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Predicting Rainfall-Induced Shallow Landslides in a Basin with a
Water Content Index

Chen-Yu Chen™™"  Masaharu Fujita™”

ABSTRACT
fall index based on a statistical model. However, because of the low warning hit rate and lack of definite warning in-

The existing sediment disaster warning systems in Taiwan and Japan are established using a rain-

formation, they are not fully trusted. This study proposes a new landslide prediction model which adopts slope units
as stability analysis targets and integrates a physically-based model and multiple regression analysis as well as used
water content as an index for landslide prediction in a basin. The new model not only predicts the location, occur-
rence time, and scale of landslides but also offers high performance calculation. Moreover, it can also estimate the
rainfall-runoff on a slope. If other sediment-related models are incorporated in the new model, it can serve as the

foundation for developing a multi-hazard warning system.

Key Words : Landslide, prediction, water content, warning system, basin scale.
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landslide) & " %%J&HR5S | (deep-seated landslide) - 54745 BR
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FERNE - LAk IR & B SEERRUE > EIRFI AR K
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N AT E R B A AR TEUR B S = (AR 2T 6
TAEZ R -

— R T b S FHITHAI S AR KRBT ) R4t
T, (statistical model) JEELYFEME, (physically-based model)

TE TR Hh et =UA R R &5 5 1 & M BTG
B RHE Rl S8 sk EHI Bl B &k &at 0 5TE R
Bt g A Z SRR & > B2 Wieczorek and Glade (2005)
G A S B DR & 5 B e R B s =0 AR H
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S EEIR 247 > M DAERRIER AT £ AR (debris flow) K3E
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Fr¥E (slope failure/shallow landslide) A3y » HEA B EHY
J& (landslide)(Osanai et al., 2010) o fE2HE N T E > HASFE A
R E ELE e EAER% (Radial Basis Function Network, RBFN) - fi
EERTIE Tkm HAEFE B ZARTRIE &R (Radar Automated
Meteorological Data Acquisition System analytical rainfall, RA-
MeDAS analytical rainfall) DA&EEE R TR R4R > G 0A
B Skm 2498 2 IS 2 DS RSN o DR EETT
HTABUR I TEREORR - /&8 HABRITH Tib K FEH AL
& FH R B 080 T A S M A R B (BT HRIE L DL
2008 Z 2010 fFEHYHETEER BB - FHNER % (Warning
Hit Rate, WHR=EH A% A 3R AT SEE A8 D SEF L8
B (% 58.8% (HEHEREF (False Alert Rate, FAR=CL#5 7174
A B AR 3 A ST 2 THETAN 8/ 38 A0 A 2 T AT 48580
Al 83.4% ; [Elf - ZANERMEER Skm EIEAHY 1D
KEE R FHEN BN R — R AT HEURA SR T AU
= EBEE DTS DUUE FERTH S SIS - RS TH TR B
IR TR S FE RS R BIEE NERBES SHILLBIER
9.8% » HEH 58.9%F KECKEARATE (MABE
2012) -

FE AT A2 L b S 5 3 AT B B PR AR B A T 72
KE » BT LR E B AN BUAT  WoRAENE 5B —4R
BFFAUARI TN BUF I EREIESE L2 755K IREI S E A
ZERASE S T BUNE SRR 2 B B T eE A
TRE R BN BHRT (20132) 4t 2007-2011 £ 7 &
K ERBREE AR EH AN 2 SRRy 45.4% 0 &
TGERTRES 75.2% » EIKIE Z BRAE £ 51.6% - fH G H B~
ETESR - B P RUH AR S  ERGRERAI LGB
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N RS TER B > DRSRIR T BERTE (2013b) (i AHP
MGEBT AT § SRR - NSt BT 82 B
BN Z R A S EAR S A B SR i S Al
=IEREFA R T LA B SR T A s S A AR I ey £
TET A FINASEG B (ST - [E0F > RTINS TR A
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PRy AR B SR T R BRI » A B Y T IHILK
HET7 1A TREE SRR e FEH] L b S T AR 4% A AR ] 8
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HYEER o
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BGERIERVERIRE » DIAREHE VR Tib S EE M A
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ZERI AR ALAYIERR A GG mfRE R e o s - 2
TLLA YR R R R R RS 2 AR IR TR o EF 2t
SeHE R4 (grid-based) {E BT B T (Casadei et al.,
2003 ; Chang and Chiang, 2009 ; Lee and Ho, 2009) » [fA#fE
B A L EI ARAY » DLRCHRUAR Ry s ~ 12X

BER I (E ARG - (B ERF SR A R B A ~ P S B
R R SRR A BARE (Xie et al,, 2004) 5 FrAATAER
EAIHZERRHETT (slope unit) Ryor BT » $HEE
(BRI BT TR E S (Carrara et al., 1991; Crosta et
al., 2006) FzAptmTEM] (Kubota and Nakamura, 1991; Wang et
al., 2006; Xie et al., 2004) -
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A — (&5 K& & (Critical water content, W,,. ) E RyF&riHA
fl - DR ETA AU R K PN & R B TR 4 5 35 AR AR R B
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7 (multiple regression analysis) = - MERAVEIEZEZ
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1. RIRExE A X RATEE

FEATRIORE N » R BT 2 MEMEREA > DA T
HB—HF T H & HILAIHFS Xie et al.(2004) A
RN T EKEEE | % > Jull GIS WL & DEM BB
&kl BErEIH— A A 2 RIS EE T - BN ARFIR R
SRR H AR N 15° 8 0 N SRR > AR
GIS #EGIF LM VIERTS - BN A B IR R T 2 P
O B B E 2 S TR D) R i N R B T -
o R B TTI O B R E AR E S B R A%
HRARAEZA R ARRE (0E 1(b) -

KB 2 e AL H A E N a T E0R) 1R R
SRIATRE B 10.8 km® > HUE F F BV ES T E - A ARETL AR
T &5y ([ 15m 2 DEM % mis sl oy by 435 (ERHE
BT (A& 2)- AWt Fra A EIRNASE 5 2+
P RNEEARSE  BENRERRE ST R
Wy LR b a - g0 L - n 4 {EEIISHAFEZ
LI (O 3) » B o BZAEETT R - B
REESEIYE ~ L BRI KGRI - n RYEHE N
TIERER - FrARREETTHY o R L 357 GIS ##8fl& DEM
ERIEBETE L o RN A SR AR B
GRS - SEEEA R 2m o RILASE ET BN AT
RHEEIT a=p > H n=2m -

IS 0 R 2012 4F 8 B 14 HE AT/ 2 5
RS E » RSN AT T 2 T E &R » R HAR A
8/13 19:00~ 8/14 07:00 > ZEFEFRE 307mm ° & KSR & &
74mm/h > Fo b KA =/ NIFRT By 186mm(&Y Ry R i =40
BEAY 1.6 £i%) > Fy—BAISREEFREE GENIT > 2013) o HHAT
% 1 PN 3l S o T PR & ST SR B H AR AT i 2
X-BAND FHZERERE R - H2=2 TS & 285m » BRI
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1 773% - X-BAND ZHif5 Ry R = R 5 2 BT ER 2 - B ]
FeZe R RS E B E 4R . C-BAND 5% » H RN HEIMNHE
PREBEERIERLIE - (E2BN1EHA C-BAND FHEN—
= {E&Y 60km » [H i 25 HEE 15 RS fe = H A o AR K ER
s B R Y - REE KRG I & (R ED R BRI KW e A
2012) ~ zEEH (7> T HERAGHE 0 2012) > DL
2012/09/26 %A RapidEye #2546 NDVI I HEREGEE
435 AP TT DA SRS EREE 5T 38 IR - [
TRIE RIS TR E it R A SRR AR
#I1F 8/14 04:30~6:00 2 [H] -

2. BIFRESHEX

A #E H ET#ED IRIS (Integrated Rainfall-
Infiltration-Slope stability model, IRIS model) #HFCHEI TSNS
TERABEE T (BRIRTEE » 2014) « PEAHEZT) Roldery- ASHssE -
BRETE 3 S B SR BN s = (54 - Hr - A2
THBERAAER ] 3 4k Richard’s equation ZRARLEE 1 g - FLIEUKHY

Slope unit
No. 114)

Slope unit

(No. 119) g 35

Slope unig
(No.376)

Slope unit
(No. 309)

Slope unit
(No..378)

1 (a) RHKETT No.376 52 2012 5 8 A 14 HEM KA
BMZERE (BB 7 > 7 Mz &it - 2012) (b)
FIRETREEAE FIEMRAZRIRETZID)

Fig.1 (a)The aerial photo of landslide on the slope unit

(No.376) after heavy rainfall event on August 14,
2012 [Modified from Asia air survey co., LTD, 2012]
(b) The paradigm of the slope units and their aspect
(the red dot is the centroid of the slope unit)
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R BHENFEERSTRENERRE LG F, - B
% Janbu J£5K, Spencer jEE VIR 7iAi 57k - R ETEGR
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$H#EE (Dynamic Programming method, DP) 45& 88437477
SR LR BB N EUFEE -
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R ABFUERIAZE AR B TT No.376 HETRERT- AB-AR
S A () (OSBRI S, BT B Y
Ky 8/14 05:00 /its - HEEEATEIR A X-band B ZFERIER} - Il
By 7/1~8/12 BAME Z PR EORE R T EAR & - R
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Fig.2 The elevation and the distribution of the slope
units in the study area
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2 HIBAERE 2 B A B R 1% - 48 = 9 38K Rt 4%
Fe EAFE S BRETS > HAEFR 1> Hof 6, (m*/m’) BRIk
5y&& (saturated soil water content) » 6, (m*/m’) EFEER/Kor &
& (residual soil water content) > y,, (m) £+ I3EFLIR-FIE 8L
(the median soil pore radius) FT¥ffE BRJJEAEE (pressure po-
tential) » o Syt T EHEFLISE IR MG EIRY R S 8 - i
KRR Z T - £52 w, F o Z52%8 K (m/s) Fufifl
AR Z KB (Kosugi, 1996)  1HEEGERAE 4 5
o Hor BE R EPEREME R RIS SAGHE TS 2 BAIE
[E+ gz /KEE8B BT TEABREE Y frinis e
FTE B AR AR I - (H AR AU RIS N B PR AR SRR A - HE
TTE RSB PR B N 1 I RIS 1R AEEE - (H B P AR
ATRESE S ARIRTEL -

o : the ground surface imclination

[ the bedrock inclination

L : the horizontal length of the slope
n: the thickness of downstream soil
L: the length of the slope L,

(<]
[€)¢ Sund surfa®

Soil

Bedrock (Impermeable layer)
| L 4

3 ERARBEREREES TS LR FIRETER

Fig.3 The simplified model of slope unit for the following
stability analysis

200

= Landslide occurring £
£ 170 - T
'E —Water content 150 £
= 160 ) :
e === Rainfall &
2150 100 2
c 2
© 140 £
o 50 =
=3 (1]
5 130 ] e
= i TR R K
120 s G L B i —t 0 -4
8/13 0:00 8/13 12:00 8/14 0:00 8/14 12:00
Time
120 T Simulation result: Landslide occurring at 8/14 04:58
100 Actual disaster: Landslide occurring at about 8/14 05:00
—Ground surface
0 Bedrock surface
E g5 o — Calculated slip surface o
M ----Observed slip surface &=
% » i I=180m
/-’ o=f=28.4°
S~ n=2m
20 5=
f’,’
(g i ‘ ‘ . . . T . :
0 20 40 60 80 100 120 140 160 180

X(m)
4 FKFEIT No.376 ¢ 2012 & 8 B 14 HEWHARIREN-
AZ-FRIBZ IEHIHER
Fig.4 The simulation of the landslide due to heavy

rainfall on August 14, 2012 on the slope unit
No.376

3. BB AR ZIRERFKEE

TEfEF RIS BB A F 18 2 k- 8- ZE
PlEfE g - BiRTE (2014) 23R [E—SE £ EE R AURE(E
T B AASRSE AR R R A= S8 K H ARSREE AR R T T RS
2K E BN PAEE Wit EARR T E UK & 8 s
EERVRRIRTRE 7 - Belpsg it —AE0E 2 vfTi: - AWFSeER A
FEE A 435 {EREE BT M 2 8e 1E - BRCNE 3 frs
fE{LsziE (Firf L=154m, 0=31°, f=31°, n=2m) - (774 8 &
IE] G 58 [ 2 ARG RRAY. (I=10~100mm/h) {EFIT » BLIRIS #E5{
HEATIERR - A02- AR sE - BRE R R R~ iR
AiE 2 B K& & (Critical water content, W,,. ) K AREEFRAEAN
2 o GEREBUR - TEAEIRERTGERE T - BIEARERRE AR R R
A REK > R EE 2 UK B E RN HAES
RN B HER SR AR ISR A T BRAUKE 2 R
SRR N - JREIE FEESUK & BE RS A G 2
ot - BRTI(T -

4. ERERFEKERETHBER

(B IRIS {5 ] DU S i B — S A < A 8 A e B
Bt > (HEP R AR AT R IR LIS/ K B Ly - AR EFE
gy )] > B EEDAERIYAUSRTE - [NEEARTFELL IRIS £
A SR AR - FIEMZTEER 24 (multiple regres-
sion analysis) FEVZHZIA] HH8 2 FI4A/KE &  BER SR AL 2l SR

x1 EB)IREZ LIBKNBHEAEREF2H
Table 1 Hydraulic characteristics and soil strength of

the soil of the slope in the Shizugawa basin

Hydraulic K O 0, Ym N
parameters cm/s m’/m’ m’/m’ cm -
Upper layer 0.0035 0.467 0.240 -31.2 1.40
Lower layer 0.0005 0.468 0.270 -23.7 1.17

Vsat C R4
Soil strength t/m’ tf/m’ degree
1.64 0.7 31

x2 BUSEZBLKERT 8 BTREEREMRNERTZ
ERFKE B RARIRIEH
Table 2 The critical water content of the simplified
slope unit in unit width when the landslide
occurred during 8 different rainfall patterns

oy ) e

=10 140.84 1359 123.25

1220 140.77 809 7742

1-30 14045 638 68.25

1=40 140.06 556 68.25

150 139.74 509 68.25

1=60 139.41 479 68.25

1=80 138.84 445 5742
1-100 138.20 427 5742
mean 139.79 65275 73.56
Sta“dagg;“a“"n 0.936 311.16 2111
SD/mean (%)  0.670 4767 28.69
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KEE - BB 2 BEK & 880 R 2 1w I
R LAHE R PSR S R B TR S G S A AR - AW A
fifs Ry T HRFUKE % ) (W, method) » FELAEARGALAIT -

(M

@

3)

FHEEKIERNZ 435 {ERBE T - RESE K R E
L 53Rk 8 {EAFAH - ERFAHEERE | (ERFHE (rep-
resentative slope length) » HG{HEFAA R EIE > #HF=1
YA 2 HE o o hEREBE RS E (repre-
sentative slope) » il Ay 1°« H A28 7 K56 8 (HEF4HRH
FHEETTHER)  EEER SR T 2
TRRFEYEE - BT R AT E 2 HE > B
42 (EEHEYHE - (virtual slope) » 41F= 3 »

HFIE 42 {EREHER I Bl L, 8 TEAN[E][E E 5 2 ik Y
fE (05 2) HETTREMR- AC2-HRinist  FrA R m 2
TEMHEASEER -

1 b R4S ST T 2 TR 34T 43 BIIES2 Tr i
I~ 10~ 0~ IV > G B4y AT E R REAR BT 04a
Kag W BHRKEE W, BEKEE W)
ARt (V) -

&3 A2 HBEUKE 2 ARIER RIEE

Table 3 The representative slope lengths and slopes for

42 virtual slopes

Distribution of ~ Number of representative slope representative slope
slope length (m)  slope units length (m) (degree)

1 15.0~54.8 96 42 30~35 (6 sets)

2 54.9~94.5 138 74 30~37 (8 sets)

3 94.6~ 1343 102 114 29~37 (9 sets)

4 134.4~174.0 44 154 29~34 (6 sets)

5 174.1~213.8 29 194 29~33 (5 sets)

6  213.9~2535 18 234 29~32 (4 sets)

7 253.6~2932 5 258,259 28.7,31.9(2sets)

8 293.3~333.0 3 299,311 27.9,31.8(2sets)

* Total are 42 virtual slope units

Determine Wi, for k=1 to NSU
( by regression )

t=0

Determine W, for k=1to NSU
( by regressionll )
I
Determine W, for k=1 to NSU
( by regression Il )

Slope unit k collapse
Determine V; , ( by regression IV)

I

NSU : number of the slope units in
the basin

W, : water content (m?)

W,,: critical water content (m?)

V; : volume of landslide sediment

5 ERFASKEFRETHRIBTRAZRIZE
Fig.5 The flowchart of predicting landslides by Wecr

method

(4) PR > BIRFE 2ol 1> 1 11 5t ROKE &

21 EXMEITTKGERNETKGER 7,
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HFY IRIS & SR BB AR REE FUE B
ir'E > & IRIS R Zoriimat IV - $9 HREHE(G ERER
I SR E B A E T A - A BRI R A R GHER
ZEERAEE - AR B R S AE 10~30m Z R
A RS FE MR ELGER - R ERREES R
20m > AHELIETR LA TR - BFUKE BIATHIR
WA AR - SFLE S -

5. ZrEERl B H RS

(1) WHE/KEE Wiy (Regression I)

HITA AR [ 9 4a7K & B & 2 B i e o i 2 &5
R ARWTFE R EEEE PRI T o S B K G o A 1E
1 > FE(EA IRIS HEAESTRRSIR ST - B TaS
KB R AT R 2 BOE - HaE PRt T « Ok
RGP 4R B D /KBS £-0.01m > DL = 4E
Richard’s equation #EfT 900 FKHYE RN ABH5
Bt - QRBEHKBET » TEIBIHEIE - 900 KAV
BRI PRFEG T9RE B 0.1mm/h 2 [T - @& H
& Ut e N E 2 A i & (2012/07/01~2012/
08/12) » HETIEMI AIBHEEE - OFTAHETT IRIS B2 5
BRor AT (B 42 (R B i R S A B
1) > RS EIEOIE/K S B AT & 2 BERR
J7HEFT IRIS 1 [ Rid- AB-Hsm 0 AT -

RS E— 3 LA 2 #)ia/Ka S T e Re s R i
FERHRE - Stk &' 2 SrtliE=taRon it (1) &
2 (2) - MAFATE 42 (E R BE I 2 )ik & S 45
FHEFTH TR > ORI R (A (0 4) -

eini

=¢+c, - L+c-a (@)

W, =6V ©)

ini ini

it epc; By BT AED L RABEEITTZ KERE (m)
o FyRBERITZ PN (deg) » 0, RWliG/KE &R
M’y » W, B Rl A AL E S B K E R
(m’m) oV BEANE T A R
(m’/m) o By iR A R BRI BT
TKI-RRE ST BCPUH R E S - B0 > & L=95m B > ik
LHIEER S B A 14 (EEE B A (L=42m K L=74m) 1F 8
T[] [&] 8 PR 8T » #ETTRE R - AS- AR S
R PUTH BRI - REEEVIEKER W, i
Bzl (Regression I) ZHEE - AIHFTHAIHSTIE AEEHL 6
{E B RRAT RIS B Sy B A IRIS #20K, W, G0
TolEKE BB > HERNR S - ERETR > (FH Wi
TR 2 VIEKEBEEA RIS #EERE 1)
K& TR 0.1% - RELFER W, BT =CEL
A IRIS B M EVATEB OIAT -
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3)

BRfRT ~ B

EFKE& S W, (Regression IT)

HR TN KE B8RRI AR - Hl
T2 AR AR ZERSUKE B e 2R R R
Hit - UK ERZ % rEiErRna ) kX
(4) > ARFFTE 42 (i RE R I 7351 BA 8 T (][] 2 5
Z PR T PR - A 02- FR SRt e 2 45 S 1T 2 U AR
DR HAEER (I (A0 6) -

0,.=ctc, L+c,-atce, -1y

3)

W, =6,V (C))

Horr Iy Ky 60 3 $ERERGIEE (mmv/h) @ 0, FEEFUKE &
EE (m'/m’) o BEREEEE UK & & W, i (Regression
) ZHEREE > AWFFEIRRHTEE AN EERL 6 (B FRAIRIE
A7 53 AIE T IRIS 0k W, Al = HE TR R - A2
SRR - AR 7 -
KiF/KEE W, (Regression I11)

E TG R AR & (L MEE LRSI (ER)
B FEARE > B SR R B Y L AS RIS A RE -
AL ZFRF K& &2 %l o FZor = (5) K
(6) » NERF 42 I8 S AT e PRI AERSE 2y 60 /NIFHY AR PR
SERITT » LLIRIS #2050 BIAES TR PR - A02- BRERTEBERT
FHVERDK S B4R (FRAMER | 7788) #1720
BR AT o DUORISEER (R (3% 8) -

df =c +c, L+cy-a+c,-1,+¢-6,, )
100 160
No. 43
r 140
95 -—=Calculated water content o —— -
= (by IRIS) ! F 120 %
S~
'E 90 +-“predict water content | L 100 E
TE' (by regression) 4 z
£ a
€ 8 —Rainfall intensity 80 §
2 | ‘ L 60 =
& 80 ‘ e
(] e
L4 5
w0 I 2
43 a > 20
I i H‘
70 R l : ! Pandt 0
8/1306:00 8/1318:00 8/1406:00
Time
(@
180 180
No. 376 L 160
o Calculated water content
s - = 140 £
B (by IRIS) 4 =
& 160 : 120 £
E ---Predict water content =
€ (by regression) r 100 =
8150 g
§ —Rainfall intensity F - 80 £
& 140 | 60
8 =
= JE—— ‘ Lao &
130 ‘V
r 20
120 A ‘ ‘ 0
8/13 06:00 8/1318:00 8/1406:00
Time
©

DK & e R TR /K PR e R a7 S 1038 e R 4

(6)

Horft [, RRE By ¢ BRAFERRGRIE (mmvh) > 0, B R ¢
B K E R (m¥m®) - 6, FssR Ry 1 05 (RITAT
— (IS RIRIEE) K S B (mPm’) > do, Bk &
EERYEE(L (m¥/m?®) - W, Bl R B ¢ I AE BRAT B R R RN
BT HRENAIK & E (m¥/m) - [B 6 BEUR > (] IRIS f5
ARG THFERFE KSR ()  ZBERIER
jﬁ o

W,=(0.,+d6) -V

&4 WinilBERL 2 BERRE

Table 4 The regression coefficients of Win:
L=95m 95<L =185 185<L =255 L>255m
cl 0.318859 0.332008 0.336314 0.342907
c2 0.00027 7.47E-05 9.19E-05 0.000124
c3 0.000209 0.000319 6.26E-05 -0.00041

&5 WiniBERIHEE 2 BRFEHER

Table 5 The verification result of predicting Wi by
regression
No. slone L a W (m’/m) Wi (m*/m) error
- Siop (m) (deg) (by IRIS) (by Regression) (%)
31 29 343 1935 19.36 0.09
192 71 333 49.01 48.99 -0.04
71 137 314 96.54 96.52 -0.02
413 165 295 116.70 116.74 0.03
406 214 322 153.12 153.23 0.07
136 299 279 220.70 220.52 -0.08
135 160
130 No. 71 | i
—~Calculated water content ﬁ‘h‘N’- -
g5 (by IRIS) / b 120 %
'E 120 - predict water content A L 100 E
2115 (by regression) if ‘E
%110 —Rainfallintensity 74 [ & g
5105 - 0 3
2 100 e = | - E
55 : | ! I - 20
ol L1 M 1
8/1306:00 8/1318:00 8/1406:00
Time
()
220 180
No. 309 —
(=" 160
210 ==calculated water content 0 =
T (by IRIS) K :
'E 200 - predict water content 420 E
TE' (by regression) " + 100 ‘E
§190 —Rainfall intensity L 80 g
180 by~ fil 60 =
3170 |_ ~ AAJ o &
'ﬁr— r 20
160 44 ul T : \/)H‘ HA L u 0
8/1306:00 8/1318:00 8/1406:00
Time
@

6 FA IRISERRZTERRTEZKEE (W) #5RHEE (a) No.43 (L=102m, a=32.8°) (b) No.71 (L=137m, 0=31.4°) (c)

No.376 (L=180m, a=28.4°) (d) No.309 (L=230m, 0=29.2°)

Fig.6 The change of water content using the IRIS model and the regression formula (a)No.43 (L=102m, a=32.8°) (b) No.71
(L=137m, a=31.4°) (c) No.376 (L~180m, a=28.4°) (d) No.309 (L=230m, a=29.2°)
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4) BRIt E V, (Regression IV)
2 BUR 0 AR CHENASIEE) (e
FRTRFERUEL - BE E > FERaE RIER S A8 1+
BN FLISUK BRI AR BT - MEM SR AR SRR A2 52
540 Fujita and Tsutsumi (2008) K Dahal (2012) ZH}5E
R RN B = B & 2 [ R B RS 5 BRI

# 6 WoiBER ZBERRE

Table 6 The regression coefficients of W,
L=95m 95<L =185 185<L =255 L>255m
cl 0.54789 0.522459 0.553529 0.776762
c2 -0.00029 -3.1E-05 -8.2E-05 -2.5E-05
c3 -0.00212 -0.0019 -0.0026 -0.01065
c4 -9.3E-05 -0.0001 -0.00033 -0.00029

RT Wo BERHEE 2 BEHER
Table 7 The verification result of predicting W.. by

regression

No. slope L @ I Wi (m’/m) Wi (m3/m) error
(m) | (deg) | (mmvh) | (byIRIS) | (byRegression) | (%)

31 29 | 343 40 26.87 26.87 0.00
192 71 | 333 40 64.36 64.38 0.03

71 137 | 314 40 124.55 124.55 -0.00
413 165 | 29.5 40 150.42 150.90 0.32
406 214 | 322 40 188.97 188.68 -0.16
136 299 | 279 40 277.34 27538 -0.70

# 8 Wi ZERRH

Table 8 The regression coefficients of the water content
L=95m 95<L=185 185<L =255 L>255m
cl 7.87E-05 8.22E-05 8.23E-05 9.05E-05
2 9.33E-09 -1.5E-10 -74E-09 -9E-09
c3 1.12E-08 -4.2E-09 1.62E-08 5.44E-08
c4 6.37E-06 5.61E-06 5.22E-06 4.74E-06
c5 -0.00023 -0.00022 -0.00022 -0.00023
&9 VsEERNXZERRE
Table 9 The regression coefficients of Vs
L=95m 95<L=185 185<L <255 L>255m
cl 2.580216 1.726502 0.646846 3.204391
2 -0.00816 -0.00214 0.000756 0.00284
c3 -0.0467 -0.03181 -0.01912 -0.12285
c4 -0.00169 -0.00253 -0.00129 -0.00038

F10 Vs EERIBEE 2 ERERER
Table 10 The verification result of predicting Vs by re-

gression

No. slope L a 1 Wi (0°/m) Wi (m3/m) error
(m) | (deg) | (mmMh)| (byIRIS) | (byRegression) | (%)

31 29 | 343 40 40.25 39.09 29
192 71 | 333 40 54.17 53.65 -1.0
71 137 | 314 40 64.40 64.38 235
413 165 | 29.5 40 70.00 110.14 573
406 214 | 322 40 50.25 61.55 225
136 299 | 279 40 433.25 365.36 -15.7

AEkR - R - ERER T B2 Z kR R AR
(7 ke (8) - AT > MRS 42 R FERE 53 7 LL 8
N [FIEIE 5B 2 P R A T Rl - A2 - R S i 2 45 e
T2 Teills - BIDCR AR A8 > 202R 9 -

R, =c tc,-L+tcy-a+c, I @)

V.=R -V 8)

s s

Hop B RFIRBTALL (m'/m’) » ¥ Rl R BT B
B LRYFR & (mY/m) - JREEEY I 2 4
% - BgEEaE 8 ViR (Regression IV) ZifF
[& > ABATE T AR ET 6 {IE B PRAY R BT o0 A1
FI IRIS #E=CR e s = A O & v, > HEER
W 10 -

= RREFR

1. BtRTRRIAESR

{5 FI R PU2H 26 e AR =t - AR 2012/08/12~08/14 2
X-band FHEZFEFRER} » W, A TR RIS LR AR
A 187 R TR A RS (GR 11) - Bl R G HER
HrigHY 38 PRAREEMAREE o BE 38 ERATIEREER Y - H 28 R
W W, ETEN R E AR > 10 BRABETEUN A &8s 4 5ii
(J2= 11~ 3£ 12) » W, AT 455881 38 pRERERM~ 22 [Hifir
B SFAIE 7 - phAk o B W ATRMZ BRIREF SR R 8/14
04:34~05:39 » PEFFELEL 1% SR AR BV AE SR IRE BT - RofE
REAERIT GV K AR L b S B AL PR BT R
mfi# (Warning Hit Rate, WHR) K& mizn#R (False Alert

Rate, FAR) Z EZMEAT
WHR = PCAC | AC x100% )
FAR = PCAC | PC x100% (10)

Hh PCAC RyTHRI R patH B PR 88 4 fRtm o R B T8 E
(Bt PCAC=28) » AC FyBIEHEFRE RHEETTEE UC=
38) » PCAN 5y T8 M A 35 1B 8 5 oK AR 2 % 3% B2 T 80 H
(PCAN=159) » PC RyTHRIERSE R ETTHE (PC=187) - A
I G > ERE A (WHR ) By 73.7% @ ERGRER
(FAR) %5 85.0% ¢

FEAh K EERERSTRRIRE S - PR E SR AR THRIEE (the
Accuracy of Landslide Prediction, ALP) #1T :

ALP = (PCAC + PNAN)/ NSU x100% (11)

Hrt PNAN RPUHAR G AR B BRI ARA 2 R BT
H (PNAN=238) » NSU Ry E#HEBETEEH (NSU=435) -
It BEZEFI P ARRTERHIERE (ALP) F5 61.2% -

Rbiss W AR EMEERE AU CFERFZE JRY IRIS 55X > DA
EEIEAIR IS PTA R EITHYBRER TR A EE T 8
Ese NN EERSEET L 4 @ EEREGTHEER
SRR 0 SO0 4 (ERIE) - S RIEETT IRIS UK W, 7A1Y



14 MRS - BRI ©
FTEN > 5RELBR 13 - SEREDT > (B W, ATRNZ
ARSI AL BB IRIS A58 & —8  TEARIRR ] 2 FORT
T > RIS IRIS BEUARE BT - (EAERR SRR 2 BN b7 5
Ko

2. FRMETTREE

AR RN 2K S B S 5HA B % AL SR
FITHENHREIEERHE ¢ ZARARElE (Probability) H]%%
R (12)

Probability = (6,-6.)/(6,, - 6.)

(12)

[ 38 Newly collpased slopes
— River channel

|| Predict none but Acutal collapse
] Predict none and Acutal none
)

2 Kilometers

7 Wer JER SR RIS A 2 BRIBTRRIAE REAE PR AR 1B B
L8R
Fig.7 The result of comparing prediction with actuality
for the landslides in the Shizugawa basin

#x 13 £/ IRIS &30 W AZTRRIERIBZ FERLE

DK & e R TR /K PR e R a7 S 1038 e R 4

Horr 0, BB ¢ BETIOK S BIL (m'/m’) o B 6, K O
S EIRRIVEE Sl Ean i Gy g AL SRR S N e T R SR 275
BRyCH R B L EL AR AT RE 1 - AR L 45 SR DA D5 =CR0
KRRy GIS V& o i I 1E Rytth 7 B S BR AL et THAU A
RIVEE S5 18 8 Ky 2012 4 8 7 14 HENHARI AR 17Tk
04:00~12:00 [ -5 B2 AR ] AETEIE -

=11 We ZRBTRARE R A B IR A IBRE < LLE
Table 11 The comparison of prediction and actual land-
slides by W.r method

. Prediction
Number of slope units
Collapsed Non-Collapsed
Collapsed 28 10
Actual Event
Non-Collapsed 159 238

& 12 Wer AEt#S 38 B R EE 2 ARBTRAIRER

Table 12 The prediction results of 38 newly collapsed
slope unit by W, method

No.|L| a | No. ;rﬁgge No.|L| a | No. CPJITS;ZL

slope|(m)|(deg)|channel time slope| (m)|(deg)|channel time
1 |3841(259|31.9| 109 | 03:34 ||20]| 389 (156]28.7| 111 | 05:17
2 (322(190|32.5| 87 | 03:59 [|21]|153 (134|283 | 40 | 05:24
3| 134(228/30.8| 36 | 04:34 |[22]332(120(26.7| 89 | 0524
413091230|129.2| 84 | 04:38 ||23]|127(82(259| 35 | 05:25
51366 (200|131.8| 101 | 04:40 ||24]| 165 (124|292 42 | 05:26
6 | 301 (258 28.7| 80 | 04:43 |[25| 151 |86(264| 40 | 05:28
71367 (121|363 | 102 | 04:43 |[26]373|96(26.7| 103 | 05:30
8 1392 (223|31.8| 113 | 04:43 ||27|378 124|252 106 | 05:34
9 68 [86(325| 19 | 04:49 |[28| 173 |113|259| 44 | 05:39
10328 |209(27.5| 88 | 04:53 [|29]199|58(29.3| 50 -
11] 181 |211{29.4| 46 | 04:55 ||30| 330 [126{204| 88 -
12| 64 (11832.3| 18 | 05:01 [|31| 93 |118|21.1| 27 -
13| 73 [108[32.0{ 21 | 05:01 [|32|119|77|23.7| 32 -
14376 |180(28.4| 105 | 05:03 [|33|385|63|25.5| 109 -
15| 63 |140(29.2| 18 | 05:10 ||34|303|278|25.5| 81 -
16| 271 |161(284| 70 | 05:10 ||35|213|150{262| 55 -
17| 85 |126(28.8| 25 | 05:11 [|36|169 |78 |27.4| 43 -
18| 65 |128(29.2 18 | 05:13 [|37|398 |152|28.8| 116 -
19] 114 |80 (27.3| 32 | 05:17 ||38|430 (225|183 | 126 -

Table 13 The comparison of landslide prediction by the IRIS model and the W.- method

C L o Actual Calcullated b>_l IRIS model Prefilct by .regr ession Difference of occurring time Difference Slip surface area
ase No. Slope (m) (deg) collapse Occurring  Slip surface area  Occurring  Slip surface area (min) (%)
ti (m*/m) time (m*/m)

1 367 121 363 Y 8/14 4:31 235 8/14 4:43 31.8 12 35.0
2 366 200 318 Y 8/14 4:31 513 8/14 4:40 64.4 9 255
3 134 228 307 Y 8/14 4:42 74.8 8/14 4:34 73.8 -8 -14
4 309 230 292 Y 8/14 4:41 1154 8/14 4:38 101.9 3 -11.7
5 192 71 333 N 8/14 5:35 54.2 8/14 5:30 45 -5 21.6
6 43 102 328 N 8/14 4:46 44.0 8/14 5:02 60.4 16 375
7 71 137 314 N 8/14 4:43 63.1 8/14 5:00 66.6 17 54
8 424 248 284 N No collapse No collapse same
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3. 515/

— R LA EE R BRIk R PR AR TR - 3 1
F848 (grid-based) {F B4 7 BETC - (ELIL A S ot R P AR R
BRI STE » PIE RS F SR B R ST AT
IRIS HizCHIR (RTS8 AES - IR S B (R
55 2014) « ZATT » HIFY RIS Bzt ST ELERNS - K SFEFIATR
R > BT > PR AHFE R L & TRIS it R % 7T
BEAT » FIBEERFR 1B 2 B K & BE BRI R A $2

——River channel

- Landslide Probability 04:00
[]<0.80

2 Kilometers

(a) 04:00

— Rl‘?ler channel

w5 Landslide Probability 6:00
[1<o0.80

(WA [ 0.80 - 0.85

N [10.85-0.90

Y [J090-0.95

\wA, B > 0.95

2 Kilometers

() 06:00

8 2012 & 8 A 14 HEMHIME R/ IR R A B Al gEtE B
Fig.8 The distribution of landslide probability in Shizugawa basin from 4:00 to 12:00 on August 14, 2012
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& o AR LT EE |
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fEzUE (RIS 50 Ozl > HE A 0K EE
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(3) SO0 5 T B 25 TR, DRI Bt
B TR R T -

(@) BN K & B B e E M A R
IER K& B TH A 00 GIS PAH
BB LT B 5 — SRR B B TR - 39
BT BRI S5 B o T OB A 0 R AT e
i -

(5) —HTIE » A0l PGS PR AR E S > ) S
WP (critical line) BF » FRARAVTE EERIS1 - 14
TS 0 S BIERIA B BIE < SATTT B0 EAGIFAT
HIEHAE S B S SIS AT - LA

SR LA BRB TR + HIGEB T G S

FORHITHIIES + th A £ DA A B PO BT 5

o AR T - UL - I

T 5B T (ML -

IRTT » (B W, KBV 48525 (B (B T — e
B RIS

(1) 825 Xie et al. (2004) L4 E T BRI B TTAY 4
KGR | % + (B E SRS » AT
YIS R BT (YRR S T - (R 00
MRS A TFSELLR » A4eRip R — Sl » (13—
7R -

(2) T - DRI PR A E IS 5 By > PR
BEA RIS AT - TR ADSIBRE - B LRI
IKEES AR 57405 RS « HF - 35
ERIEAM - TR « MR A 2
i - B2 L 60 4 BT R Lo (ERERER L7
B FEAE S A B2 RS = (% e
3 IR 2 TSR R © M T -

(3) EIARHTIE B e B B LB S SRR SR B E
B IRIS BRIV o B SR
b LR B TR - 7ERR R RN T i (4R AL
EEERY I (20m) » RILHEE LT B (g e
BT » TR RS0k -

—RTTTE B AGRE FRAHTTRRAAET (B
FIERT 2 9 S5 2 e 305 R TS EE R S8 P T 1
BETT) AR (WHR) ROEHRGRER (FAR) 155
e S < AHISEAELS PRy N IR R R B D)
T W, AT SR (WHR=73.7%) [
& BT 1) S B A G EAC FATIA (45.4-58.8%) -
TIZ RS (FAR=85.0%) RIFRE H T +Hb € BB 4
YOTEEA Y VA (75.2-83.4%) HET » LI » W, SAE A
PRSI » (N B BT LSS SR - B
P M I 25 e 1 B R ] ke D T -

BES FE AR R BT A L B O B T 28
IR LTI G 3)0 BRI ER AR R+
BRSSO (a=f » ELn=2m) » SRR E L R
M 0 % (RS TREIE RIS E SRR - R
(R > 4 S L A 2 S AR+ LA B

R - P ETMGESR - B0 - hiE 7 "EH > AR
BRGREARRS OFRITNE A p - (BEROREA) /Rt
WETT  REEPERIBIVILEE - HERGRREZ0
Ve PR E R LT R 2RI (A0 9) - (B AT SRS B (1 sk
PRFIAE [EIRY o S B T3S - DRI sk o i TR0
GEREA IR AHER IS I R BRI > 2 SRR RV DIt & Al 5
HER SR ERR RS Z B - $tEIERER - Ry
R R I, - 73 AR E A [E ) L3 e - R E 28 B
AR B AR -

- EFEERE - ATAREERGIT > 1£ 38 Ia 2R
R EZEAAAR SIS H SRR EREE T - A 10 BERAE
W W BZHFE B3 LRt - P TIE 10 ERIE T2 i
JER > 35325 Ry PRI/ N 27.5° H4RHL (8 JR) » BUEIL
TH/KAREEE S8m AP/ NSZET (1 JE) » FHEYEE 9 FEirhl #REaH
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RapidEye G HERITA - RELHERILE 9 FRINVE ATREE R
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Fig.9 The difference of rainfall distribution in the heavy
rainfall event on August 14, 2102
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SR B BRI 2 S T R - AR > AR
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