL

DU Ry s

FRE Ff () ELE 06 R () EAEL (0
AR, 435.0 53.1 3437 420
A, 96.2 11.8 240.1 294
RS 94.1 115 169.7 20.7
B 1929 23.6 64.7 79

SN 2 A R IEAR RS H rth) 2P U saseR
A BT R SRR (EEPE AR Z T Ry IR R4
EETEE) RIAFPERRREE AR (EEERIEfmEERA 2 H
ARERSRAERE E D) 279 RIBUNRSEKIEASE 2009 4
FRsCRe R\ AR R i PR R AR L Z BR A0k 4 B 1T
MRIRTEN . FRSRTESSERE T R 2 BIR R 5 AR - AR 4
Bt SR © [FIBELL 2009 S5 e e R IR B AR 43 AT i v
sV AR SR AT AT Ry DU R (i i 5
FAERIERER (73.3%) £ ZRIUBRLL—RRITUERE Z 8T
HigR (68.3%) > HERARKE TR SR IEMER H— i =R
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Fig.6 The landslide ratio and weighted values of con-

tinuous variable, including elevation (Fig. a), slope
(Fig. b), rainfall (Fig. c) and bank erosion (Fig. d), in
the logistic regression landslide susceptibility
model
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