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The Application of Logistic Regression for Landslide
Susceptibility Analysis-A Case Study in Alishan Area

Jung-Tai Lee!” Chia-Chi Chang” Hsun-Chuam Chan'?’* Pei-Yu Laio™
Yu-Jou Hung'®!

ABSTRACT
terrain, geology, and hydrology. The analysis tries to find a suitable combination of these factors in
order to establish a landslide susceptibility model and calculate the susceptibility value. A potential
landslide map can be established by using the calculated the susceptibility value of landslide. This
study took Alishan area as an example and aimed to assess landslide susceptibility analysis by Lo-
gistic regression, a multivariate analysis method. In order to select the factors efficiently, the calibra-
tion and selection procedure were performed. The results were verified by a previous typhoon event.
The classification error matrix was used to evaluate the accuracy of landslide predicted by the present
model. Finally, this study applied 10-, 25-, 50-, and 100-year return periods precipitation to estimate
the susceptibility values for the study area. The landslide susceptibilities were separated into four lev-
els, including high, medium-high, medium, and low, to delineate the map of potential landslide.

Key Words : Landslide susceptibility, logistic regression, map of potential landslide.

Landslide susceptibility analysis usually combines several factors, including the

j[l[

_‘ﬁﬁ

W4 e - BILIAB RIS R RIE T R RVE - 04

167

I
ﬁzj

LR B RN o T o e e S BB RE H 1 L 3
¥~ B8 RAKSCER T SRR —4HRE MR L AR HY

R LR VB ERIE] - BT FELLIER VB IR AR o3 Ry iE(H
TERBURATERIROE » EE AR U F Y R IR S 5
TIMTITE R FERE > B 1A P I R R A et RE B EE R

(1) TR ARAE]
Sinotech Engineering Consultants, LTD.

(2) B PEAEK ;R 2

Department of Soil and Water Conservation, National Chung Hsing University, Taichung, Taiwan.

* Corresponding Author. E-mail : hcchan@nchu.edu.tw



168 AR SR - BEA - BIRGT - RIS ¢ ME AR S R A T B L L SR

YL i (Jibson and Keefer, 1993; Montgomery
and Dietrich, 1994; Jibson et al., 2000; Iverson, 2000;
Claessens et al., 2007) » E{EEAEREEABHERSE - H
ERET BB AL - 1B FE A AR MY
RERMSETZEE ST AT (FHEEILAE
FRAT TR TR ERERE - R AR PRI — S R Ay L
BA5Tffi (Mark and Ellen, 1995; Guzzetti et al., 1999,
2005; van Westen et al., 2006) » {H& 78 HFith = £H5H]
HYLLIAR E 3% RIEEAE(E ] _EH RS2 R o FRE875 80 o
WESRERLFHE T - BB ZIL—E 1T
WA BB L HE% (event-based landslide
inventory) ~ J#{F[A ¥ (landslide causative factor) & {£ff
A7 (landslide triggering factor) FELRiE » HH4EETTT
RIS - IS BT AN Ry B R L AR
B 57 HT (event-based landslide susceptibility analysis,
EB-LSA ; Lee et al., 2008a, 2008b) °

B LE AN BT B R AR VB R T SRR T
*o HE D HEEGETPRVHR 3 ATE (discriminant
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BILZBERT (0 55 - S8 8 R KR S
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VEREY > Atkinson and Massari (1998) 5 5 GE & 1
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AT B E U B E R EE - F S

(Logistic
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Fig.1 The study area
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RS R TR AL Z o] B LR Bk R ER > AT
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S AR e S PR 3 L L i A R 155
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= -MERE

1. BHELEER D

RS AT ERfEAY (logistic regression model) A%t
SR PR R — RS (Feinberg, 19855 Agresti,
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AL AREEIELLARRYA R - IR GE 2 e
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ISR ) — B TS PR
WER R — 2V B EEBATRET  HEG BRI i

* 1 TP ERIES ST

ol o5 W BIGR AR o BRS04 (logistic distribution)
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1
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=a+ Zﬂkxki 3)

%2 TP LT R

Table 1 Classification of elevation distribution Table 2 Classification of slope distribution in the
in the study area study area
=iE (AR i (A WEE) A HF(AE)
0-500 813.13 —H S<5% 78.57
500-1000 7230.98 e 5%<S<15% 531.37
1000-1500 8680.11 e 15%<S<30% 2189.26
1500-2000 5281.1 Uterd 30%<S<40% 7756.33
2000-2500 3304.16 TR 40%<S<55% 7706.12
2500-2658.8 64.76 TNER 55%<S<100% 5994.76
YA 2537422 E 100%<S 1117.82
N il 7]
y e - FeRiE - WHEEE - BE b VB~ HE
@ e e || e oo
B - [ | wﬁ)fiﬁ > anE Il verasaE I weREsEE - BE

0 g i g 26,700
Meters

=N N

0 4,450 8,900 17,800 26,700
Meters

B2 TPEALLGE
Fig.2 The distribution of slope in the study area
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Fig.3 The distribution of geology in the study area
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AEH R HARS ERER ~ (AR [ A& IEMER IR LIAR
A AEIEHER  FIHS S EERRETE R R E
TEMERT] A B A 75 R ER Y TRORERENE -

AT ST F 26 88 & 03 i R Y e o5 BT B EE T T 00
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Table 3 The classification results based on
confusion matrix using logistic regres-

sion in the study area
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Table 4 Classification of aspect in the study area
3] SRR
S -1

it 337.5~22.5
Rt 22.5~67.5
wH 67.5~112.5
B 112.5~157.5
[ 157.5~202.5
i) 202.5~2475
[iif] 247.5~292.5
7ait 292.5~337.5

* 5 TP EREH EFITA

Table 5 Classification of geology in the study
area
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Fig.4 The distribution of aspect in the study area
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Fig.6 Distribution of Total rainfall of Typhoon
Morakot and landslide in the study area

.S4

b 7]
W$E o Mkl ——— FISILARHSRES [ | R
4]

0 6,250 12,500 25,000

,500
Meters

(i3]

——+ F R LaEsknEs [ | 66.4212~70mmmr [T 80-ssmmvhr [ 95~100mmm [ 110-115movme
[ stz [ ] 70-75mmme [ 85~90mmhe [N 100-105mmnr [ 115-118.11mmme
[ ] weiam [ 7s-sommtr [ 90-95monr [ 105~110mmme

0 , 30,000
Meters

BS TIREVENTEICELSAE
Fig.5 The distribution of rain-gauge station in the
study area
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tensity of Typhoon Morakot and landslide in
the study area
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Table 6 The coefficient of factor of landslide
susceptibility analysis
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Ly ERE W; 0911
L, TERILLE W, -

Ls EEE W 0.319
D, ik Ws 0.511
D, Euln W, -0.283
D; B W -0.534
D, ] Wo -1.536
Ds 3] Wio -1.494
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Table 7 The accuracy of landslide susceptibility

model
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Fig.8 Compared predicted landslide with actual
landslide by logistic regression model
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Table 8 The average of rainfall and 3-days rain-

fall in the study area

AN | SERAEION | SERUERSIE | SRRSO | SIRIEIOOE

1hr 1094 144.7 173.7 206
72hr 949 12189 1426.1 1628.6
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Fig.9 10-year return periods precipitation of the
map of potential landslide
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Fig.11 50-year return periods precipitation of the
map of potential landslide

B

o WBEER - SR [ FREE N
- B RARERES [ ORSYE . ERSE w@.i
0 2,750 5,500 11,000 16,500 22,000
[ s O eeeeessss—— ECES S

B10 4= 25 77 IHESH|B
Fig.10 25-year return periods precipitation of the
map of potential landslide

]

o MBS - EESE ) FREE N
- P L LIREARSRES [ OBS5E W RRE w%%lt
0 2,750 5,500 11,000 16,500 22,000
[ o w O eeeessss—— ECES S

B12 4=E 100 £ 7 BEERB
Fig.12 100-year return periods precipitation of
the map of potential landslide



K (R 43(2), 2012 17

Shoyfff I T AR B B LR MR B 4R 2 T TR &
& SyiiE 9 FIE 12 B)A > SRR 10 2 m AT
LA 2 PEIEES SRS 2N 23~40
HERIRAL% 8 AHEEA = ARHR ; JARE 25 F
RSBSOS R DASEES 34~40 N E AR F 4 5~8 A H
4 = HR IR VE B SR 50 E Y S ERIEVE S R
TS 34~40 NERIRALR 5~8 NHE » HwEHEE
HERHIEES © SERE 100 2 fREBREET - =
AR VB A& B A 1 % &S R AL U7 7 Bh H 52 2 [E 1
Ko ETIEEREIR A R4  S#RE 34~40 AHE (S
RS -

t-B #&

AWFESE R ARSI T REH B AL - DUE T ~ B
BiE ~ W AHRERE ~ SRR B EER T &
TLEE TR A T L ARV R AT - RIB R 98 £F
8 FHYERI OB AR Ok S p s A UBieE T0E > AR
A [FI SRR 2 AR IR - LR VR BA(E] - AT
FLE A AT ERAN DL T S -

Lo ) R oy L it L 4 e S 1 o A B
A FEEEIARH AR R K 78.5% » JELLIAR
SHIEREARAN By 72.5% > 4RBG VI 75.5% @ BUR
AWTFUER 2B ~ B~ e - SRR R
WPl SR SR A S BT T e R B PR e 3 A B
REEE R 4T -

2. 1025~ 50 k. 100 SEEE IR FERA % 2 LLARE
JEREANE 9-12 o > FEARE (R A DT IE R JL 8P
JLER - PRI S e R L FEUHI AR SR o> M 20 e 8
FRAERTE RIS 2 LB R EES - EZ RN Kfe
AN PR A E - B RS R M8
AR 1 /NIRF R 72 /NRs Z st DR - M PASERE 5
EFTELEZ RS RNERNT « RERARE
fusTRe PR B i K 2B R R E A
T Hef R R B R 4R PR B AT 6~ [ 7 Foms
ELdE 6 - [& 7 - [& 8 W LASHI - B PR & oy 1R B TH
SRR Z B R - ERALP e R 3G
0~ BRALHED -

3. BLRrvERERFE R 2 LA 2 BOE I EE AR AT
SERTAM Z#EERN - r btz I6ED - AL
BB 1 4R 2 AR AR AR R - (BT
A DE G ETRETERAINE » WAL &P
HRE/DEL S ED 2 FtRlE (TTIRARCEE A Bl B

LLFZEFRT) - HEfb P RENI S r BBk = &
1 EREHEINZ FI R YL - HETT M SIAHE(G 22
FIZ MR - USRI R B2 3R7E - R
BB RAE A AEREE: -

FEHI B 10 ~ 25 ~ 50 K2 100 SR EFSHRR B3 4E
BT » 4B Rl fe B L & AR AR B R - 1550
Vi S FRAIEEAYSE AN - FEOIAY & AR SR VB B R T A
ATERHIESS - EHE 10 £ S EsE L
o FE IS ILED ~ PHALHED - ARERAE 25~ 50~ 100
B2 5 AR S VB A T [ & I AR LB 5 R
Bl REELAATEE R o] F TR S B TAE -

ZENRK

SRR (2002) - ARSI I L S N RS
e 7 FIBAT Ry B ENAT A MR R MR 9 L 0 BT
R IR £ AR TR ST AT 5w =L » (Wu, P.H.
(2002). Study on the Slope Failure and Thermo
Characteristics Along the Ali-San Highway After
Chi-Chi Earthquake, Master thesis, National Cheng
Kung University, Taiwan, ROC. (in Chinese))

)~ FER (2003) » T Logistic EIERRRL — 75
ERIEM ) HEEE LR AIRAE > 3338
H - (Wang, J.C., and Guo, C.G. (2003). Logistic

Regression Models: Method and Application,
Wu-nan culture enterprise. (in Chinese))

MEEE (2004) R PRI B LN R A B
IS 2 BT > BRI RE AR
FERFZEFTRE L3R 3L  (Tseng, C.H. (2004). The in-
fluence of rainfall characteristics on slope failure
mode of Alishan Highway. Master thesis, National
Cheng Kung University, Taiwan, ROC. (in Chinese))
TR (2005) - i AR AR ER A T LA
B r-LAE B B B R, BT
B2 AV I SE FTiE5m 5L » (Chang, P.C. (2005).
Using Logistic Regression to Assess Landslide Sus-
ceptibility —A Case Study in Kouhsing Area, Central
Taiwan, Master thesis, National Central University,
Taiwan, ROC. (in Chinese))

BRESSES ~ B (2005) > T HEF Logist Alfag L
ARt B R - DU KRR A B, - K- IRFFERSR
36(2):191-206 (Chen, S.C., and Ferng, J.W. (2005).

“The Application of Logistic Regression for Land-
slide Susceptibility Mapping in the Jhuoshuei River



176

10.

11.

12.

13.

g - R - B - BIGT

Basin.” Journal of Chinese Soil and Water Conser-
vation, 36(2), 191-206. (in Chinese))

KOREL L E AR (2007) 0 T By Kt |
T KENE R BB R R ESS | [T

- KB A KL LR e o A VB,
BAGEECa
MOEA. (2007). “Geological Investigation, Landslide
-Debris Flow Investigation and Their Susceptibility

o (Central Geological Survey,

Evalution.” (in Chinese))

ZZHHFE (2008) 0 T DAREPRARFIENTFT R E LA B
WRRTEE S | > BRI A2 AR TRENZE
FAERE S BERE 136 - (Tsai, M.J. (2008). 4 Study

on Slope Failure Forewarning Management of
Alishan Highway by Rainfall Character, Master the-
sis, National Cheng Kung University, Taiwan, ROC.

(in Chinese))
PR BT IR MERED - TR 0 TR
BIS (2008) > TAPIKESEKEA AR S 4R

V&R AT 5 ° (L, S.T., Feng, L.Y., Li, J.F., Lin, M.L.,
Dung, J.J., and Chang, C.W. (2008). “Landslide and
Debris flow susceptibility analysis—A case study in
Shihmen Reservoir Watershed.” (in Chinese))

SO St B SR AT (2009) 0 T HUET SRR S
FVES A LR & & R Gt L ARV B S
(3/4) ; ° (Central Geological Survey, MOEA. (2009).
“Landslide Susceptibility Zonation in Slopeland of
Urban Area (3/4).” (in Chinese))

Atkinson, P.M., and Massari, R. (1998). “Mapping
susceptibility to landsliding in the central Apennines,
Italy.” and Geosciences, 24, (4),
373-385.

Claessens, L., Knapen, A., Kitutu, M.G., Poesen, J.,
and Deckers, J.A. (2007). “Modelling landslide haz-

ard, soil redistribution and sediment yield of land-

Computers

slides on the Ugandan footslopes of Mount Elgon.”
Geomorphology, 90, 23-35.

Guzzetti, F., Carrara, A., Cardinali, M., and Reich-
enbach, P. (1999). “Landslide hazard evaluation: a
review of current techniques and their application in
a multi-scale study, Central Italy.” Geomorphology,
31,181-216.

Gregory, C., and Davis John, C. (2003). “Using mul-
tiple logistic regression and GIS technology to pre-
dict landslide hazard in northeast Kansas.” Journal
of Engineering Geology. Volume 69, No. 8, 331-343,
2003.

R ¢ R R A

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

AEA T B L L A R T

Guzzetti, F., Reichenbach, P., Cardinali, M., Galli,
M., and Ardizzone, F. (2005). “Probabilistic land-
slide hazard assessment at the basin scale.” Geo-
morphology, 72, 272-299.

Iverson, R.M. (2000). “Landslide triggering by rain
infiltration.” Water Resour. Res., 36, 1897-1910.
Jibson, R.W., Keefer, D.K. (1993). “Analysis of the
seismic origin of landslides: examples from the New
Madrid seismic zone.” Geological Society of Ameri-
ca Bulletin, 105(4), 521-536.

Jibson, R.W., Harp, E.L., Michael, J.A. (2000). “A
method for producing digital probabilistic seismic
landslide hazard maps.”
271-289.

Lee, C.T., Huang, C.C., Lee, J.F., Pan, K.L., Lin,
M.L., and Dong, J.J. (2008a). “Statistical Approach
to Earthquake-Induced Landslide Susceptibility.”
Engineering Geology, 100(1-2), 43-58.

Lee, C.T., Huang, C.C., Lee, J.F., Pan, K.L., Lin,
M.L., and Dong, J.J. (2008b). “Statistical approach
to storm event-induced landslide susceptibility.”

Engineering Geology, 58,

Natural Hazard and Earth System Sciences, 8,
941-960.

Mark, R.K., and Ellen, S.D. (1995). “Statistical and
simulation models for mapping debris-flow hazard.”
Geographical Information Systems in Assessing
Natural Hazards, 93-106.

Montgomery, D.R., and Dietrich, W.E. (1994). “A
physical-based model for the topographic control on
shallow landsliding.” Water Resour. Res., 30, 4,
1153-1171.

Van Westen, C.J., Van Asch, T.W.J., and Soeters, R.
(2006). “Landslide hazard and risk zonation — why is
it still so difficult?” Bulletin of Engineering Geology
and Environment, 65, 167-184

Wilson, J.P., and Gallant, J.C. (2000). “Terrain anal-
ysis: Principles and applications.” New York , Wiley,
87-131.

2011 E11 5238 Wis
201201 H02H {81
2012028 08 8 D

(A BARGTRE 2012 £ 12 H 31 H)



