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Investigation of Regional Risk Analysis for

Rainfall-Triggered Shallow Landslide

Student : hsien-Yun Lin Advisors : Jinn-Chuang Yang
Yin-Lung Chang
Department of Civil Engineering

National Chiao Tung University
Abstract

Rainfall-triggered shallow landslide is one of the major natural hazards. Recently, the
infinite slope theory combining reliability analysis was widely applied to assess the
grid-based regional slope stability (Baum et al. 2002). The advantages of above method are
based on sound physical mechanic and accounting the uncertainties of hydrogeological
parameters, simultaneously. However, for a specified region consisting of several grid points,
most researches accounted for the slope reliability of each individual point, and ignored the
influence of its neighboring points, thus, the overall landslide potential for whole region
cannot be quantified. In this study, a framework to evaluate the regional reliability during
rainstorm event is presented which explicitly incorporating the spatial correlation between
each grid points.

According to Su (2007), the cohesion (c), friction angle (¢), unit weight of saturated soil
()sa), and saturated hydraulic conductivity (K,) are considered as the random
hydrogeological parameters in this study. Based on the assumption that the spatial variability
of random hydrogeological parameters are second-order stationary with exponential
covariance function, the spatial correlation of uncertain parameters between each grid points

inside the pre-specified region are accounted firstly. From the “Rainfall-Triggered Shallow

I



Landslide Model” developed by Tsai and Yang (2006) along with the first-order
second-moment method (FOSM), the statistical properties of safety factor (FS), including
expectation, standard deviation, and correlation coefficients, are quantified. Furthermore,
based on the assumption that the joint probability function for safety factors is multivariate
normal distribution, the concept of “series system” is adopted to obtain the regional reliability
(i.e. the reliability that all the grid points do not failure during rainstorm event).

To examine the accuracy of proposed framework, a hypothetical example is utilized. The
examination is conducted through the comparison of the regional reliability calculated by the
proposed framework and Monte Carlo simulation (MCS). The results indicate that the
multivariate normal distribution assumption of safety factors and the FOSM are applicable for
risk assessment of landslide, regardless of the uncertainties degrees of hydrogeologic
parameters.

After the proposed framework has been examined, it is applied to the Shihmen reservoir
watershed. From the application results, comparing with the traditional methods which
determine the reliabilities for each individual grid points, the regional reliability is more
suitable to assess the overall landslide potential for whole region because it incorporate the
spatial variability of hydrogeological parameters and the spread of reliabilities among all the
grid points simultaneously. Thus, the proposed framework could assist the engineers outline
the management priorities for different regions according to various degrees of regional

reliabilities.

Keywords: rainfall-triggered shallow landslide, second-order stationary, First-Order

Second-Moment Method, regional reliability
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B apF o 3 8> 22 L B # ] cChenetal (2007)% g 2 3 14 5 ~ B i
REA SR ER K AEZHA L P AT 28 )

R ER G RNV E R e RIEHETT AR 0 BEN A
FHLF RGPS 232 RE2 2% S8 L L8 o K007 64
ML T B T PR Sl gk TR AT

= f""‘t‘%g:’fs—”\ i}i/’v\’ﬁ 4L

d Ll &2 dcib v e § L BRI RER LT 2R B
WAL REV AR ﬁ#iua'vﬁﬁﬁiﬁﬁ%?°%%
Chowdhury and Xu (1995)%+ 5 — B3t kv R 2 4t (T h v LR
B E - BARAN T RAAET MY XA RARAN R T2 A
MR FI AR PR o FR BRI TR L - B A Pl
e AP RE AL TEMPHEREET ARSI D EFa 3 o
FB(EHRR)TRAARETREPN T - RREBL A LT RANE RS
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R 2 #E’Eﬁgﬂm‘_ﬁ"g@ﬁ FRE P T;‘vg—ﬁ— B g B, kA jt.}i T EER
¥ fE- ; fd‘ jE\;/I ?ﬁf’;{/i"'\;: AT ?;EE[ r/-l— ’ 1}:)1 313
Sl f A AR HY & % G4nEREE#-(2007)2 Liu and Wu (2007)4 4%

)‘1

P
&
ey )
il
N

P A0m x 4A0mE 10m x 10mz et | o aptFRT "7 B2 T
& AR B AF 0 18 R (2006) T ¥ % 35 5T 18 F-(random field)IT % 45 it 2 3k &
Bz ZRBEM TN SBZAAREHETIRAEF T LRI LR

TRy T iz FARM L AT R ARASTE A0 H TR 2 4p
3 0 Bl4e Chan (1994)12 2 Feyen and Gorelick (2004) % 4733 7 fe 3= & -k £
e R TR BN A fd] Bh(control point)¥ T oK F Ak R 5 R R
B2 ¥ 3 & ;@ Chang et al. (2007)E 4% o+ &k TR & 2 TRE 1T
Bt BB RS 0 TR R Idge kTR R REZ T AR
wAZE 90% > AT FAlEe B TR WP R RE2Z ARV ARAVR
BT 90% 0 P gy B S Bic® R 4R & (variability) 3 B o

M B ETAAMAT 20 0 PR HEFOIE - AL R LA
AR T2 ARV AR AT R AL BRELEHNNP T RN
Chowdhury and Xu (1995)F1] * &1L fir2 &7 — FF = R 4B b P54 g 3k A
(embankment) & f& B 2 38 B3Rk G =¥ 2 HBORS S DI B R A K
2 v iR :fF, B AR RT AR AIRAEAM G FHEm T
PR 0P ARV AR MY BEAERG 2V LA -

13555 % 2

d o g2 A v A EAEH BT T ARSI AR E - R
B2 PR A AT ER T ARATF Y2 MBI E R FWY L
Bo%® FOSM £ 4 2B pPigz BBl ¥ A BT T AR 54

=7
+ RfE AL R & (BRI 0 2007) 0 F A # < #-12 Tsai and Yang (2006) 7%
Bzo T a sl 20 % #3 2 F3PR 0 ) B P 2% 2% FRFA
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PR S e I BRAE - H % FOSM =& % IF 2
%> BBz SRS E THAaIFRE R ER RB R %
AR U RER PRI FE TR AP 2R SR RS
Pl T R T B R e T R R R T 0 7RISR FOSM 2 i 7 (g A 45
S EiEZ LM RS L R ELA SRR L RERKRE 0 Y

B AL AT 1 ARG 8 0 AT s Bl 1] SR o

Ko A 5T F 0 M T i

s

—~

SR B AwmY LB Ra D Twipip Ty LR
= FaiE Y o R TE R g N I S
EREER ) 2 BHE R ER G R L SR - B2

B R T AR A

SUEZ P A FE Dl e B R AR F0ENA B

F e REBLL G AT RRE O 25

AT EEF N IEG ‘Jé/:‘%i"'ﬁﬁ»i’?! e BT f— S R
J



$-F WHA#ZI S EER
A E A AT R 2 SRR 4o R 2-1 ¢
20 %R FH P X AR IFTEHNAH A

- A TR e R 5 A 5 Y R IR L A AR R
B2 ¥R MR I B rUEH e n e 2 2 B E R T IEN R A
AR o BrUEH I BRE R B T o ¥ HEIER G
WH R PR RE R R AR 22 T 0 F fz‘a%i@s B & AL 2 P
(Mohr-Coulomb failure criteria) » 14 4 & fFE 4 3+ 8 % > (e 17 5 2| %] H
AT EA ML Yy S - AL EEET 2

W g2 BT & Rk S £ (loading, S)ATiE & rE it 4
(resistance, R) > s * ** & "V e o7 I K €4 A4 2 T4 8l
BT R RERTRR), W R L PRz Pl hpEiad o5 EY -
Tehe BT R RERI PN THRS > B TS B S RTRAE
AL FE A 2 e o Tt b 2 u 8 % 2 (T S c(performance
function)¥ 11 A {6775 £ 71 ¢ (1)3 H4T 5 RRE T4 (D)2 > 3
T rTGREFES) F FS )t 1 AR LA e g4 3 (2)2 T % ER)
BFTFAWL) 5B AORFR AL M PR AR - F L FS 2 &
GENECS A S NE SRR 'Y T E I S

I TR RS THTEE 2 B USRI R EFRR k2

PETT R EAR B FIF AN o X 2R E ST AT AT

FS:tan¢_ w(z,t)xy, xtang N c

tana  y,,xZxsinaxcosa y,XZxsinaxcosa

HY s FS A% >l ga 23PN BEE Ja 5 8AE S Wz, D6 F 3=
Ls

W AT oz o % 2 B A K ER (pressure head) (L) p, ¥ oy A B B B T ok B &
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frd B2 H =€ MLT?);Z 5 2o a B FRL)c & 2 AR S (ML'TY) -
a3l o~ %27 Rl 2-2 °

BNQI)Y RS REEZFE S G o0 BRI EAE o BB A a
A rF2ipd AN T A7 A

% = D, xcos” & x 22% (2.2)
K

D, = B 2.3

s 23)

U Koy w8 ok 4 B GHB(LT) G 7 C(p)= bl B> & Cly)=do
[dy> %7 7 KBE(O)E RS REE2 W (8 o KRN (Q22)» Bip#] 2 54975 2
RN SER I ) W SR

i 12
w(z,0)=(z—d.)xcos’ a (2.4)
5P o d ARy TR (L) e
R iE
Bk BRI - 2SERFR > PIEREET B

ow(d,,,t)

P cos’ a (2.5)

PP od iR EERDL) -
AndAegRhiEEG o TEIFE B ERRE 7 AEK

R 2B A B ARG FIMRS RS T E R A

aw(O,l‘):_éz tcosa  if  w(0,0)<0 and t<T, (2.6)
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He Ty 5 % & 2 pr(rainfall duration) ; I = "% & 38 & (rainfall intensity) o &
RRAKFFAERUEPRFNF LN ENT S ATRENZDEXRLIFE T
B T - pFRE R4 REE X E 0 A7 A 4 & % (pounding)Ih % 0

FER 2R N Y R FEE AT 2K i (overland flow) s

R
g“
_ﬂ

o Flpt e g AR R A5
w(0,0)=0 if w(0,6)>0 and t<T, (2.7)

FRRARE S H e pF > RS RERIEH R B0

%zcosza if  t>T, (2.8)

dATE AR A BRI S AN o R I R S kR
&4 -k EF - F]t Tsaiand Yang (2006)F1 % § "AA %2 = im0 %3
T
22 HFBR G AT BB
221 8§ S oA 1

éﬁ% LA\’}:'—/]‘7 1;‘\.%]9"‘3 IE_J—J-; ?&g’i‘u'u#gflﬁg ,ixq,v\,%é T Lrﬂ

Booxea RFELHFRETHEFVE R E LI~ S S

- RARLA RIS b RFRAEAAIRE TG AT T - T

\\\

== \mL

G AT R R 2 B BT AA T AT T AN MY R AT 20

=
\\\Xy

P B F AR 5 b & ]+ (risk sources) ©
d 2.1 & Trasl gy ¥l 3ot 2 847 o 23650
'%?gﬁﬁﬁéﬂ@k%@%ﬁ&m@ycbny%&#ﬁag
(sar) ~ 52 H A () B3 & (95 > Fr3i4-(2007) % & A6 L8 3 42 T4 $574p B
Frr2e T 2R AL FHENFEE L £ 2B

<
T,
I
(ﬂd\
Ny
Jﬂ
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2Bl AP HRHE YR AR TASEAN S 2 ki W

IR E AT o

P ELTHRRE AL

Al gg s SEAT LG AR > AR K2 S
B a i T2 F]F 2 WA TR EE 2 BRSO 2 L
AFER 0S¥ T B R S8 d Iverson (2000)2 & * & R 2 F v
2 RPN DT AL n RIpE MY o ook B E G
(K ~ 2 8o d 028 () ~ SRR (02 B e ()% 1 [ S 2 st it
TR BT & 2-1 814 22 o o
Ryt 2-1 B R 22 Bop oo Apfekd BEGEERRS 2 REARRE B
<o B¢ InKg, 2 1REAL R FRAR T 04~2.60 5% 4 2 %2 Tfik(coefficient
of variation, COV) & 7 i 0.9(F#H 2 0.9 2); & 4 Heefod = F 4p st
e BRG] o AT ZO00
Bl 5 %R Sl 0 Gelhar (1993)4p 1 &7 fook 4 @ 4 fhdic
VOBEK H BT A F(lognormal) 5 @ BATY v B RE G B AEEL G
A G
iz 5 Chowdhury and Xu (1993)~Christian et al., (1994)% Husein Malkawi
et al,, (2000)2.F7 7 » 2 FL{rlH =& ~ WRS S RBLT 2 pM AT
@ ¥ 4ers Zvg 5 Chenetal, (2007)dp 1B ARGRR 4 U R B d B3 TR
B b TREEApMEFTREL L ERT >V EERIAI B o &
AT BRI EarE 2E  JR > Bt aafokd BEGET I

FR3i 4 (2007) % A B ] * B 2R(local)s? £ 8 (global) AT & & A 47 0 #F 3 2
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BaECE mF C RBEA - BELEE ok BE G BV HT > Gk
PR RBEAFT IR PSRRI P BT 2 E VR

RO BEL L O 2 R AP E A LBF A Y & 2 i

AL R ESAE AR Z2 0 XA F P EL 2 REE AN
dg e mER SR > RET R APM c FTRER A BB AR

(transient state) » P& fo-k 4 B FE R % > P L5 3 R 2 2LA 4
B % ook 4 W it 107 ~ 107 m/sec FFRF > H R4 REFEF >
Bz RFREE YT E SR

‘;\\]

FEM R FAEA T ERERATZMATL RS AT
FEEL SRR EIRECECEZ T RTEHIRBIIERS 0 @
fr-kd BEGERMP TR R LRI W B 2 2 Y] B
BARETN S pE R Y R A B o E - BB SRR B e

«fr,J\J @;ﬁ. aﬁ;; R e F]F o
22 ¥ FREZFRELAT

o p R ﬁ%rﬁ,ﬂ%’éﬁﬁﬁ#ﬁvf B AR i e

(heterogeneity)2. # 5 » & L8 & 5 7 B % & |+ (spatial variability) - & st 4
B Sz 2 BRRELELA$T S BEX B E - IF T F I (second-order
stationary)(Cressie, 1993) > EZRRRAP 2R EADE E TN

F-BEFARE X RPN EA B2 X %R #ic(covariance) W 5 2L 2 FEAE

PIE e G B A a BEr 2 R ER 0 M EEAN A TR A
E[X(s)]= u, (2.9)

Cov[ X (s)), X (s,)] =C(|s1 —S2|) (2.10)
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5

e s E[]2 Cov[]~» % 28 B2 £ %R #iF H 5 (operator) s X 3 & 5 1
S8 ®&&J%w4ﬁm‘%@JWéXi$2E:Céi##%
B 3 fic(stationary covariance function) o & C(|s; — s,|) & 3 = ZLEEARSF ¥ 18 2.
S PIFE & %R S8k D F ¥ w2 (isotropic) ©

MR EG 2 Pl R T a2 BRI B A
EomEEFARTEA IR AT KT A R2LIME  BRKE
- F k2 ARA Bt e cE rE B HEOkd BEGERS S
FRREAMEPE o TFEY LW X %2 3%k 3p %A & (Wagner and
Gorelick, 1989; Mylopoulus et al., 1999) > @ % f 3= & B| 5 & fp> > 77k
REHEESNE PR KN > NQ29ENQ210)F i

E[X]= (2.11)

ay

CoV|X,, X, ]= 02 x exp{— M} (2.12)

B > R AZRP B XV ALARS  BEL A gecE
BHHCRY BRI e Boy A W EEREL Ay |For BT BB
Jj 2. BEHE S ay 5 KT 4p B % & (correlation scale) °
HYREEpP I @a s o RRArg 2 AEw Tl PFE %
WAL UZ AR R OR o PRI B B A R R HETT I NQIDE S
(2.12)& 8 -
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BERAITEER 2§ KBt 2 rEaficf ﬁi%l:': FSgq % N 38
%T?}ﬁ{XN,K’—‘“r-E?%K v | FSle ¥ & T .‘3 .
X1,1 XI,K

FS=[FS,..FS ] =f(Xy.)=/f] I "~ i (2.13)
XN,l XN,K

d QD% >GREZFEN T I R X >GERTEGRR
Bz B SEG Mo a AR RS TR Pl T ek
B% >%8FS, ¥ d 58213 it 4T ¢

FS, = f(X,, )= (X0 X o) (2.14)

#-FS; 11 % 3 # 2 Ye(Tayler series) & Xo = (X .., Xy ) B B > ¥ #7540

(g
FSk:FSO’k+Z[a ; J (Xn,k—Xno,k)+

n=1 n,k

(2.15)

1 N N
EZZ(GXHﬁX J (Xi,k_XiO,k) (X X/Ok)

i=l j=l1
Xp

HeY s FSor=fxp) e M2 =02 FFFE o F LN Q2.15¢° = s

v

2 BlgIm o RV - HHIE

Y 0
FSkzFSo,k"'Z[@){ J (Xn,k_XnO,k) (2.16)

n=1 nk

79(2.16) 5 M2 A750 0 F]pt kg Al & (linear combination) &t 32> FS),

(w
‘ot
=
B
=
=
™
|
EIS

Y 0
E[FSk]z FSO,k +Z(&X{[ ] (:UXM, _XnO,k) (2.17)
n=l nk Jx,

o o py b B kR y nif e ooz e - § BRL:

16



Hy, = Hx,

Xg=py= 1 . (2.18)
My, = My,
BRNQDAEXNNQRIT) B L > G2 P ET AT S
E[FS]=[FS,,,....FS, .| (2.19)

Fs - tan(E[gbk]) B EI:l//k (z,t)]x 7, X tan(E[¢k])

0,k —

+
tan o, E[}/Sdlk]xzk Xsina, Xcosa,

E[ck]
E[;/Smk ]ka xsinq, xcosq,

k=1,..,K (2.20)

% > ks R RE

g 222 &orit o o e fil

\\\?{r

BB A
gz £ >GEEAVF ST B Rt ¥ B2 T 5 RPN
SRR B X PG ERRE R AT S

BRI KRBT

Cov[ FS,,FS, | = E|[ FS,xFS, |~ E[FS,|xE| FS, | (2.21)

RQANERLRE oY > L RELIPZ ET E BT X (2.20)4
i m BB RE - FRT N (Q216)i— H e EheT

n=1

FS,xFS, =FS,, xFS, +FS0,><Z( f} (X,,—X,0,)+

n,j
(o
FS‘”X;(anJ (o= Xon )+ (2.22)
N a N a
o) o daE ) o)

RE fo - ’\‘(2 22)B’~ﬂ}9 e
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n=1 aX i

n,j

E[FS,%FS, ] = prg % tizs, + Hys xi[ of } (0, -,
Xo.;

s z{ g } (1, -X,,) (2.23)

n=l aXn,,‘

N o N )
+Z{yfn,} ZLX—J(] E[(Xw _X"o’f)X(X""‘ _X”ﬂ”ﬂ

n=1 n=1 n,j
S ’

BREBEX, Ao 0 AT

n=1

E[FS,- XFS]J = Hps, X Hps, + Hes, Xi{ g } (ﬂX,,,,» _IuXM-)
Xo,j

n=1 8X i

n,i

it z[ a4 } o (2.24)

yIog vl
+2{67f} z{yf} Cov[Xn,i,Xn’J

n=1 Vn=1 n,j
Pl% > Dhficz X % RV &7 5

Cov| FS,.FS, | = E[FS,xFS,]- E[FS, ] E[ FS, ]

> 2 g (2.25)
:Zd{a)é,l} {8)2,; jX COV[X"’i’X"~f]

np i

FREBPPMEG KBREL X > %2 & ¥ 3 #icseL (covariance

matrix) ¥ % ¢ 4o
C[FS]=S'C,S (2.26)

BHPY »Cxa¥ Tz 2 FR2EEL . S=Vxfli) > BHE 7407

of [ 1 _ E[l//k(Z,t)]X]/W JX(SCCZ E[¢k])} (227)

tan o, E[ywtk }ka xsinq, xcosa,

(2.28)

of _[E[t//k(z,t)]xm xtanE[%]—E[ck]}
O s,

2 .
E[;/mk } X Z, xsina, Xcosa,
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g ={ ! ] (2.29)

oc, E[mG ] X Z, xsina, xcosa,
F | 7, xtan E[¢] (2.30)
oy, E[;/mk]kaxsinakxcosak .

B BN T

| | |
/A 0 ! o 0 ! 9 0 ! g 0
a¢l : aj/satl : cl : al/ll
S'=| i i1 : B S A T 1))
| | |
0 .. o i 0 .. ii 0 ii 0o .. o
8¢K | aj/sat | aCK | al//K
BOAR T R £ PR AL R R A ) R T
by b Y- 2 0 lo - 010 0
SR . = l F, ! .
S ) : ! | :
Oy o Prx | O gD e 0 0 0 e 0_
0 O i ysatll 7/satl‘K i O O i 0 0
b AN i :
l l l
C 0 0 : }/satkl ysutKK : 0 O : 0 0
T | e
Do - | Do :
l l l
O - 0 0 w0 tekn okl O 0_
0 i 0o - 0 i o - 0 i Vi Yk
L I :
0 0! 0 - 0 10 0 lye, - Ve

A (22001 58(232)% > HhlkE R HEE 2 P EY S I mefeE = F
AR ORBLES TR DY R RB KT T AL ¥ T il &
FRHELT A 222 582124 F a R4 R BE X F B i

IR &- 45 -
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BAOKFHLEHE LK

$OTHE BRI R (RQR)Y 0 Bk B R RS L A A

L2 %&5&& R4 ke w = g(Kaa)

‘:'l mﬁi;g“’ml« \(22)_]_
(2.8) ° I RIVARET _E}L*ﬂ

1&%&&& BR A TE > G EE2 2 R
dOREFZ MY EE EHRET AT heT S
Elp,(z.0]=g(E[K,, ) (2.33)

_| _og og
Cm{WKLO#Q@Jﬂ(5E;JqK](5a;}[ }Cm{Kw’KwJ (2.34)
! sat; ! JE|K sat j

o fok 4 BE GEL DY@

-

Boedvo FIQRS R HYE

Elp (z0)] 7 2 &A% T a5l 8 #3  FEa N ) 4ot ¥ o

I:I:’
BRAOKEEE FR 2 E S G 0 UBEMA T - pEP L L AR
Oy 0K » B EART 27 S

5g g(E[Ksat ] saty, ) g(EI: satk}_AKsat,\.)
_ (2.35)
aKsatk 2AK

saty,

in! P AKsat%"ﬁ_‘ Ksat% //‘%{’%'Ji%fg °

~~

St ook 4 BE Al ¥ S B HL © (R 2.12) 0 e N (2.34) B R

KEpzZ X BRI T A e fork 4 B Gl 2 R R B 7 I_L'.q’?%ﬁd -
FaE TR

Ju

Corr [ln(Ksmi )In(K. )} _ Cov [ln(Ksat,. ) In(K, )}

O-ln(Ksat,' ) x O-ln(Kmti )

(2.36)

exp{Cbrr[h(ﬁg%),hKK;m)}xCﬂMKW)xcﬂm&mj}—l
Corr [K K _|= : i

Ko 237
\/ exp [Uli( Ku) J —1x \/ exp [ofl( Ku) } ~1
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COV[K K, J Corr[K K, } k., X0 (2.38)

sat; sat; > sat

A9 Com{]® Covl[]hApM thlier £ % B #ic - i (52 trfok 4 18
B RS (238K A F 234 TE P H IR KL K B o
KE‘O

224 BV AR A

i ¥% Mays and Tung (1992)2_ €_% > % si(system)d_d 5 i

)
>
as}

'ﬁ'_\\

"

)

(interactive)2. H - (component)#t i = 2_ & & » F]} k3% ¥ LR f
BEALp27 R ARG MG "XHE AR P2 AP TR & 0T

3]

F Rz AP AL ¢ o B Bi(series)¥? i Fif(parallel) % 5t 5 ok & 2. 3 &7 5

—_
-—\

!

\“"

PAESEZ ALY T Ot S FAANZ AT B A A o TR P OB R GR k Sep
Eim- BE AR TS EREB AR @ TR AT R RSN TG
HAYFABE] € ERINZEE -S4 HRBIE P WP A7
TE ped - B Repegirig 2 IR ERE D H KR RARGEHF
B Tl N & - O 2 34 MR 5% TP I Lo

T - Bd KBREIRRY X2 T3 B Fi it % kBReEE 4 HE

RIS- T s A2 i L K Biepe? 205 - BAL #2557

K
P =p(FUFU...UF)= P(Uﬂj (2.39)

,,‘F_'\ZJ’P

Y
S osys

BEE RO 4 NI

K
P =p(F nFn..nF) =P(kaj (2.40)

H¥ F % Fo2 54 % 2 (complementary event) > 7% 3 4 #3% o d 3ty p
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B A E DGR ] T MR TP NQ240)F B S

P =P(FNFN...0F)=P(FS >LFS,>1,..FS, >1) (2.41)

S,8ps

d 223 5% > Gk FEHAPTZ %7 o0 & BREJL > KT
AT FILRBTRAR T AT A
P, =P(F)xP(F|F )x P(E|F, E)x-x P(F K F, Fy )
= P(FS, >1)xP(FS, >1|FS, >1)xP(FS; >1|FS, >1,FS, >1)  (2.42)
x---x P(FSy >1|FS, >1,FS, >1,---,FS,_ >1)

P, =[] f(FS\,FS,;....,FS, )dFS,dFS, ---dFS, (2.43)
11 1

He 5977 Rprhx > %k B &85 % & Sdc(joint probability density
function) °

A QA ERBTIAAC TR R EBI BRI 2 AE
g (007) 2 T T B - R R EEE > Gl B3 %R Sl 00k

Ao AP E-HEXR B R E Y &4 F (multivariate normal

distribution) > F]#t ;8 (2.43)F 2 B 5 ¢

Svys = K
2

(2r)
.--dFS,

N\—-

'!‘! '[exp[——(FS ~ Hps, ) x Cpg x(FS, ~ Hps, ):ldFsldFSz (2.44)

FQR4A E > B PR BB R PR EELT 4 U] 02198
(220)FF " REFFLHEFAKITTTEFTRET LR - 2L HT
Alan Genz (1992)#73E = » ¥ B H B LB >0 B2 2. S R EREF &
A B SR 2 B A0 P AL T4 A (definite integral)¥? 7
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T_f# ~ (indefinite integral) > * &v 35 5 % #c 5 i 500 B2 ff 4 & o

2.3 /]

ik

Hd AFE L RBBR G R FTES TR R
?i@’ufggaﬁiééi%%%iaiﬁﬁiﬁrﬁ%:
(NFFL 1T HRBEFT? o B2 o T > fgEfe et X TS - 8
%%yéﬁﬂ,w%%%@\3@@§\a§\k%%1«aio
QT ERGEE > o E R E CFER LR RPFFE A E
()14 R IRR LR A Ry Sl M e Y BRI -
(4) BIps(2.12) 355 & - by il £ R B .
G) U To sl 0 % #3h R F 3P BN ) fe b - FF S AR RBORA
KEpz P B X %R e o3V (2.33)8(2.34) -
(6)F1#* 34(2.19)8254(2.26) » fir & & e Bhy B S BB RS K2 P H EE
LR P E R E >R o
(7)F1* 3 (2.44)pe & ﬁiﬁﬁ,%’f%,’fi'{gijé > el szt > 12 Alan Genz #1
BRI EREF A G EHRUFTE RSB Y IR
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FZR RBERSA R

T IRBHEAGAIT 2 2220 5 3 RBY - PF- R
G ST EHE TR T ERL2GEH LS EBIDAR S
'E“ g B f B oo ﬂ\_g_ig—’f %{é 1;1]1511'}?']%‘5 ’

WRATRE B2 A 2B R R PR RS 0 U R - P R

PR BRIEFE A Sk K o BRI WE e S - A (B 3-1)

5 % b M 5 fEE 76,800 T 2% (7.68 2 )z TG
T (RN L 3x4 H 12 BHRERL(F 325 - 26 f 5 80m
Om e % g+ 12 8L B {74 4773 ZREE ©

X
o0

o R S

rrs —

= g4
7+ :pfgé’rnug_

LR PR A A2 F 5 s B (2005) K-

BIEALER AR A L7 o o) 33 07 o RHAFY
AR AR Be A u T o A Ak b Az B
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