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Development of a Reliability-Based Shallow Landslide

Early-Warning Framework during Rainstorm Event

Abstract
This project aims to develop a framework to construct the rainfall threshold

curves for shallow landslide under specified forecast reliability. We used the
global sensitivity analysis to determine the effects of the uncertainties of
hydrologic and soil properties on the landslide simulation. The results indicates
that the hydraulic conductivity, friction angle, cohesion, and initial groundwater
level have great influences on the landslide forecasting. To incorporate the
uncertainties from rainfall and the four parameters mentioned above into landslide
forecasting, we developed the regression error analysis and the optimization
methods to construct the rainfall threshold curves for specified lead time and
forecast reliability. The Mei-Liao Road located in Alishan Township, Chiayi
County was the study site. We generated 49 hyetographs among which 35
hyetographs were used to construct the threshold curve. The results showed that
the regression error analysis method is preferred owing to its high computation
efficiency. We used the remaining 14 hyetographs to validate the accuracy of the
rainfall threshold curves. The forecast reliabilities for the 14 hyetographs are very
close to the pre-specified reliabilities which indicates that the framework
proposed is applicable. To improve the efficiency of landslide forecasting
operation, we also developed an automatic operational platform based on the
FEWS system. This platform enables the automatic landslide forecasting for
selected slopes based on pre-specified schedules. Moreover, it can incorporate

other natural disaster forecast models.

Keywords: shallow landslide, deterministic, uncertainty, forecast reliability
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~2tF g% Tsaiand Yang (2006) #7748 & 2. — "% & 514 B b 3 H 3H
BoE BN B TR AT R LA R AT M TR I L s A A

Tsai and Yang (2006) 1] # 3 "X ZiZE 2 H b "5 » B 2 o
FTETEEAGEBLPT LR EENERE R LIRS A 3]
rERFH TSP B E AT #S JB05VF Y AR
3-1-

B/ANBREEN
[ 58 &

Y

w{0,t)=0
w(0,t)=0

HE T —fEeFz]

W31l -2%ai 33 Y EBEEHN LR

(=) B8 a » B
1295 Richards = #2.5% » = st 3 o 7 -RJE 2 F4] 2 4258 (Hurley
and Pantelis, 1985)+ £ 7+ %
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Oy 49 _

ot dy

>

i‘ﬁ:—__q.

AR R AT RS R RPN
o L()[——~—$naj I () W90k Z@o(éﬁi-cosa) (3-1)
ox OX oy oy 0z 0z

;7 5 0% 7 -k £ (moisture content) 5 wi & 4 -k & (pressure head) ;

QR BB HE I tAAPER X YE 2 AR LRAE K B#K, A
] 2T B X

CYE 22 k4 BE Gl T R4 KE2 Sk o

A 'E e 518 R 3% (shallow landslide)z. B3k ™ » FH B ¥ a0 B
M2 FRERH P Z ERETRE P SR uprig ] LR
BXNYy w2 @@JEEF’&(Iverson 2000) > (3-1)58# @ i+ &

20 8 Oy
~ —cos(a 3-2
ot 82( v )(az ( )D &2
- K A AE A AOYRIET e foz ki 0 RIS (3
)7 iE- G
0 o
v _ D, cos® « az‘i (3-3)
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MAEFT AR G TR AN FH S F NS TR ARSI LT SR

E

—,‘E!-‘:J Doszat/CO;Cog C(l//)zdeldl//iﬁx"g,C(l//)z\‘I‘z’ A
EEJ ’}\EFT-L e Keat é’g‘é"f‘f”}(j} @iﬁ.,’f«‘&o
Ff2(3-3): T & i F 2 474 0% i (initial condition) 2 % :F B i ¢

T

N
=

\

(boundary condition) o 4-B] 3-2 #7777 0 A7 4ePF o BLde 2 fE ARG T
o oo ¥R TOREERREE G T Zyko RlAde2 B4 KT AT S

w(2,0)=(Z2 -2, )cos’ a (3-4)

L oHl

QTS N SRR R LS LR NIy ST

FARAE BIELE 3K AT BT EE S

oy _ cos? _
~ (Z,,t)=cos’ a (3-5)

)/

prh s B oo e B E % 2 (ponding effect) & A B2 AR TE

e w

2y ’1— + = ¥

/7554’:’*i}ﬂ—\ugﬁ;{ﬁ)‘ﬁf}@)‘itg’gfimiéﬂlf = I &

Z—?(O,t):—IZ/KsatJrcosza t<T (3-6)

g £
PR A2 T RAFTIFRT o %{&“éiﬁt\i ¥ 4 32 (overland

w(0,t)=0 (3-7)
Al B LRI R TR LR EERL RN

B 7

oy 2

a_Z(O’t) =cos’ a t>T (3-8)

(=) & UFHAE TN 7
F* Fa- RS AN ER R R > Y BT AR
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4 7 (infinite slope stability analysis) » ¥ F "% & » % 5 F 513 3

oo g UEHAERA 57 A 7 40T

FS(2.1)= tang y/(Z,t_)yW tang < (3-9)
tana yZsinacosa  y,Zsinacosa

AP RS AT >l BN LRIE A ML AN LRTE S P
HE N B4 (frictionangle) 5 ¢ 5 2 32 5 R 4 (cohesion) 5 % & jear
P s 4 oon kB e fed E 2 H = & (unit weight) o
(=) #58
UTE B AR — R A g8 ke Y MR 2 O & L

1. A 55V B3R 2 EF S F w (isotropic) 22 32 i (homogeneous) @ F]
PEIEEMEALD S e P A2 LT » (anisotropic) & 215 iE

(nonhomogeneous) i % » R Hckt i % 7 it g TR 2 EA o
2. frimupR(l 2 3 X)L kA a g o DHIHOREZRM LA

BRI A A A E SRR 2 6 Y g Bt 2
l:ﬁ

3}1‘:&»

30 A B UHH IS B 2 (R 2 0 d
SE PSSO PERY RD - L EE & % FEEN L
Mok Rz S We R ARG M FILRE SR RS
EER D SIEEE PSR R Sl R W E R
FPABERBEHBE S T2 H G om BRI R T N
BT G pR 2 W PR 2 % > GEGT F ] B g

ORI T 3 E AT 5 g2 5 (Duncan, 1996) 0 7 A
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VARV AR LA E2 3R FH . R A TR E g (TR T L
S AR R AT R
kflafer ¥ i Eva s LT AP EEAF L bldrl
o2 Vool #G fg o #BAFE
MEFRFRERLFF A ZERLFFA X M
FE e s @B T N2 a A EBRRARRERE A F R
r)iﬁ'léﬁfﬁw?’&%"li’ﬂ}% /ﬁl//«}a)i'lﬁﬁ"‘##m ?3%;'50 ES

TR CHR R 0 B A KR 2 L AR R

\

WA TR YF]F 27 R <o) 2T %3_‘\7@,])\,.;,4%4 & IF B 48
R F]F 2P R A SRR A PR R F] S 2R ] o b
2 AN 2 B TR A PR blhe AR A 2 2

PR Ur A R 2 B0 B RS T L B g
(black box) & 47 5 ¥ b AT e 3B 2 P L 0 Bk p RAFRZ IR G
DD AR 1 et T R O N R R 2 M TR Do &
SO SZTERGI T R BT o JRd ) SPE A AT 2

FEAF T LT A e LiE

y = f(x) (3-10)

PP XEYEEeE o TXEX X X] Y= YL Y Yol 0 A e T EC
%%*%H: B A P2 ARG o

AN SRR PR E 2 2 N PR A
ﬁ%ﬂ%ﬁ»aaﬂﬁFﬁﬂﬁ\%ﬁ%iéﬂﬁﬁiiiﬂﬁ’%@
Bostfy » R R AR S AL blhrd s BT Lo 47 Y
3} F A E R E 1 (heterogeneity) 2 4% B0 i@ 7R BIF AL 2 B dy L #
RE2Z 3EHHL T oA B R 2R B ¥ i X DEM L TR
5] Lﬁ‘ﬁ:\%])‘ﬁfi L3 AT AT o2 ﬁ%]

e A4

B
PR F LGN AL AR LB LR 2P Bl T

ETRS

e

2k ) A =
'\"L’ :bz )
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Yo% MR adr BT ZHA S EIHPTSN

Flo it N AR A R S 2 ERAFH LT -

AFGUR Y oo ATR R A F7(sensitivity analysis) £ % g T_ft A 47
(uncertainty analysis) &3 i ¥ L Ir prdfdz2 ¥4 > 23 F 2 P hi 7 4p
foo TR R A HT2 P e 47 B “ﬂl’fs‘f}\% » 2R Eéi”’«r;'ﬁi%%i;‘ﬁi%] N
AR R G NG N A R S R o R
A FEE AT P P T RS fiost iy 2 SR Bl & T B
Z (moment) & E_#% & % & S H(probability density function, PDF) % -

i 5 Saltelli et al. (2008) » &< & ~ 171 &
3 M2 |y T

BAETF LT A SR AR

-~

(=) £ & B 73 & & (factor prioritization) @ P e f 2| $7oRut 22 2R F] 5
(E\}ﬁ:;?“%])‘ )2 A g ﬂlx\ﬁ%] Mz gEHEF ER2ZP

o AR ARFE S F ROt H 1 E?é’*ii“ﬁﬂﬁi%ﬂ’ﬁ?

(

Iy

) MBS TS & E (factor fixing) @ p e A S| $Tomat LA F] S A H @

(interaction) -
B2 AR B A 71200 B t(local) 2o gLk 7 0 H S

Lo BEFI 2B BT 23;5,@] Pl s 4% A i@ (base value » i F # T
1R P FHICR R (0 R g A
& 1

- T
T L E > Gl MR PER )2 L AR B INACR R AT A i

' "

M

\\
?')
/%ii

E S
W

T



VAT AR SR RAYFU S R UL TR ERE e TE T B

D2 AU R - W~ RS R 2

ﬁ;f]
B R 2 ZESUILRE Tk Rl o~ BEERZR A B2 GE B R
%

Iy

(=) &% ,aﬁeﬁ’]/\"%fi?!"f—’r—?? e R AR T R INATE R AT
BY FIHAR > TR ARR G
AR A BT g S~ R R LR R R
H)RAZ B (N 3L F T AR o
SAFA L A IE U] AR R FRARR R AT 2B
(sampling based):& 7 a7 & & 47 0 P 40T o
PREFHRRERAITZMAE GRAYF R - BEFF (&

SERPEE = EFEE T EL ¥R 3 XN
BB RS G R AR O R L AR A

E
s
e _F

kg
A
4y

(- ) B 575 ¥t B4k (sampling)
A - AER I e MY 23V o PR R et
B2 AT o B AP N 2T
() &+ i
B AW L T AP R 2 N e T e

nggzﬁiﬁiﬁﬁ%%ﬁﬁtﬁ N =t 8 3% 558 ik N B

(Z) oM a8
fi* Nz ggr £ N BHRLES BRI E5 - BL7
FEIE RS SRR B 2 A e B Ap M e § T K
B
1. H s dn B Ak
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I LY ST TEY SR L T e LRk LAl

H

T Lt a4 ¢ & F 22 Pearson product-moment correlation
coefficient » if * >t #73 FEFF FHL I > 7 LApk 1L

H‘i}k ’ ‘_,H? 2};\:.&\?1 o

Mz

Il
UN

r n (% =% XY, - )
\/z< (S

n

, (3-11)

e ory o7 SR Y S E T BESE x f  su g
B Xni 2 % 1B HC \%J)" FNABRZE Y, Al B n=x
P 2 HOSU B~ AEe 2 S % HRAE S x ZYRIAE G R
s B E R R 2 T

MO S B e A1 LR BN oL
POAPIEE L T r 2 T AR R AT
WE BRI A AL B B ryg 2 B AR
A5 0 BRSO 2 R TUSHOES L BB AR

S\ %] ~ g @] R EE G 2EARM e A H 3 S Hie(monotonic function)
P RIT A - WA o Rl E ) e BRI E T 2
BHCRS R~ A L A N BEE S 2 % s (rank) ke
¥ ikypBciE < ) N T[Hs‘:%‘ii%s‘?i“ﬁi%] MEREE S Es o ot T

¥ 4 * T 342+ 5 Spearman’s rank correlation coefficient :

> [Rer.)-RETR(,)-RO)
[ lrten) -0 S lats)-mET

n=1

R(ry,xi )=

(3-12)
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NIEETRAE T

£2 3%

B R M T B R PR T g

(z) #

Rl & AR R o PodRi2 P ATR

o R(ry,xi)éﬁ—'i“@?]ﬂ? y 2 F ;@;Jfg:;uﬁ;;]% Xi [ 2_ Spearman’s
R
Fz Bt NBBfREZ £% RY)EfI* % n
;“ﬁ%] erJ.g.7+3_;\¢;;] R A E 2ty N OB

ROG)E R(Y)RIA ™15 % 1 4055 By~ 20 4050 i 0 s 5 %

L2

rank correlation coefficient ; R(Xni) = % R N R

2 i

oy

\
-

£

>

7

-~

J
i

=F

1iiﬁ@o%—ﬁﬁﬁ%&ﬁﬁﬁﬂ@i@ﬁﬁﬁ@ﬁ,
r2 2 Spearman’s rank correlation coefficient %
i = R el
i 4P B % Bc(partial correlation coefficient)

GROTE W RS

7

-~

B4 M AN G

A

7 OAR M2 iR

;\‘ Y F o

r _Cxi,y

XWX} T T
y,Xi Xi [—CXi’XiCy’y
)

(3-13)
B P rysengay & ez y &% 0 BHC R xi B2 AR BT
Bic; V\xi} £ "ﬁ%ﬁ i f@‘ﬁ:i\“ﬁﬁ)‘ Xi *} —,r%iﬁ:i\“ﬁﬁ)‘ » Cxiy ™

CXIXI nyﬁjﬁ%"iCP\ii

L - A \%]/\ Xi ¥

MARRBE Tidic o p kR AT
Fl+ ATR B H| 4]

L H s Ap B s

B> 4phE e~ 0

= 2

’7. ‘i f’r-’gz

7

~

B A ik AR B
kg Ja—

TER

¥+ 8
B A 17
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&
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i
tdw
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&
had
e
Il
T..
Eo&n
g
3
|
N

CAR R AT SRR T
AFENEFARRERRPZHEFHSE QLR RAITED
Hi= % 4oB] 3-30 A S RIP AR TACE B AT Sl FHE H XK 2o
AATHS R AEY EP KRR KRN 2 A EborR R AR 03
EAIRR 48 ] FEE A A 4o 341 2 A TRRE Y 1 Al il
SMDEM : @ 4 3t £ 8cF AL RIE ¥ Gk {15 “rpm T 7 POk R B ok
BHBE R R AL G (SR IE > 2008)4 % S 4p b 2
R 2 By o

Jui

\

W33 FPREEKFRE T HBF >
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VAT ARG R FA P THP F AR TREFEFEFERS LT LR

80 - - 1,400
70 N [ —~
/- 1,2oo§
A60 i - 1,000=
£ 8
50 -
E 800 =
F40 x
= - 600 2
g3 f S
> L
20 | w0 E
o A 8
Ti0 H | | | 200 <
0 I\l\ TTTTTTTTTTTTT \I\ TTTTTTTTTTTTTTT \ \ TTTTTTTTTT \I\I\I 0
12151821 0 3 6 9 12151821 0
Aug. 23, 2004 Aug. 24, 2004 Hour Aug. 25, 2004

W34 THRADE= L:bpa £ o

MR 2 0 T A SRS IS (F A )RR TS (MR 18
BB~ Aol Tokin s tpfook 4 B Gl BB - BE L S bv ot 3R
Hixg) W 7F BB i Sl TR 2 H B o
(=) *&FsAERAITL S0

AR R FHE T EREE k2 () MR R

BE o if ddon iribdrt AR O3 E VAL PFL FHTEE

GRS 8% 23 p 12pF3 25 p 11 pF 5 R348 ) pF o R P

3% DEM A 47 4 31° ¢
(=) eFaRp R A2 S

1. F= o T ok =(dy)

W@*%?ﬁﬁé{iﬁﬁﬁi’%ﬁ?ﬁi#%%1$
AL R RE A B AR A H G L AR AP B
TR L o A dpd TR B T R kg A

>

N\

ﬁﬁuﬁ%%%ﬁ’ﬂﬁﬁaw\iﬁéﬁ%ﬂ\&;w%wr

ﬂ&jﬁ%@%@&w%¢%%§%$ah%%1«azxﬁ
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I LY ST TEY SR L T e LRk LAl

T o FOETY 0 A FE AN BERA A TR 2B R AE S
#icid £ 323 & (uniformdistribution) » & g g F] /i 3t £ T 1
MEI3ME> "FHPZELH LT 2m-£EL L 0577m- &
B %Hcp] 5 0.289 -
2L R (d)

Pk B (2005)F1 % 11 AURB-E |2 2 BER THL > BLE
2B R B2 A F 4o 35 90T o LR 350 4 EE R B
BOR2ZMGT E I T IR o A e R

d, —a+bxa+s (3-14)

Hed, ZE2 2 ER ;a v b S iF s e RIS MR
AT o FLVEFEAEZ 3 BRI 1L e #IRFREH R 2
ABTH I B T2k (leastsquares)E 4 V3t E i fF fhdica
b 2 2| % t4# R? A % % 5.6563+-0.0716 2 2 0.9371> 4§ 3-5
“ron oo BEon 3B R B H R 2B RRT £ 5N 3-14) % T

—h

SREIEER AT RpRE ERl2 11 2FH

(dLZ)-”‘ 3\ (3-14)’—”*3"’}: 2. 11 % H ;‘;E-}i(dlz) s I AT EE 11

-

EFLAFH(e Td, -d, )5 8 TI5(0.0) 8 £(0.3076)

- B e FR7 HAEEY EAF 2 e LRl
Bl 3-6 #1777 o 3-6 ¥ F AL RIPpEAIE T IoE SRR T i1l
Wz AMAEAFTER > AP oBEp AR 1l Bl gTR
Fp v A A AT ERBER S EFABA T B e

St BATES IR REE R 2 M GBoT AR

d., =-0.0716a +5.6563+ ¢, &, ~ N(0,0.3076°) (3-15)
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VAT ARG R FA P THP F AR TREFEFEFERS LT LR

He g o BV A2 gPpFAa(THEs 00 FEL 3
03076) e LMy BH AN IEERT L2 @AM Fp
THERTEBTEF IR AT RRFFLT 0 54 (3-15)
Pl L

5 4
*
4 -
EER
e
e _ )
® y=-0.0716x+ 5.6563
=2 R2=0.9371
*
1+ *
D T T T T T T 1
10 20 30 40 50 60 70 80
WE(C)

W35 FPRERRFARNIELERRIERTH

99

o5 Normal Probability Plot of Error

90+

80
E 701

60+
& 504
= 40
A 307 . Mean  -1.32217E-15
204

20 Sthev 0.3076
10+ N 1
51 KS 0.137

P-Value 0.150

ll T T T T T T T T

08 06 -04 02 _00 02 04 06 08

Error

M3-6 FPREH-KFAREIEERALY FRLYEAF B
3 3R Rk
GAMWE kAL R o R T

TEPOREE R R HBERE TR R TEAT ) (EASRA

(ﬂd\
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%5 2008)E W2 MK E > A & FH2 B B A S0P
¥ Refice and Capolongo (2002) v+ 2 Harr (1987) 3k 5 # i 4 5 -

\’

Hepimz St At & 31

Christian et al. (1992)£ Husein Malkawi et al. (2000) & 45 ™!
B¥ed ~ @R EIRE LR FApM Ay M) @ 7 Ao
£k o Flpt At E B EERE AR B E R T AP
Wzom ZApMIET A

4. kg fe-k 4 @

i&¥5 Gelhar (1993)#1 & 321 /1 4p B Fr2 HER kA
BE Gl 3R BT TS T &4 7 (log-normal) -
PARARIETOHIEELRHE L B4op 2 (sand) ks 2 (silY)
BAd (clay)z k4 BEG#ET HE A W5 5 10°~107 m/sec
10°~10® m/sec &2 108~10" m/sec » &+ & & 45 & FALE Tk
4 BE ez ToE L 7.3x10%m/is ;¥ ft#cok 4 BE Gl £
BAP I IEEFTDF 2 RZEF AP F TR Z K
% (alluvial basin aquifer) # $3+#c-k + @ E G giR B £ 95 04~2.1 >
A ATEZRT REA G 0 JEBTRENR @B
B2 R Hlokd BEGEREREL A 0408 *
(Luxmooreetal.,1981) » 2 %= ¥ £ A+ 4 Bk ok 4 BE %

BARH L5 10

331 HN REAPHEEEL

s 5ok i L BFeR &K
A2 A T oK i (dz) 2.0m 0.577m EE R
35 R (dz) 3.44m 0.31m ¥ RLAH
2 HEE = F (a) 20.7 KN/m3 1.45 kN/m® F A
3 B (9 30.9° 9.27° ¥R A
7 PR E A (C) 12 KN/m? 6 kN/m? FAEA G
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MIERTRRL LB 3 AP FHE R AR TGRS P T LB

e S LI wFEAL BFH R IEK
tefook 4 @ 8 % dc(Ksar) 7.3 x10%m/s 1.0 (InKsar) HE¥ Ea*
K EH = E () 9.81 KN/m? 0
H k& (a) 31° 0

o AR R AR

ddp 4 312 Mgl AR g7 5000 b~ A BE
CAlRE Y F(FER D)F > g B~ R F 2 Spearmaen’s rank

Pl

correlation coefficient 4] 3-7 (a)*77+ - Bl ¢ & Ap b v € ¥ % /7 "%
ARz Htea Bl TR AETHEATE- BEATR I 2o
> GBEACR 3T FRE N2 aEaL 2 I 4pk > Lo Qe
| 50 ts4pF o d B¢ PR AR H AR PN Glicdog > A4
S FEHE 2GR GERIRE SR FF et RE LT IR
X > GEEBEEEF 2 M B L
F B A 4o o AP B TR B HCTE X0 BofS B
GRS B LAY G FREEIVHY
BF(R38)2 X 2 BE T M oR38Y  FEE I Hu
A o CHORR A R A Y (81 23 p 21:00 # ) KR 40 0 @ s
A 7 {5823 p 21:00 3 24 p 2L:00)R|HEF 5 A B E K bem ik b 2 s
Betsd 2 e Earfots(24 p 21000 £5) 0 TUHOK R EARRGKR G o 4 2 (3-
O)¥ Fro d AILIORERT AR 2 Sl 1% > B AL 2 Rk

oFS |, ! LA sec? g, (3-16)
o¢ tana ysatZ sinacosa

NE16)N A s E E R XA B F o d N (3-16)F
AR F A HRRA e T 2 RER SRR BT R 2 i Bkt
AR R Gl PFRPSI KRR M o PR T- Hd |
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Bod A ECaERBELFFHES RIPEEN

BER | BRI ER  FLEE N BRI E R > VKRR
EH T EIRRL T BAERE R N S kTR > R B
2 APM BB ASR 2 S 4 423 p 18:000 B ts i E fE R 2 P
Rl % 24 p 15:00 o

%D BB AR TR R e ook 4 B B 2 Ap M g
gﬁ%ﬂ Fiv o B 39 BT I M KRB A dn R TR R ook 4 i

K

% B R 2_ Spearmen’s rank correlation coefficient> 2.3 2 | 2_ "% & 4= 8 »
P TEROR R W K TER N R ORRZ BN E 0 FRh Bk
B2 4 i A KA TR S Bl ook s B GBEM; Ra F %
FapREAFEREE B AN 2 BRI F AT LB RRE
L¢§’%ﬁ%ﬁ$4@%ﬁ&iﬁ%ﬁ&%%%%:ﬁiiﬁli%
FfsH > FlA e dbefoo IVIOR R B BAB R D R R 1L
AW EA N TR A e ook 4 B G AP B FARBIT R o

Y ARG A R » Gl N e R LA A

Rl — A AT HBR M PR 2 L8 A R MR8 ~ 1 2 2 Spearmen’s

A
e

—\
—

ol

rank correlation coefficient 4r# 3-2 #7757 » d % ¥ Frg=4o0 TR B
RS SR ook BEGEEZ ATy {HHNE L FR
MERE BV 4o TR BERE -2 ARS SEANERE D
M A ke ook 4 B GRRE HIMPER R AR o

iR RS ITRRET  BEL B ERS g AL R
Foompfrt MECEIRNFI LR V- 2 g Aot TR 2ok

7

—~

SRR R E SRR

\\\?{r

% 3-2 E'é%;}:ﬂ??ﬁa‘;‘?%iiliﬁii'fiﬁ]"f‘ +2_4p B (i

Adsl ok JRER il REE BEd BERS ok BEGK

0.41 -0.18 -0.04 0.68 0.65 -0.6
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0.9 0.9
E os £ o8
L2 S
£ 07 £ 07
L <7
8 06 G 06 i -
& 05 —SgtU(W 5 05 —Sa_tu@ted Hydraulic Conductivity
® —Friction Angle = —Friction Angle
s 04 —Cohesion s 04 ==Cohesion
S 03 Unit Weightof Saturated Soil 503, —UnitWeightof Saturated Soil
2 0.2 —Soil Thickness g 0.2 —Soil Thickness
g — Initial Groundwater Table S —Initial Groundwater Table
x 0.1 x 0.1
»n n
g 5 o
T P S
& -0.2 & -0.2

12 15 18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24 3 6 9
Aug. 23 2004 Aug. 24 2004 Hour Aug. 25 2004 Aug. 23 2004 Aug. 24 2004 Hour Aug. 25 2004

(a) Event I: Typhoon Aere

(b) Event II: Inversed Rainfall Pattern of Typhoon Aere

W37 % 2 RS &1 3 LI~ 6 2 AR M A

2.5 0.5
5
- 0.45 8
= a
s 5]
s 04 &
2 2 =
< I
o —Mean_Event| 0358
% ——Mean_Eventll E
% ---COV_Event | - 03 2
L ---COV_Event Il =
£15 = s
c - 025%
s €
= 2
- 02 &
~~‘:::::~. g
L 015
12 15 18 21 24 3 6 9 12 15 18 21 24 3 6 9
Aug. 23 2004 Aug. 24 2004 Hour Aug. 25 2004

& 3-8

ICHRRZ G B EEL
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—Initial Groundwater Table
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Spearman's Rank Correlation Coefficient
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Aug. 23 2004

/~

—Saturated Hydraulic Conductivity
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—Initial Groundwater Table

/
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(a) Event I: Typhoon Aere

(b) Event II: Inversed Rainfall Pattern of Typhoon Aere
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