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Susceptibility Analysis for Landslide Dam Development -
the Chi-Shan River Catchment as an Example

Student : Chun-Ting Lin Advisor : Dr. Jyh-Jong Liao

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

In Taiwan, earthquakes or rainfalls caused many natural dam lakes. If these
dams break, the debris will flow to downstream and become terrible disasters.
Susceptibility analysis for landslide dam formation may be helpful for the
disaster prevention. This study.aims to improve the susceptibility model of
landslide dam formation ‘proposed by Cheng(2013). The improvements
include the increase of the DTM resolution from 30x30m to 5x5m, the
change of landslide types. based on the real environment, and the
modification of the location of landslide dam caused by rock/debris falls.

Based on the proposed modified susceptibility model, the susceptibility of
landslide dam development and its map along the Chi-Shan river were
presented. Compared with the Cheng’s(2013) results, the proposed modified

model Effectively enhance the susceptibility analysis and mapping.

Keywords: landslide dam, landslide dam inventory, susceptibility analysis

for landslide dam development, logistic regression
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o B4 ] - Ohlmacher & Davis(2003):i£ 7 % R 3 FE27 & A 3+ ¥ ey

FI* g ane s re G M LS WD L # 4 @ -Dong

B 0L R AR R 2 SRR R FR L E 1

%3_ ‘\A o

37



BREA(2013) M B BIE B A VB FREPSBREIL B R
TR ORI R SR R ) SRR A 47 B /S 2 80.6% > ROC
W s 2 AUC % 08930 471 R #7i JF 03T § 22FR] 2 8 B oL &
CEREIE F3 S0 R
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ArcMap ~ ArcGlobe ~ ArcToolbox §= ModelBuilder % % i* fi-%e # 48 -
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R FERARE > A 74 ArcToolbox 2 ArcHydro 4t »
ArcMap & {7 7 BF B g2 e s 47 0 1 2 S e A 1THTR 25k E W
A F)F 2 g WREPYSFLR(R 322 B 3-3)

1R H 32 AL A ERE AL L HEREP RO LT T
FRL(Shp)ie » ¥ T8 3530 % 55s e ¥ A5 003 (DTM)ie (7 3 A & 14
F1#* ArcHydro ¥ ArcToolbox s it & (T AP RiEE » T+ 7 F)3% 3

) EAp B TG (F] 5 & 2 AR 2 0 BN 1) -
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X0Q|0012JY 1§ OIPAHIY
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BEE
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ArcHydro 3 £ W ESRI > @ #rB 2 k2 @5 % > ¥ d ArcGIS
FTHRLE LK ArcHydro 4 & 3 -k~ @ E # 0 2 4p3 @ 5K
TR ET R o AT B ArcHydro k2R H i H P 2 - o
Flow Path Trancing » & Pe#icid &+ A& 5 I H Ap B 715 o

@ ArcToolbox = ArcGIS 2. & 2 e gi#d » 5 — k7 e 3 F
~ 17 % fd2(geoprocessing) e o F U ATHE ~ Fr (T {oshiR A B R 7
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AR B

Bl 3-3 T g Wik PR EF R D Ay A I R
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T AT LR s R P S BB A 0 14 ArcToolbox i 55 (join)#% st

e HER AP ST TR SRR P B W
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BT e o GBF TG el WK S
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N I 2, 2 b
L2 gk L

"(oic) -0 @

R 34 FEESABFEY CF s FEEDR2 T E
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ECHEEENHFSPDICY=1; 3 EEDEFELECE T304
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P(C:)  0.7+18
PR iSF R E D ECEBF L RDIC)=0 -
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TFEERR

%@@%//fi4§ﬁf
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PO E 2 248 S 2 A > Korup(2005)# 1 2 ¥ e 9 R 18 $ T

P(OUT) =P(H) x P<B|H>>< P<O| B)x P<D|O> (3-2)
Downstream On-Site Upstream
Catastrophic Flooding Direct Physical Impact Backwater Inundation
Aggradation and Avulsion (Obliteration of Valley Floor) Aggradation and Avulsion
Increased Flooding Lake-induced Hillslope Instability Displacement Waves
Frequency

Mountain
Range Front

Probabilities
H = Landslide
{ P(BIH) B = Stream Blockage
O = QOutburst Flood
P(OIB) D = Flood Impact
i

B 3-5 i VR R AR E P T 2R e (Korup, 2005)

(327 - POUN f4mapms TRy Fx  PH 2 L83
4enfi 5 P(BIH) e g3 4 L M i 2 Tk 9 A, 2 s 5 P(O|B)
SRS GE X RFER LS PD|0) £ 7 % AR 6%

SRS EE R
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BEAZENH]

Bl 3-6 LT F i 0 Ak (H)EmE P F(B)2 M % BlH

B A AAFAPLTTERAZE A F2 L d2 g
P(H) (] 36 ¢ iF5¢ ) A2 522 % % P(B) (B 3-6 ¥ =4 F);

Ppf s LR B3R g ¥ 2 S PHNB)(W 36 ¢ 24 4

NES

RFEE) o 54 F & 2.1 #rscif o " Prag 2 B A58 20 L s AR R 2
ﬁ%ﬁww&g,ﬁip;iﬁ%ﬂwﬁ¢ﬁﬂ%%5$ﬁ§ﬁi$

GI( 36 % %4 Fos) 4 JRARAR B 4L M1 I SR P e
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LPHNB) <2 % 2t 4 4 Je g wa,2 2 % % P(B) -
PR T 0 MY 2 T 5 BE A i A 40 3 R

X

MHmm,ﬁﬁ

B e A niE R T SRR P 2 85 P(BH) = pH)

FHMS ¢ el HFE LI BFPH) » S FApf @ HFT L FEH
A # s g s g 2 PHNB) - d 47 § “idt fo2. P(B|H) 2 P(H) 4p %

2. 5 % P(HNB) T &4 57 § “H R 0% 397, % 2 5 P(B) -
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33RFfrm Eﬁ’* i

et F b RF 21w j7(Logistic Regression) 5 i fR g %] 3] i % dic
(Categorical Dependent Variable):& = ¥¢ ip| g 1 4214 3% WAl BE AT
i §F -4 (Logistic Regression Model) & $f#csif+ #-3] ¢ eh— f8 #7587
;¢ (Feinberg, 1985 ; Agresti, 2002) » # & #3¥'mfy it A7 7 2 H# B £ 27
@R R REL M) SRR P S (el & 32971t 2 P(BH)) s 2

L RFIE A A St h

3.3.1 35{’!“3‘_535? 3
Spkie fFHCA) (Linear Regression Model ) & it j7 = 425% 14 18

% -] T = ;% (Ordinary Least Square)¥t- & & % & p % #(Independent
Variable){- & % #c(Dependent, Variable)2 & B % i& 7 22 HiC i jF & 47
FEeFr3-oBpR¥EFLIHIEALE &Ts (Simple Linear Regression)
A AZiE - B A FEPF 5 7~ hF(Multiple Linear Regression)

REAESEN R Vel o me IR RN e S i SR R
(e p A EFRER] - 2003) -

Bk B PR AT T REXEX XK X Xy & R

Y=Yi Yo, YooYy 0 B ERA G S B oA Rk
Yi=B+BX & (3-3)
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B3 YA I BRERRE X LY I BRE R S
Prs @ Rl e & LR o B S(33)F - MR AT
T REX=X, X X X BB Y =Y, Y, VY, 0 S B A I en T
BT ELS O AT ES

E(Y:) =5 + B (3-4)
Y SE AR & S ea R R LAY

5% (Simple Linear Regression Equation) °

NCIERIEYARNGERE FEE S S TN
(Estimated Regression Equation) ® eaffiA 5ozt B by 2 b v g T2 52

B2

=Dy +byX; (3-5)
H yI  RREY BRP BT e e 3g R @& (Fitted Value) >

by 2 fdc focnp it maER e b i 2l Sreng it @ AFER E o

AT hp BEX AR ED DY Bk

A

BE Y o ® RS- B B L 2T = {o(Sum Square Error,

SSE) % B ] #iE > # 5 & | L > ;£ (Least Squares Method) & 4 i & ] T

= ;% (Ordinary Least Squares Method, OLS) >

Q= Z(yi - )A/i)2 = Z(yi ~Dy _blxi)2 (3-6)
i=1 i=1
oQ 0Q
; m > snEr——=Uuv —:O ’
St "o, o, M
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_ Y XY =Dy X D Vi

S — : (3-7)
nZizlxiz - (Zizl Yi )2
=y-bx (3-8)
He 0 X2 g5 p S8R BEEL TIOE

?%—\(35)6,){% 35: ‘mellg\xﬂﬁgl‘,w}\ﬁl,%g‘:,ﬁ:ﬁ(%

AR AR B T K L p BEX s V=l s P =0

E(9:[%)=by +byx, (3-9)
FAEREY, T € E 1800 &

E(9:|%)=P(¥; =1 x) (3-10)
TR S 0 BIR R S 200 S T L s 03] (Linear

Probability Model, LPM)> H % & & & 5 p R X F 34— BE =g @
@ s AR 8 4= B B 2B (Kmenta, 1986 ; Long,1997) -

SR B 0 el T 4

P(Y, =1)%) = by + b, (3-11)
e o E

P, =0|x) =1—(b, +byx) (3-12)
BEFFCHIRIEZ AL EE

% 9i=0p*

e =Y, — (b +byX) =0y —byX; (3-13)
3 Vi =1pF

e =i —(by +bx;) =1-by —byx; (3-14)

L FR(e) 2 AL R S B
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¥ Y=

F(e)=f, (3-15)
i 9 -
Fle)=1-1, (3-16)
Rl 22 W H E 5
E(e;) = fi (-0 — b)) + (1 - f)A-by —byx;) =0 (3-17)
oy
=1—(b, +bx) (3-18)

HRTEAALZREEL
Var(e;) = f;(—by —byx;)* + (1— f,)1—b, —byx;)?
= (L by —byx ) (=by —byX)*+ (by +byx; ) L — by —byx;)° (3-19)
= (b +byx) Ay — b)) =P(¥; =1|x;)xP(9; =0| ;)

1995 8 (3-19) 7 5 M £ en B \Var(e) & i 48 R g
MoALER R ERS T LT P REX R
g P e Rt P > L5 % B #ceh B 14 (Heteroscedasticity) o

TR AU AS A R eI R B = @R RE(Z A B
£ | > 2003) :

Ld AP adlr? A LR i Sk Ea% R #ok

g BB a TR BERE T ‘l’Kz}\_ﬂi 5L ©
2. HE P REXEES SR EoBFE(Y) TR 42001 19

W B oo
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Flifehi Fo A Laa TRH X AaE s d

(%
5
N

ey 22 by L e
A2 oathie AR B op P2 Rk R R R
Pz B2 i 5 % > &4 e & (Exact Linear Combination)
2.7 p RETAL 2ZFARI DI A E B P NP
(Non-autocorrelation) -

3. A & & 4t Bk (Homoscedasticity) ¢ # 5 £ o — 4 -

i

4. % % 5 A EHCAE S & & s (Multicollinearnality) «
5. BRI R W R Al T2 A AR L

BERF A fee oo

P Pt AL FRIBREP DA R 7 A8 g ]
PR P BRI S EA L T E R P
$L%$@1ﬁ{ﬁ@ﬁ@ﬁ&ﬁgﬁ,ipiﬁgﬁiﬁﬁﬁiﬁ

LES Rt SR RS T hr ] REERLSEE N

)

%l 5{%(?3’1 ~ Z_ t&—' % E'P;A,\ﬂ}:fr"s X o
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332 R# i fFucdl

AvEE RS F AT B FYA(C gl

?,h‘i

Cox(1970)it s Rk #7ie [F 2 B H AL 5 3 @ * cnddic s A FT § 4k

M RE A pEE s - B DR (i) e et ¥ RIERIE %

\“5

Bt - S gl

Ted At Al G - AR REE 5 ) R S itk
Bl HEs 03 12 FF o §0310 5 S A5k S g%
BB AT A AR o

3~ 3 K (2003) kit ] H B Ari fFHCL a8 B B AT

BRI b hnd Ry, AR T e TR B @
B 5 -0 3 oo § R HNE BHRRRR L (B hoc=0) ¥ 2T § 3 4 -
aY AR FRRENORRE VSl AT gt o =0T e

FA O EE L Sk $lcE X B RSEY p Sl B LR

Vi =By +BX +é& (3-20)

N(3-20)° y e gy, =l Fy <cEEEAFAY =
Bz P i i GF G Aendfic 85 "EEALE -

srrryp=la gl s

P(y; =1)%)=P(B, + BiX +& >0[x)

=P(&; >~fy— Bx|%) (3-21)
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Bk (321)° cE LI & L R EMATALEFHLAE > d W R
EAAELF B REAEE 0 50 B B R S Y2
# 4 # do#cd s (Cumulative Distribution Function) » /F 3% %5 — B %k
R R BELE 0 TR g E20)7 2 B vk

ol
P<5i >, = BX ‘Xi>: P<8i < B+ B ‘Xi>
=F(B, + B,x;)

;?\“ (3‘22) d F ;‘% (9i E’i”f‘ﬁl f% A \ﬁ:lg{ ° /F;}\ f% A :l-yﬁi:rf’!z]j;\ B&/_’L%" ;\]

(3-22)

(B-21)" e AT L B K& F B ELHA T > T @I RE A FH

il

A HA T2 R B e =n 3~329 0 E Bk & LEEF AT
7| Probit #-3](Long, 1997) » $#-£ 78 2 % R dice; =1 o &5 B g fFH0
AT REAFEAF SfcF £ 5 - By HEDD 4T

P(y; =1/x) = P(& < Sy + %) :1+i_‘9

(3-23)
NEFOLES S FTET TSI VSRR FT SR

3-7> H¥ HAI&NER 5 —0l 4000
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1R H 3-7 2 54(3-23) » § &4BIT W voofF > R F AT IBE S 1

P(y; 1) = o =1 (3-24)
1
<'_1‘ > 1+e(—oo) (3'25)

P50 (322) B BT FOR Rk Ml RO 00 50

Py, =1f) = —

1+e7%

Z=Pfy+ B (3-27)

ZZRFTEFIPFTF nmpbae Fo A2t g it

(3-26)

@EF R G R RORA L EREEG A fre H P [ f T A
g0 X G fe it o AR o g o

FH-3N(3-26) Bk G AFT AT B2 Arw gz L# 18 A N ik R W i
4% Py, =1x)=P > £ ¢ P,T}{avl Bl # {828 3 P & 6|3 4
s o B p REX S b S ie(non-linear function) - H 3% %
WA g 2 e i R e T

Lo o §8 25 3% B P eiE s 4

1 eﬂo+ﬂ1xi
Pi - 1_|_ e_(ﬂo+ﬂ1xi) - 1+ eﬂo+ﬂ1xi (3-28)
o B 1S A A R B R A s S G
Lo+ BX
e 0 1N 1
1-hR=1- [1 + P Bx ] T 14 ehhx (3-29)
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7 (3-28) 27 4 (3-29) sz s S e ¥ 4k Bk A L ST S
ERELHBV AR EP B RN Ao @ L g

(the Odds of Experiencing an Event) :
R e
1-P

FlaE I RES L 12 02 frugFd - i1

(3-30)

N

~

S R S-Sl Nk kSt SR TR R e A o

P
|n(1 P] Bo + BiX (3-31)
74(3-31) & % & #7538 (Logist Form) > 7 B 1% logist(y) o % & 273\ i 3%
o H-g 3 7 T AR s RO Sl

A AP g 2 R B B (328)T B S

ﬁo +iﬂkxki
e i=1

P = k 3-32
ﬁ0+§ﬂkxkl ( )

l1+e

7 (3-32) R = Py =1k X Xy X) 7 5 Tk FI(KR)
X, Xoj, Xgjro X PEENTE 28 4 i 2 4% o

HAp el 25t 5

P k
o ] (3-33)
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74 (3-31)2 logist(y)er p % # X F M > @3 5 —00F +o0 > §HF 2
LR 0pF o logist(y) s f B2 G4Eax kA ;¢34 00 j8 134
I +oofF o logist(y) 5 &+ B P EAR kAR L > B F L EAREW S ER
R AT T e o ALY B REHPTL S A AR 2 B
HEd AH AP R PR LSRR EP WS o A

ey v R EATR R RS X2 BREG A o

Lostlbie Fer R Ry 2 p FR X2 B LR G » BE e
B Y & p R 2 B RCRAUE R (o RN LA B
B L S SR R

2. Stk fEHCA g Y KRR ERY, s ¥ st o R E e
Al o BREOREEY 5 - AT o

3. RN Y ki Ep: B o L AT R

Rk SRR P S - gk R R AE e g s R

1LHBERELE kAR EA o
2. T RBY 5 kB P %R BXy, Xoj, Xgj o Xy 5730 e
3. B A7ik jF 2 ML FERAR 3§ S £ Ui (Multicollinearity)

SR R BB ME S AL AN EREEFLE
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N3

o B A GO e BERCT) L Rk AP R 2 R

Y

L RddreFap Ry » - ~ 43 %8k 7308

A% e 47 ) ) % e BB 5 % #ic(Dummy Variable) & v 12 @

3

P eREATRERAY L P FERD RELF LI AN A

# (Multinomalty) ; fe £ 245 Tabachnick % Fidell(1996)35 !

S
o
AN

hud

A pEicAl Y o p Rk 3 2 d AW 73 4
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¢

PR et s wo B KRR R o

oA R Y BB RE AL B R (R A )

“—-.H

|
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o

Bk ftiw (27 T L (R GE ¢

S

REE o BE AT AR AT WA A SR
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BAREPVSELRMERD 2
ARy HL M SRR SR (I F)E P L TR 4 91(2009) 2
B 2 (2012) 7= X el MR (B )R L EFRE PN ER (18

) ARG COR LGRS Y S RIT I AT R 0 HE SRR

i

SR SR S S-SRV % 3 IR A I LN T A R
WL MES R 2 2 AFREPSESERE LA ESRPMEY
BEB AR AT Y 22 mbit e T
341 A HE=
¥oaope B3 A 97(2009) %% &+ F1(Carrara 0 1983)2 WL B EER A 47
FEL o A H H < (slopeunit) iF 5 LR 72 A AH R o
FI3h 0 L B T B r(2000) 4 B H 2 BB~ KB EE ok Lin
2 F R MR B RS E N H RSB BRI AR
FEESR T A B BoE e R RN a A5 E
Pl R EERAE AT o
Ra RHE AT A A E
1072 45 %62 & ¢k % 1 2-(Slope Break) 4 21413 2 %] ¥ =
(Giles & Franklin, 1998) - 4=®] 3-8 % G » F £ - #id
oA s A5 2 % #7306 s (Downslope Profile) » 13- & 3]

m % ghangl & 15 & (Slope Gradient) » Breaks of Slope # 7+ = #
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R RZEM  §HRPFRE A 01 & 2-01 Fras s %
# 2(SlopeBreak) e 3% 2. » F &= 52 m e AR VB2 A
0.1~-0.1 z A (& 3-8 ® # & ﬁ&ﬁ'ﬁ)ﬁ}a U g L f] 3-8 ¢
£ 2 BRESE(RI L) BABES e ~ 35 AB-Co

Dr BAMHE ~

1950 | —e— Downslope Profile
E —a— Breaks of Slope
g 1900 |
_Q
£
o
&l

B 3-8 Al % m 2 ¥u 27 & Bl(Giles & Franklin, 1998)

2. A AR P RAY L TR R IR A RIAE LA
Wa— BARE A S 2 FAAEY L # T g (Carrara
et al., 1991; Xie et al., 2004 ) o 4@ 3-9 #7577 » M- %P E Kk ®
Shl - BPE LS RAE (2 FREERS RE)IA BA

HH <o
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Bl 39— %P bokw s bl A E A7 A B(f % 0 2011)

CRNE RS L TaEF R S SR RS I

u

|

{
|

Befb (i & p ff 3# 2t > 2010) -
Lgk%eEdi
DR VA TR RE AT T RBER B EE B
TR £ oM E SRR A W 1 T MRk AT
FOE GRS £ ARIEA (R B RSB YR 2 B
k% (Xieetal,, 2004) - ff k% &2 7 @18 ok & 2 fpe 7 o

BT T RRERFEABL LA AHYE Ao 3107 Bk EE

iy

ERAlE bl N I RE A ) L R AT AN NEEE S

BB AR LET nlg“?lj E I ERE o
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slope unit slope unit
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