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National Chiao-Tung University

Abstract

In this study, the global sensitivity analysis was performed to estimate the effect of
model input variability on the output (pore pressure and safety factor, FS) of a
one-dimensional unsaturated shallow landslide: model. Seven model inputs, including the
parameters in the water retention curve,-initial groundwater level, slope angle, soil thickness,
effective cohesion, effective.friction angle, and specific weight of soil were considered and
the sensitivity indexes between the model output and individual input variable were calculated
based on the variance-based and sampling-based methods. The variability of slope angle
results from the random error of the digital elevation model (DEM) which is influenced by the
grid space of DEM and terrain surface characteristic. Thus, two DEMs with different grid
space (5 m and 40 m) and three slopes with different characteristics (gentle, medium, and
steep) were considered. The combination of the considered DEMs and terrain surface
characteristics renders six cases to be analyzed in this study. For the sensitivity feature in pore
water pressure, the analysis results showed that the importance of water retention curve
parameters and initial groundwater level are increased and decreased, respectively, with the
increase in accumulative rainfall depth. However, for the sensitivity feature in safety factor,
the importance of water retention curve parameters and initial groundwater level are
simultaneously increased with the increase in accumulative rainfall depth. The influence of
slope angle variability on the safety factor in the case with 5 m grid space DEM is higher than
that in the case with 40 m grid space DEM. For the cases with the same grid space of DEM,
the importance of slope angle in gentle slope is always higher than that in steep slope. The
analysis results among the six cases showed that the safety factor near the ground surface is
significantly influenced by the effective cohesion variability. Besides, the effective friction
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angle is the most important input for rainfall triggered landslide modeling while the
variability of specific weight of soil could be neglected.

Keywords - shallow landslide, pore water pressure, safety factor, global

sensitivity analysis, variance-based, sampling-method
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C . 2 3EE 4 (effective cohesion)

Cov[ | + + % & % (covariance)

d, : v 3 kxR

d, : Lo TORFFER

E[]-#FE

FS @ % 2 i #c(factor of safety)

G, : & 3t £ (specific gravity of soil)

I, * "% % 5 & (rainfall intensity)

KoiX~y > 2 k4 83| ke

K, : 4 fo-k 4 i3 3 % ge(saturated hydraulic conductivity)
K, 1z w2 k4 ¥R

M ¥ A% & %] (curve fitting parameter)

N : 3% 535 #c(pore size index)

S : 4 v & (the degree of saturation)

S, - 7 »x&r{r i (the effective degree of saturation)
S, ¢ — FgaTR & 4p K (first order sensitivity index)
S, : 7 4 4F {c & (the residual degree of saturation)
S; - total effect 57t & 4p #kc(total effect sensitivity index)
T @ "% = 2f pF(rainfall duration)

u, - 34 % /& 4 (pore air pressure)

u, : LA KR 4 (pore water pressure)

V] %2

Xl



I

#3“1

© 3B § e F1 (empirical parameter of air entry value)

D4 -3 &4 (total normal stress)

-k &g (pressure head)

2 R 7 -k £ (soil volumetric water content)

. &7 {ofl & 7 -k £ (saturated volumetric water content)
- AR F 7 -k £ (residual volumetric water content)
© 3 s Bz & (effective friction angle)

: § oxl* 4-#c(effective stress parameter)
1 4

¥ F R -T5H = £ (the.depth-averaged unit weight of soil)

7o - 7K E =& (unit weight of water)
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WihBcz MRS o 4T

0-6, _ 1 i (2.9)

Hs_er 1+|:§|(//|:|

Kz(e)zﬂe—a jz 1- 1—(9_@ JM (2.10)
K, 0, -0, 0,-0.

He g 54 fct4E 7 -k £ (saturated volumetric water content) » 6, 5 7 448
## 7 -k £ (residual volumetric water content) » K, z 47 fr-k 4 @ % %8> ¢ ~ N
21 M A B] LR B F]F (empirical parameter of air entry value) ~ 3% < 4, #c
(pore index) ~ # & % & F]+ (curve fitting parameter) » I ¥ {34 5 4p e F R
BEFTAF TG AN AN S

1
M=1-— 2.11
: (2.11)

F17 22X FI(A0) X 2B A2 B4R FARER T ) 0 R T
9



# # 42 T & 47 (infinite slope stability analysis)z* & % 2> T #ic(FS)2 * -

Frd & > DK ETE AT AL PR KA TR IR T AT K
—TEh e BT R ARSI RS AT RS H A RERT A > &
AZFEAG FERE - A T RIET S RAREER SR 0 2
9 4 5% & Bk yg Bishop (1954)#7#& J14% o % F B 4 2L 3k 2 ] (extended

Mohr-Coulomb failure criterion) » % 7+ %

t=c +[(o-u,)+ x(u, —u,) Jtang (2.12)

' N

HY > ¢ a3 2B 4 (effective cohesion) > o & 3.2-% J& # (total normal
stress) > u, = 3* M. /& 4 (pore air pressure) > y & 3 »<& * % Hc(effective stress
parameter) > u, % 3* I4.-K &< (pore water pressure) - u, —u, Bl % 7 5 L F = 4
(matric suction) » ¢ & 7.%% & =& (effective friction angle) -

Vanapalli and Fredlund (2000)£ Lu and Likos (2004)4% 1} 3 »cji 4 %3k

BB REZM AT AT S

X = > (2.13)

y=5, = (2.14)

H ¥ > S% 4k (degree of saturation) > S, & #% 4k 4¢ {v & (residual degree of
saturation) » S, 5 7 »x4F v /& (effective saturation) - 7 »x/i+ S#icy > B /3
OF| 12 B » 2 atefopiip - BiE i 10§23 AL {oRMp 2
SR 5 0o

B2 EES BRRS TAL RRA P E TR R B

10



i A4 R - 7?ﬂﬂéﬂ%L@%ﬁ4gw4 WA T ERIHA
fi.ij; g%&_"%fi% ’i}éidli,&*ilﬁgi(lzs)? Z\

" oCc - tang — tang
tang N WWZ/C _ ¢ —y v tang (2.15)
tana y ZSInaxCosax

FS =

Hv oy G-k Hixd y i 23 FR TI5Y i+ £ (depth-averaged unit weight
of soil) oy, % 2 At fopF » B 52202 fRy » y, B 5 05§ 2 HE T4
fopf > w BE Wy oy B G 0o

(214)55 ¢ 2 y I HFR THBEE > FENF 4T

1
7 =E£[(1—95)7wes+eyw]dz (2.16)
He G a2 ph kE g ¥ (216)8 7 15 I3 RIER T

BPECEEMFE ke Mo Eadird L B {oR B -

kB
2|
N
H
_§¥
BY
2
(S}
@)
33

RO TR o A S i
iiﬁ,;fwwmﬁwwﬁzﬂ%:a Koot 2 KB R () BE () R
RS B TR (dz)u?ﬁ#" v ] TGRS o R 'W‘r?TJ\%] i ;:

z 24 74 2 A R had 1 = Y 2, 5{ 5{ 5{ a4, 2| 2 Y
FRiEite 7 W % 2 AL A ENTERUEPF S EFRBRREEER 2R

2. A7 e TR (d,)

s
K3
=1
=
F_w.
(w.
K3
put]
!
(=]
N
51
(yl

Z‘w ‘&\—"f" s }\ i T‘LiF] ;—-Kﬁ % T\'—?’HIJ zZ_ Ly T Sl
%%%&1%&%%°#%%T¢&?ﬁﬂ%%?‘$ﬁ‘i%ﬁ?~%
B Ae ~ AR P RS RIT s F iRk A GRE R A AT
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3. HE(a)
HOR Adp - RIEGL) § A20A RAER - m&%ﬂﬁd&mﬁﬁfm
(Digital Elevation Model » DEM) % 2 ;¢ B 42 7 2 s d Arc GIS #it §8 izt

EodE Rz d R wmy & * 2 DEM f247 & T4 %] 5 40 m DEM
r2 % 5mDEM -
4. + K B & (d,)

Heimsath et al. (1999) 4 1 ¥ £ 2 A A R I EE R TAH & ¥
(hillslope curvature) 4v > 7 SRR 2 ABF o LR b5 37 5 f_‘:%ﬂf‘f 1
PR RED AL R BB R hiw b (A B 2005 5 4 T #4,2008
Delmonaco et al., 2003; Salciarini-et-al., 2006) - ;ﬁ d 4 %&&ﬁﬂ&iﬂﬁﬁf A
O REREY B R e BN kLR R o
5. 1%

ISy § AN E(G) G BB E() S G REUR A ()0 F A

R

B B2 3T B A
6. ok A E#

& * Van Genuchten(1980)#7#% 12 583\ » ¢ 7 2 S5 & {ok 4 8
(K)o AR 50K B (0) AR 5 KR (0) i F B F1F(0)
PSR E(N)~F RPEF]F (M) BERS FRREI @R AT
WA 1% Van Genuchten(1980)3% 1 2 &7 fr &k 22 R 4 R EE B (25N i (73
ORI R RS2 R B FF () FV A Bi(N) ~ b AR £ T
F(M) RS kR E ok @R GE(K) kR RRE I
fed@fi 2 K E(0,) - APHHEZ KE() -

4
—Rp

12



-2 EMRBRAMFLERZ I AL

FEP AR A2 ARG ki E Y AR R BRI

ESR Ao = FEELACONE

31 FMWARRAIT2Z 2R

M-

AR RAFIESZ B P EEL KA » B R ZATR EAL TV A 5B
INATR R A 1TE BERATR R A 17 o ifui mb RN FERATR R E G
e ST T A R RS

g R A L %%m’ﬁﬁiﬁfﬁﬁﬁﬁﬁgﬂi%“
FPRP R ELPHRINGFFE T RER BFE L F5 P KFER
(Knopman and Voss, 1988).s #J47 & iy~ Gulic i 2 Scg & © X5 ¥ R

W F LMK E Bk L \@])\igtb%fg_ ﬁgl 2. 2% R MMM %o

5

e

\

®

s
)

5R

LS

Y;fi;ti@?]:",fg_’ X =(Z,Z,, ,zk)éfgﬁ@])\ia}&, B=(8.0 Be)
EECERS S HEREE S SINE RN SN E S SN A
SHATRARRE BB A SRR A L AT A AP S A -
ﬁ%%ﬁaiﬁﬁéﬁ»%&@&&&iﬁw@ﬁ,@%&@j%ﬁ%%
M 2 o El-Kadi (1987)#% 71 % & St BT 1R S £ g U3 eh mE e
@ Carsel and Parrish (1988)~ #% 11 ¥ & S Bcedp B 27 12 58] T EIER
B 30 fRAMC ) RETHEES BT Ft o A T g SRR

R NSRS ELE SEE R RS ﬁ%%&ﬁﬁwﬁaﬂéﬁg
sk

(=
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3.2 KRR R AL S 2

3.2.1

V(Y)=

28 B

E[(v—E(Y))*|=E(Y*)-[EM] (3.2)

V(Y) 5 Hcst 2ty 1% R o E(Y)mﬁ—i‘iﬁ?‘]ﬂiﬁﬁi{fﬁo ed (3.2 &2 ®
I?ﬁdﬁﬁi‘?ﬁﬁi%ﬂLifﬁq PEERE FI L EBAGNE - SEFHITX =X

PR SRS G2 (B.2)5 AT

v (YIX,

=>Z)=E((Y|xi=>Z)2)—[E(Y|><i=>Z)]2 (3.3)

3 H(3.4)3 11 (3.2) 50 B ik A5 TR F]

~ ~ 2
V(Y)-E[V (Y, =X)|=E[E(YIX, = X) | ~[EM)] (3.5)
(85)s 2 ®t Ly 7 v w2 V(E(YX = X))oﬁ(3.5);‘i§f;‘éj§é AL
TR X = X HC Y A R AE AR T 5N o AT A(3.5) 50 v iR

g2 FRFV(Y) I L& - FEATR K dp B(first order sensitivity index)

<
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£ % Sobol’ 5 B 4e v Bcs 2 MR 2 MATHE 0 M E 2 2 %R BB
B

V(Y)= Z\/+ZZ\/”+ +Vp, (3.7)

ij>i

V, =V (E(YIX;)) (3.8)
Vi =V (E(YIX, X))V -V, (3.9)
¥#HE.7)N 2 Pa*,ért YLV (Y ) e B R SRR 4p ez e

1= 308+ S o+ S (3.10)

ij>i

* otk 2 AR RAple o LR B FPEACR Rdpdic e d B FSATR Rdp it ) -
FERCR R A BT 2 A S HCHICS N L BB R B TR G

B ACR K 4p #ic(total effect sensitivity index) o #- 2 38 57t B dp B B 54 4 r

4

EORHCX R B]F e
S, =S,+S,+S5+S++Ss,., (3.11)

£ #(3.8):8 2 (3.9) Bk H BN F G GRS SRR S &

15



V, =V (E(Y [X,)) (3.12)

V, =V (Y)-V, -V, (3.13)
#(3.12) 4 (3.13)5% Ap 4e XL UV (Y) o T F FIIX, 2 AR R Ap e
ST1:V(Y)_V(E(Y|X2)) (314)

V(Y)
EWM@H%&‘Hﬂ&%&?ﬁ\%T:
_, VIE(YX.)]
Sri _1_W (3.15)

2P ooX, r'*T | Sl g o

Stltelli (2002)4% 1 2. R #cacp B A 152 2 » A5 + iR LA
23 E N F AR R R R B N 2 e E A e gt
FoME L EEE R oM s AR R s b R ER DY
BE(YX,) £ F G G 2l s B e o4k 1000 = 0 3 E 2 Sk

3Nty s pERE > Stltelli (2002)4% ) 12 4B
PERY 2 b e Bk L Sy G N B o B
HEREN RPN AL (N2K) BT ¥ o

\'34,.
[EEY
o
[=2]
o
A
Ap=
IR
)
o
\\-
B
}.\.

s 1 Iﬁk‘ 2 _E_r

*i’kg(p 2k "Qf’

{\x

%

T AsBHEE > 4o

X l(l) X él) xi(1> ... X él)
X@  Xx® .. x@ .. x®
A=
Xl(N—l) XéN_l) Xi(Nfl) XlENfl)
i Xl(N) XéN) Xi(N) XéN) |
1) @) @) 1)
Xk+1 Xk+2 Xk+| x2k
(2) (2) (2) (2)
Xk+1 Xk+2 Xk+| X2k
B= ..
(N-1) (N-1) (N-1) (N-1)
Xk+l Xk+2 Xk+| X
(N) (N) (N) (N)
Xk+l Xk+2 Xk-H X2k
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EHd ASBELER CEl 0 g W SO R 2 KB SakiE K
B Az ¢t Heps 28w kg Baprt > Caprdde™
RV @) ) @)
Xk+1 Xk+2 Xi sz
@) (2) (2) )
Xk+1 Xk+2 Xi sz
C=
(N-1) (N-) . (N-) . (N-1)
Xk+l Xk+2 Xi X2k
(N) (N) (N) (N)
L Xk+l Xk+2 Xi sz ]

Y.=f(A) Yy=f(B) Y.=f(C) (3.16)
£ #(3.6)7% £ (3.15) 54 3+ BACR Rdp M SRS A 0 S TELFE 2

)3 L #(35)70 # ¢ 2 E[E(¥IX, = X)] i Ishigami {- Homma (1990) 7 & 7

e[E(vix,=X)] =U, =1 Yy (3.17)

2t

[E(Y)] A 2 '%;\:féﬂgi’féi%? o

[EC)] = éf\:%zﬂygvg (3.18)
[E(V)] = E2 :(%Z\(;J (3.19)

He B2AV2HEET S 0 B2V, 2 PR ET S o

V(Y)4 kAl 2 R B

17



0= g2 (Y;)—ﬁ(iv: j (3.20)

UVB :ﬁTZ_(YBj)_%(NyBj ]_ (321)

He 5> (3197820, 2,2 %88,k >B20); 2 U, 5V, 2 %8 #co
~ FAACR B 47 #(3.6)5¢ 11 (3.17) ~ (3.18) ~ (3.20)5% Bt > T HF| T
m s

. =V[E(Y|Xi =>Z)LUJ__|§§ (3.22)

| V({Y) U

BACR Rdp iz 3ty o B @AT)5 e 5 E 0 0 Sl thengt S

4T

i 1 Svivi
U_, = ——=>VYJY (3.23)

N-14
% #3.15)5 d (3.19) - (3.21) - (3.23) w1k

. VIE(YIXS)] . U -E3
sﬂ_l—w_k 0 (3.24)

21

B - AR Bdpd 2 AR Ripdicend (3.21)2(3.23)5 3t Ak
175 K 3 N(K+2)=k » PR RS PRS2 S o

i Stltelli (2002)#74% 4120 = 2 % B_BEK S 2 Sl L 2 E AP
B > R h e Y g ok RS ApR 2 e B &
HEs £ M2 5 fo F]2t 1295 Jacques et. al. (2006)4% 412 2 = & o

RE M ABELAIFBEN CAELF LG AP Sl AR R
WP ARM 2 Sl AR N SRR B AR B R AR R

For A2 (3205 (323) 8 P 0 TE @A HF 2 - PR R 4 e
18



4~

BAE RAp e T - [P RSSO R R 2 L BT LT

AR Y L F R TR U2 2R R dp A b
[Ty

y
W
A

¥ s MR BT & E (factor fixing)z &9 0 B - ﬁ-%\ﬁ’ﬂ”‘&g“

BAp i) » W AE > R R ARV R P RIP TR RE LT RER

gt 2. B~4% % (sampling-based) & | * Ap B thficz. & 0 7 AR %R

2 S B % B2 M %k o Chang et al. (2010) %% #-4p B Ao * T 3% 50 1+

= thm”R]PGS)RLJ (3.25)
\/Zm—l[ ka) ] [ )_RFS]

BPor(Fsx) 5 % 2 BEB(FS)E B F k Bam o~ 82 tpbl fhlic - M 5 -
ﬁiﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁiﬁiﬁ’M&”\magéik%@»g&

R AT 28 M B FS BIELE ARG L 2 0l R Ry RIS

% 3 g

(w‘

RE B Slicik AT HE 2 Sk A SERN Y Mrii%l il

B e AP ez RA SN EL 2 R~ SRl b T

B~ 2 Sl K B G RB 2 Ae b Tl AT H PR 2
Wbe e oo R A2 dpRE R N g\ﬁi"t’ﬁ—i\ﬁﬂ o 'ﬁﬁﬁ”iﬁf

WO B ET o d AT R A B R RS E G AR R
BB RS B SRR G Tk B E S AR .
AR RE Rl A i T > T L 3B i 4p B % Bk (partial correlation

coefficient) » iy 4p B 1 e Sa-7 3 3+ B A M Thdfc2 Sl of & 2 b el AE

“r3h 82 ApBE TRl 2384 4p B Tk dic(part correlation coefficient) - * f£2 %
L 5 4p B8 % Bic(semi-partial correlation coefficient) » © zd® & %] S H v &
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B FFrRTI2 M Gl AA FA F Y RS R o &N
%ﬁu&l%oﬁﬁiﬁﬁﬁwiﬁﬁ32%ﬁ’Y%ﬁﬁﬁﬂ’&‘&ﬁ

B2 Sl 3L e dn M ARG E » RAIA B AR A% 5 2L

Y

BE 4 @:a‘r*éf BX G RELEo R RINARE A EE RY EX BT %
Bl 32 A~ 4p GHE 7 AR HR312 L8 A% A02 72 ¢ 25k
TR BT RN eAR N Ry SRR
MpAZR PP SR Sl 2 AR M TR B g 2L

(\s
iy
K
{4
\4
(;x
_“é\:
N
ol
ZE“-\'
=)
-

=
P
&

PAR R B2 IR AR R (A BcIT A3 o B E N4
r,.—r.r

rY(z~><) = yz—xyzxz (326)
1-r?

PN I Ary AR M el B BRch g e o (e i H LI S RNt

ﬁﬁ?ﬁ%@%’%uﬁéu%@?ﬁﬂf&ﬁﬁ’%f

M, —Vy B,

N (3:27)

y(zx)

Hoe oV B & APk frvz kit S SHdp R rifEL 2 F B {rBz
R? 5 %#c8s h:klﬂ: BAp Ik 2 foVY kb BZ o R4 AP BE (it B 2 ATR B
AT R f AT S EREL L w%“‘{ﬁw%’u£&ﬁ§@%@§

A7 r ot E & BT S 2 & i (factor prioritization) > $8 4 4p B %

—\
[as}

|

Hez
A

i

CRCE R T LERIE D L e = PR O ST

&% iE 7B B S 6 (factor fixing) » F1H A 4 b S A

F_\.
q&‘ﬁ
%
ik
oy
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Fr i BREGFEA
ARATZH RSB ARALTEARGIFH R HIMAE > Z

R R A2 o j\—;?; M B2 WA oA T L AKX

41 FHREFEE 2 FER L
411 FARE St

N O3EVIRE < BABE R KR PEEKE RS A L H
M E SRR KR R AT R e R Rl 2 AL 2 Bt

L
il

ul

Flt BAR 95 #E 10 I3 Pt TEPORES H B EILE
WG] 0 UFERE PR BRI G~ PR KR OKE R L T 2 K
Boike-Rae 4~ R BCH Reed o FAFREG A 7 oK R 2FE KR K
AR EFTEY M EFOREE PEE KRN G R I EFRTE
VLR B AR B TR o FIgh e IR 2R R B TE A TR BOKE N =k
F 8 BT E ORI U R 480 BRI TR 0 4O Sl TORE AR
KA F R TP REE KRR HEERE ZAFE G TRAT ) R AT
ERCNY N B e ?ﬁ—'ﬁﬂ:ﬁ: P TR KRR AeRl 4.1 1R BoiE B AR R
DEM i * 1 &7 fed]iF2. 5 m DEM 7L o 558 Ferk o 2. S ficFpl p) 249
AR ML e oo P ERHES Skt 3 2 Carsel and
Parrish (1988) p #74% 41 2_ &) F 3 + (sandy loam) -k & s $-Hc @ o

412 RoiHNiERR 2

ﬁ:i“ﬁ])‘ EEEEN AL TR L RRAAER Y Z A mE > A S
B SR 2 FA T AR T R S FEPE RN T2 B
o B FAR B AT o M TR e A B Sl AR s Sl
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EAVES UL S 3 F 3 ¥ SRS ST &

EERER A2 F¥

}%f{' \&7 Kg'(s A"L K%ﬂl'—;—l—-"]\ _Eil"'ﬁ‘(]/) ’éﬁfr%ﬁﬁi/\

\V‘\ﬂ

(6)° R i AR 93 & AIHh HRE2Z FHF LTS FTH - 12
kd ErhirpE o ERa R A EAEER 241 8RB 424 595 Fa T
&2 BfEB ERpPFR S ARO3£8 Y 23p 121 25 11 £
- A8 ) PF o WP A 96 ) PF o k2 B i F Bk 5 9.81kN/m o & frkl
% % "k £ (6,)1 45 Carsel and Parrish (1988) i3k 5 0.41 -

RERBRA P2 fi

1. dedad Tokie(d,)

AR R EENE TORRE BT B Y AR Tk
ﬁ;;\‘ﬁ’%ﬂﬁi'ga?" %QZ‘”—H}';‘;}{Z""&P/'T }\va7 l%}\§7\< ?}iﬁ’&lﬂ\'}ﬁ' @
23 & % (uniform distribution) » &> # ] 43+ A 5m > TR Im 2 B - k%

T] »
3

£

TR EEA L 42
2. B R (a)

R ¥ 13 d #oie § 42450 (Digital Elevation Model » DEM)# Az Arc
GISHrfgtaz 5 v W Ef- At Y R A2 B BEF DEM 2 £ B354
@ ¥ 335 4 (Root Mean Square Error » RMSE) % 3% DEM 3 24 & 2 4p
B cE > 22 RheT

n 2
RMSE = leg (4.1)

#Bd o5 DEM ZRIGEA o RIE & 8 L 2 77,7 - DEM 75 5 Rl 218

22



A2 ¢ rid o 2 SE AL (random error) o d ATRESIEL LG E P RAM > A7
M AEBEE AAFLT ODEM 2L THEY BEK G 00 RF LV IS
ES

o, = J Zolemn) \/ 2.t (4.2)

BY >0, 5 DEM 2 RIFA ez L > 4P
DEM & PIF-Z e ¥ &4 07 o

358 o Li (1992)4

1,\1’{

el
ETINS

PP b2 Bk YR DEM £ R Le2 BEF R AT £

DEM__, = DEM +&; £~ N(0,RMSE?) (4.3)

real measure

H?P > DEM,, % 5 B ERIFL2ZE T 342 DEM e = F BRIE2Z B2 ¢
SNEH A o 1345 Li(1992) Bk & ¥ A TE o

7 I DEM j245 Rt R 2 355 44 4 48 Tt 42 L ¥ B DEM
FAVTRHE R 2ZFE > 2 BN E5mMDEMf2{7E ~ 40 m DEM 247 & tk 47
FHEFEE2ZAR TR AR E LA L@l mz 5mDEM > 1 2 5m DEM
TR B~ 40 m DEM F o s 470 T 1295 37 (2005) 2 77 B3k # RMSE 4 9]
% 2126 4r 4.152 -

fI* DEM3* B8 k2 225405 548 ~~ L ArcGIS st p 22 ~
Bl AH R E AN TP R E - RRERGTAT N BRERELFAT
Fpe s od WHRITRE2Z DEM 2 REZ e~ 5 55 2 RApM L BRXE R
WA e & - FF =¥ 1 (second-order stationary)(Cressie, 1993) ~ & & {4
(isotropy) » 14 % Z ¥ & % £ #c 5 4p # 3] & (Wanger and Gorelick, 1989 ;
Mylopoulus, 1999) » #7127 RF 5 B 4 (spatial variability) z_ &g % % #icdp 7 &8
TR aiE- g E o 25 82 2 % B #ic(covariance) W 5 BLFF 2 FEAR
P Mo AT AT
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Ele]=u (4.4)
Cov[g,,g&—afxexp{—@} (4.5)

He » i@ jil L 2B 280 y~o, 4% 5 DEM ER3RZ 2 ToE 2%
540> T AI* (44 E@A5)N KEE G 2 AP ERIFEL o BFF
(43 KFEF R Bt ArcGIS "BE2HE SN B2 Y o

Al| 588 [z BEAE > a 5 KT ARRE ¢ R o Bt BRI AR B <

3. 2 &R (d,)

4o@] 4.3 #77 - Chang et al (2010) 2 Ft & B (2005) 3 58 gl 2. FTAL e i 4
BBz %3 PAcR 4.4 2om a2 2 ORHEGER PR R 2 B (Ao T Ao

d,, =—0.0716c +5.6563+ & &, ~ N/(0,0.3076) (4.6)

HY vd, 72 R ER a s8R g, 5 FAELS T2 FLIE(TIZESL 0
H®ZL L 03076) c A, B R~ RERT L AR F 4
BERVERIEF R Y BEFFALT 0 5d (4.6)5 REF o

\\Xy

4. 3 3 Sk

#F A E(G) G e BEEL())E G RR (C) R TEEr 7
W«@%¢aﬁﬁﬁaa%ﬁ&%?%PiJ%&%i%%ﬁﬁ’ﬁ?ﬁ
B¥ed(4)~ F 2niRE 4 (C)1 % % A 3 #1394 Refice and Capolongo (2002)
&ﬁé#@Aﬁ;iﬁwimJﬁ$%§&&ﬁ%Hmﬂ%nﬁﬁé#@Q
o Hpziimz st Bt 4 420

Christian et al. (1994)¢2 Husein Malkawi et al. (2000) & 45 ) B ¥ & ~ 3R
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B E R AR AR M) @ W S fvk > @ Chenetal. (2007)
SR A NGRS o eRr e TR Moo e A S ERAPM TR L
FERT T ATMEALL T o kA o B BEE RS &2

BWEFR L T AR o

5. iF-kd &M

9

#e

beferk 4 @ BE(K) A F R E () £ F AR TIF ()T
in (N )z B %% 5 Carsel and Parrish (1988)#74% 112 % % £ fhficiE"L -
ek 43 L et 2 A B o 34 T4 (N ) e 3 # & Johnson
system 2- LN(lognormal) ; -k # & ¥ % #c(K,) ~ R4 7L 2(6,) &5 #
it T3 (¢)e s % R Sodic 5 Johnson system 2o SB(log ratio) e -k & 41 4 #c
2 Kb ER O TR A 420

%‘”gr.! it % % 3% (orthogonal-transformation)#-7 £ 5 4p B 142 4% A 3% 5
2 AR M2 > ¥ 1% Johnson g ggdk > 5V F AT

LN : X=exp(Y) (4.7)
SB : X =[Bexp(Y)+A]/[exp(Y)+1] (4.8)
2P > X 57 4Pk L2 Johnsonsystem & @ > Y 5 & 5 AR 2 F B A TR

Ao A G FBEATUIZ T IROB R A e gt SB A i 2ok 4 B (K,
_UQB;%,TwAgo;ﬁ%@ﬁg¢§MLuaB;0n,TWAg
F A F1 5 (C)UB % 0255 TFLA G 0o

4.2 B3k & B A5

A0 RBKEGT PR 47 07 b DEM fR45 R T 0 3 e sl R HHIE
R SHOTR R WY &R BRI W 4k 44 Bk

BEG A o B2 K Apst R 3 B A B BIEREAT 0 R
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BESEEE S S0 RN S LR R AR L R

JURE TEN/PY. ST
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pEp(p/?)| FFxi(hour) [FF £ (mm)| p #(* /p) | PF%](hour) |PF= & (mm)
8/23 12 4.5 8/24 12 14.5
8/23 13 2 8/24 13 23.5
8/23 14 1.5 8/24 14 17.5
8/23 15 1.5 8/24 15 18.5
8/23 16 1 8/24 16 12.5
8/23 17 8.5 8/24 17 28
8/23 18 12 8/24 18 42
8/23 19 21.5 8/24 19 28
8/23 20 9.5 8/24 20 46
8/23 21 4.5 8/24 21 66
8/23 22 13 8/24 22 44
8/23 23 17.5 8/24 23 57
8/23 0 30 8/24 0 715
8/24 1 25.5 8/25 1 60.5
8/24 2 15 8/25 2 57.5
8/24 3 16.5 8/25 3 53
8/24 4 6.5 8/25 4 59.5
8/24 5 14.5 8/25 5 50
8/24 6 42 8/25 6 40.5
8/24 7 37 8/25 7 30
8/24 8 14.5 8/25 8 12
8/24 9 14.5 8/25 9 7
8/24 10 27.5 8/25 10 4.5
8/24 11 23.5 8/25 11 2
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