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ABSTRACT

Taiwan is prone to hillslope disasters in the mountain area because of its special
topographical, geological, and hydrological conditions. During typhoons and rainstorms,
severe shallow landslides frequently occur. To mitigate the impact of shallow landslides,
not only the structural measures are necessary, but also adequate warning systems and
contingency measures must be executed. Hence, precise precipitation forecasts and
landslide prediction are the most important measures in practice.

To account for inherent weather uncertainties precipitation forecasts based on
ensemble model predictions was adopted in this project instead of using a single model
output. A shallow landslide prediction model based on infinite-slope model and
TOPMODEL was developed. In considering detail topographic characteristics of the
subcatchment, the proposed model can estimate the change of saturated water level during
rainstorms, and then link with the slope instability analysis to clarify whether shallow
landslides can occur in the subcatchment.

The subcatchment on No. 9A Highway at 10.2 K was selected as the test sites for
landslide predictions with a lead time of 6 hours. Hydrological data and landslide
observed records from 10 typhoons events were used to verify the applicability of the
model. Four indexes including the probability of detection (POD), false alarm ratio
(FAR), and threat score (TS) were adopted to assess the performance of the model. The
results indicated that the POD for the landslide prediction by using the proposed model
was higher than 0.73, the FAR was lower than 0.33, and the TS was higher than 0.53. It
is promising to apply the proposed model for landslide early warnings to reduce the loss

of life and property.

Keywords: ensemble rainfall forecasts, landslide warning system, changes in saturated
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AR R A I R B B Y T s SR 8 3 K
HE - BRLDEM TR JEI » INERGEE R K
EHTHEES i - 6 KA IR e A B B2 Ry E)
RE » [KICHERERE SR RN TH SRR K A R
71 RPOMAE T E R I E R o SREAR
JitG JEL o R PR Sl o B TR » AR B GR ASAE v K
B 53 K Wy B 1 T e A =X B A A 25 P A
REEEY - YyERITHERA  ER KRB B R
AHE N - BdEBUEET R - R R R RY T
PR o PRI - 5 BB FH s (T AR Se B
V2SS E T - TR AR AR B T -
CillSE= v R e S =l D VAV
(Pennsylvania State University, PSU)EESE R [EK]%2
KRMIFEH [ (National Center for Atmospheric
Research, NCAR):[F]# .2 55 A AR REKR
&)y JJ & tuk B X = (Fifth-Generation Mesoscale
Meteorological Model, MMS5) » DURz[FEEs NCAR
Fir 2% e B9 3 — A RS B0 R SR T e 8 =X
(Weather Research and Forecasting Model, WRF)
R CREE, - ETYH 2N R T
AR BB B G RO Y B 2 Bk v R R
B JR A B SR RN 23 o FRR BB R Se R = TR
A HAERR - LK REIBERE R - B — (T
EHHEERECAHENE - fEE R EETER
BRI RFARDE o KL - T @R e 53 hr B
W5e - EAUR L R - R R TR
flir » DA R SR T A HEE M © St BRI =
WA 2 - AR 3 SR R THARCR A - ANBN
R PLECMWE)EETLLEEHAEL 51 fEK
B 15 KPR EECREETHIAE M - 3R
S G L A TH R P P ik o B B Y TR AN e E
M - FEHP R R R R T O B TR L
A - REIBI SR RO (NCEP) f2 i
HH 88 EREMEH 16 RAVTHHAER - FEEMN
WE > H AR REOMA) P Medium-Range

Ensemble Prediction Model £ FHRYTEERARAS 51 #H »

HIF R TG TR EETH IR T EL /TRy 40
° HREBIR G RI(KMA)RIF ] Bk A PR E T T
SREETHM - E TRy 40 J - FERERA 32 4 -

(FELgt - 2011) -

gt K EFHERE - B T %R
FHFE SR SR & 3 K F R AR R
Bk - DIRET TR T RECK RN &M - FEErT
FRERTEE 2 TAE » 410 Caine (1980)E2 Hong et al.
(2006) S 5724 iy 005 208 A= 3 3t 2 [ RS e S B o
NVAERFEOR} » FEHIE SRSk EORHREY NIR » LUK
ATl T R E O K R A W R AR -

Cannon and Ellen (1985)E Wieczorek (1987)
FIFARIFIRY 332 - FAE LB EE < L & 2%
BRAEE R NN La Honda $H.2 B AHEEER)
Sy hTeh S E B R Z BfR - Keefer e al. (1987)
FJA Caine (1980), Cannon and Ellen (1985)5z
Wieczoreck (1987)FTiEE &R » LISFIIRERYGH
J&E B PR RN AE R o Rl » NI K 3 A i il SR
MERVIEEEE © Lee ef al. (2009)FI[H 258 B2kt
TR B L LRSS AT - WL 2001 Bk
i R\ S R BRI - TS 2004 42
FBCEC G R A=A, © FR AT R vl A - K
WRE RN IR Ry Crh EHER 7 - G T i S
1FE RIF I LAATHEIRS T - SR ARl < HER
YR ~ SR K S ~ St ~ i DUR SR et
FT RE B RS e K 5 P 7 L e RN BR 14 B TN [
RN AT 23 A o AR TE T FA R

T R 7K W 35 4 B 0 o W B 7 3 R P R
547 PR (Skempton and Delory, 1957) » H57%TY
- #82 B )T ©. (resistance force)sZBEEN] <,
(driving force)Z HifH » Bt H - #82 LR E FS
(factor of safety, FS = r,/z,) * DIZZ 2 %8 FS &F
AT - W Iverson (2000)F]H
Richards /TR EHLEATIE - SHEAFBEE
RERRTERET - EREE N BRIERAEFIAGE » I
M SRR S AT o0 B » REERA /R AL B TSR
B BT - Casadei er al. (2003)38 FHEERR 24
Bl S /k SO FU A 1950 2 1998 2 HW
i 0 RS NN San Mateo County SE7K 2 138
&g R K s A AT A B, « ST A AR S &
AURIRHIZ R - FTARIE ST R o SR /K & 3 S
IR ~ DB il SR 22 TR, - Bl &8 RE
B G BT MK SO - DUEETT A K
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1 EETSEMREFBREB(TAPEX)RTFS °

(Lee and Ho, 2009; Ho and Lee, 2017) °

BT EER F R 5 e I P el - DA Al
AR THHIA L - FEH LA RIRELRE
THR - WISCRRE W o U A E T -
HRER A E &AL - DRI R AT FRERN 76
e o BLAL » BRI AR SO D A B E e AR AR
2 DIBRE/KEKITMER G - i EE
7K B TR A TS AT - RELL I FERERN 1B T
B [t i BRI ME SRR - A 50Ar BT 7K
A B TAIRRE L 2 PR LB - LT R REAE
AT R A B B R - BRI K
AR REVEISE S BT LA - DUEIEATRESCK
Z IRFTE B ] - NG FRHAHRR B Ry K S
SERE - DRERR G EN L 2 -

— -HRAEE

AKITSEHER Ho and Lee (2017)FF &MY
SIMTOP f&={(Shallow landslide prediction based
on Infinite slope Model and TOPMODEL)£{ T8
J&@ R AL » 43 R s Mk SO UL B e iR
SESITIEEE - DUSHERE RV Sk @ 2R g ek
FIZR AL B T 2 2 (R B L - 5 L TEHI Bk
FREE A B T AR I B » [RIRF » Rebiginik
FIEsE L PR IR - TUREH] SIMTOP RS &%
i E BN TEIRE B (TAPEX) » DI se i s &

KR EE R R AR T E RS - O - WFFEiRA
SRERFAHEAR - DU AT SR /K R AR
BN BAE - ZORFHBIRT T EAIA0
T

2.1 RETEENAERER(TAPEX)

FH SR SR TR R AR B A Lk i 1 A 1 B A e
ENE - HEREE B HEBIIN R - FiEs
KELZGIHTIIFFE » S i FH A 2 1 S Lt 1 A 3t
B EERE - AlE 1 FR - SiERe Rtk ifse
HULY 99 FEELETT TR E BN R THERE
% (Taiwan Cooperative Precipitation Ensemble
Forecast Experiment, TAPEX) , - H: HAYZEWT 2]
A E B2 R Y T e il 3t 10 o S 77 BT AR S
WRFa[ 235 &G 0 BRI K ERONEE - IWE
Bl e BT S (R R ~ TR B BT R
B R SAL KRB B R SE B (PR R SR 2 W 3
RER » IAS A B S m s B U LR A
U5 B B 5 K TR HR LR B SRR - e
IR - I H B 4 KA ST =
il K SRR G F SR SR a7 vk B A =R TH Y
W2+ S BT BB AR B Y =4 AT+ WEERHEECK M
ERAHESRTH - 104 BB EHIY R 27 %
B R HAUEE 21 # WRF #EX(Weather
Research and Forecasting Model) 2 #HZE A AL R
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& 58 %2 1 2 (The Fifth-Generation NCAR/Penn
State Mesoscale Model, MMS) * 2 fH 2= AT Jal 2245
X (Cloud-Resolving Storm Simulator, CReSS)A 5
2 #H HWRF #&={(Hurricane Weather Research and
Forecasting Model) * AMfFFEER R E &R TH
WEEBZTTREER  AO SN RS EE
Bt TR N B T o DATE R SRk i
J& AR TR E R A

2.2 SIMTOP #&3{

SIMTOP £ 2 /7% $% F i FR 3% 3 73 5E 53 A
(Skempton and Delory, 1957)1EFy4% HiTSE 58T
L HHE - RIFERN B PTG AR R - 3l R
/NS IR R B - SO AR AR E
ST RENEIZRRENE - MRS E AT
A #8ZFH# )J 7. (resistance force)l A +#8
YEBEHE] T 7, (driving force):Z FUE » Bl #8247
ZARE FS (factor of safety)Fr - #82 1B E T ;
HAE TR

FS=1r
Tq
(1)
_ C+p,gDcos’ Btang— p, gh, (t)cos” ftang

p, gDsin fcos S

A C BAESEERTIINMT 5 p, BB+ e
[kg/m’] p,, By7k f8% B [kg/m’] 5 p R MiZRi 2 fER
YFs s Ry NPEIR A o Ry B T (= 9.81 my/s?)
D By HHEIEE [m] 5 h,(6)Fy t FEZZ BORIKAL =
[m] » & T HEL2RHE FS = 1 B B1+-58 5
B SRR T - PR & 1 08 R T R SR
RE o ML 21RBs FS < 1 > BI4-88 2 5e
B JJRIRBHA T - PR E b T 08 & 2 AR Ve Bl
IR ATRERE - Kz > & FS > 11 |l
TR Mg REE) I/ NRBEAE T o PR E 1-BE
GERENHE - LXHATCHEZ A S
I 78 € M 2 FF ff (Montgomery and Dietrich,
1994; Wu and Sidle, 1995; Casadei et al., 2003;
Apip et al., 2010; Zizioli et al., 2013) -

() AT - L e R B RE L BRI/ AL
Z SRR » 2 DURT A R Mk SR =UAsi

BEAI/KAL = B (b, BERFFT ML BT - TS5
TREESR TR E M Z 31T © AISE % R st FE B
Z(TOPMODEL; Beven and Kirkby, 1979)174&
ViNTY g A o R Wy (DR G2 Sy B S
B Ak SCRE R (semi-distributed model) © &
FZHEWERHEEABARR - SIS /KE 2K
R BT+ R T DAGE S /K s i i B -3
A+ HESK SR BLERIE 7Kg 2 R EREE - e
B E VAT BRI R RS2 (root zone)
R EAFIE 7K /g (unsaturated zone) B B F1-5& 7K &
(saturated zone) 5 M E FEIMFRELEHAIZ /K G M2
PEE Ry BEATZRRIEERE 2 o RItLERIG BRI B2 B
FIZRAL BB Ay PR Ry

hwj(t):Dj_Zj(t)

B { [ u j } ............ 2)

=D, -z(t)-m| A-In
tan ;

T b (1) B ¢ IFZZ j ASEBEEARIKAT =S 5 Dy By
J AR B Z(0) B ¢ RERIEERIKATERE
ZIE 3 m Rt URE - AIREHU SR /KRR
KIG 5 a Bl tanp Felid& j A BB BT R BRI
R EAHIR IS 5 In(a/tanf) ks j 1 B BSAIHITE TR
#(topographic index, Kirkby, 1975) » A /K&
Fra A BB e BB 2~ - T ¢ RFRIRRA &
IR BRI AR R

Zt+1) =2(1)+0,(t) - At = O, (£) - Al oo (3)

b Z(0) B ¢ RELIBRI/K AT RS & SEH1H 5 Ou(0)
Fo ¢ WFZISE/KE H 1Rz & BEAN S 7K TR
OOy ¢ RFZIBERIE 7K P E R -

FE P {0 S IR e 70 AT B By /5 B FH A
a0 WL B R HIETTR e A BB AR ERS
B o SR > RS PR LR RE ] A A LR
BEZNE - WIREAREREFISE R MRE RS R - THE
KIARIRS ENGRS R - B ISRA - P
JRESERITEDL © Folk AR BEIAE B 32 %8 - ARHH
Fe) G AR V-8 2 2 PRI A S /K W 32 g
A A AEEH Q)R ()N EHT RS
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- a
j —z(t)—m(/l—ln(tanﬂ]j HPW tan ¢,

D
C. tan ¢;
+ +

FS(1) :%ﬁ: .

=| p,gD;sin B, cos B, tan f;

Hf FS(0) By ¢ WS SEKE A2 208 N
T KA BB - B KE L R
FS(f) < 1B » B ¢ B0 s |- B ) A A
WSy K G S 7 A R R AR E
T » K2+ B FS(t) > 1% » Bl ¢ 1512 Spis |-
RV ERE /N REE T » IHI R e AR

ERI -

2.3 ¥4 TAPEX E SIMTOP &5

ANHFFEHE FREHETh U TAPEX rh 78R8
HRFAEAXEHZ 20 HANEFAMGERR - S5
T ET B R I 2 BIRFERAIY R - SRS
FEHTER/KIE 2 KRR 6 /NRFRN R TEAS R WD
& SIMTOP ERIREEE - 7 HURHEiE AR 2K
1~6 /NRFIYER /K& I 2R - WA RAHR
BRI 1~6 /NRFIYE K S 2 2008 7]

{m1 I:F_Sz=l—6h J m, [FSr:l—Mr ] e m; I:F_St=l—6h ]}

T m, Femaofs § fHAYREEE B (member) © iff 5%
Hh Ryl o R BN EE B i B AR B 1B L 4
R R L BT T3 - KRG RIS
25% RS MR R 25~75% BB
B o [AF - W52 R A B 20 B B B (unit step
function) * DULFIBT & REKR B THENEES
GEFLEFAE - WNATR

1 if m |:F_St:1—6h:|<1 Unstable

I = .(6)

0 if m [ﬁ,zl_ﬁh]m Stable

AR 6/ R L 2 (R
LEECm, | FSiacon | <1) » BUBLALS REBHEEE By
1= 1) FRILREREZ AR 6 /NP R
SR 2 B T T KAL) - B SRR

pD; sin 3, cos 3

W R AR TR « L » Aok
6 /NI R T TSR K VA 2 2 R OK
TSGR 1 RO, [ FS1on |2 1) » RIS Wik
BIEGER 0 (1, = 0) > RIELRIERE m; LRI 6 7]
I FECHR I B Sl - 2 YEHBIRY )/ BELG
77+ BLINEEYE T SRR - AR
o Wi - RRETIRAZAER  FHTRE
SRR - ATRRTR

1
B e :Z[ll,tzl—()h thoen totl el (7)

Pty R AR 6 /NRFH AT RE RS 2 138 HR AN
BR > HBEREANR 0 2 1 - AWFRBERLIEE
ARy 0.5 TR R IR E(FERE —F DL LR
EREHERRE)  REHRRBRREER
0.5(Pr1.en > 0.5 » KA A R X
Z v /N 0.5 1 IR R AR E IR E -

2.4 FHEHIEE

Foa it X E N B iR B AR - vk
PR TH A R B B R LU R
FekL I i U HMERESR - B2 AR ] 43 Ry PUAE TS
& » 23Rk B/ A TER(hits) ~ 75 FRER/fETHH]
(misses) ~ #EARYE/ A TEEI(false alarms) ~ HEASR/
FETEH] (no events)(AIFE 1 Fif7R) o ST F1 FH EL43 48
HER > FFET{EHEIZR (Probability of Detection,
POD) * iR¥=&(False Alarm Ratio, FAR)CLK FEHYK

K1 REMHME
AR
] i 33
rotk A EN R
e A B3R/ TAR H R/ A TAR
" (hits) (misses)
- S 30/8 TAR] AR 3R/ TR
EViE
(false alarms) (no events)
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A ARBHED
S kAERE S

2%
KHF 35 e ’
7 ;_'%L;%m& > FoR R Y RN
i 2130M BRERIVIA 3
= sm BoRRV A4 Hu
012 4 6
—— km

2 MRTHREDIES -

#5843 (Threat Score, TS)Z =FEETAEEIE » DURERS
SIMTOP R B » HE R T AIZRATT
(Wilks, 2005; Schaefer, 1990)

hits

POD= LT P T PPN (8)
hits+misses
FAR - ldlsealarms 9)
hits+false alarms
hits (10)

hits+false alarms+misses

21(8)=Fr » FMEHEIR(POD)FRE LA Ly
EJE AR R E R T - AT ERHISR(POD)
HEIE Ry 0 2 1 E W {EHI=RPOD) L HAHE 1
FORARE TR REATEE « A1 PR EE R
i R (hits) 1T IS B R4 - SRR AR
DI S - HARESS KR o K@ AR
FEIHER(FAR)  A1(9) 2 HEREER (FAR) By it
Gt R 2D LEBIRT S 2 SRR A IR B
(false alarms) * E SRR (FAR)ZHAEHL 0 %
TR RERTEE « BEAh - eI ERHTEIRS 5
(TS)HEFTREEH » (10) = THIEIG 53 (TS) RN
FE R R (false alarms)F15ER (misses)HYEH{F » 7]
i R i A S P TE SR T FEIRISS3(TS)Z
HEEME Ry 0 2 1 ETHIRS 3 (TS HAHEL 1 -

For TR BE AT 5 SETHIRAES NS - TEIRIE
TS 0 °

= RAERMSH

KR ELRIITEES 9 FHMRERBRR
2010 42 2016 49 H 30 HAT# 42 B HRta 8
& DUETT RIS - #5000 SIMTOP
HEAEEE Rt FHIGE T - SSANE SRR
o 55 -RE TR SR AR » DU 58 0 B A ey B R B 4
P BN R ISR 3 T =0 E TR A
MR REE RN TR AR - 1T A
BaTHE o M LR -

3.1 WHREE R

2015 FripagcdEPas SN ERIFTALT S
Al » SER IR EHIE S 9 FH 9.8K ~ 10.2K E%
AR R HR R SR B & A
HRET o SRR ARSI RIS, » B R E R
RAGTIAEE o ORI S A TG B Ry
HULE/KE - HHHERAT B A R BRI - Hoh
NEEAE 2 AR - B SRR S A Ry 870
SR i R 2,210 A R SEEgH ER 0.562
ZEEME BN = FESEAE  EEEK
WAL CA M R EUA AR ETDAS ) ~ REE Ak
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xK2 MEREKEZMXASF

12 E EKE k@A A mD) | BAEE L (km) | FH3E S (m/m) | BRILE S, (m/m)

I 0.53 1.39 0.495 0.229

II 0.58 0.32 0.579 0.256

B 1 0.59 1.17 0.724 0.322

v 0.62 0.80 0.589 0.313

% 0.37 0.10 0.467 0.271

K3 LHBUBSEKEZERERERDITSG
R RETE ZHTHE i 3 B HHERE .
;;E e (fm/hj ?(;m)z ’ (hi; ! (ﬂj;/s)2 R
1996/07/30 43.94 603.99 51 2320 W
1997/08/28 37.64 481.94 42 1550 B
LB

1998/10/04 25.88 399.01 81 708 B
2000/08/22 25.47 315.44 41 788 B

R EH AR RE RS AL - EHHEECEEE
Tkl + ~ G~ RO RORG 1) ~ SR G IES ~ PaA
B RE G SE - TCr Ry RE Ao R AR AT T 1Y 3
TSR A P B 2 8 DIREEME T
Wiz L aRI LGSR K Ryt = Sk I - Bl
WK - T2 e e BlEsas T
E o BRAh » RIFUARIBTB R R R B gk LR
FilRz EAR TS E id BAE A A R R A
PRIGRCKE B AR RS SR BGERGETL
TRARES 9 R 5 RSB BRI FBikeE
KT 2 FR) © 2058 2 Fos 0 B
EEEERXSHT 1SS 9 FERSEKE 1 R
0.53 SEHAH » B/KETHE Fy 0.495 5 TS
7K 11 (5 9 FER 9.8K) I Ky 0.58 SN H - 42
TKESEEI Ry 0.579 5 THAE/KE 1T (5 9 HER
10.2K) iRy 0.59 SETAE » E/KESFIHE T
Ry 0.724 5 TEI/KE TV HE Ky 0.62 SEHAE » £
TR 3% Ry 0.589 5 TEE/KIE V IR Fy 0.37
AR - SKESHIIE Fy 0.467 © 2010 -2
2016 AR » PRI IEASE 2L S R SE N - - 3
3 RFEERE R E B 530 R

JREJE(2015 4F) ~ AEREEJEL(2015 5F) LRz e g &
(2016 4F) ©

3.2 SIMTOP {EX REF A7

BF 8 H e 5t Ry 8 i St T2 i3 S0 =0 g vt 14
M E B REEN - #H 1996/07/30 »
1997/08/28 ~ 1998/10/04 ~ 2000/08/22 ZEPYLE %
MK » W13 3 Fivs - LT/ NRFTR B PRV TR
REHRE ST AT < BT L3RI LR ik ARG
Rl B R B A R AR B R B 51
J& -+ ERIEA PP iR A2 (EQ,) ~ BHIE T R E
IRFZIRRA(ET,) ~ BERERE(CE) LB AHRI R B CC)
FEVYRERTSRA - DUBRRE R RO U R RN
VARG SR B H TR SREEANER 4 - BB
P AT R AP T AR A By 15.9% 5 e Akl
TR EERAER A Ry 1 /NKF 5 10 SRR B ELAH
RATREA] A » ACSk B RN T R R A = A
BAlE - BB R B N ELA BRI RS
R o TS RISAD - T8k SRR 28 m
By 0.06m » HIFRETFI 32 K JJEEE K Ry 5 %
107 m/s » ARSI B AR B Skzmas £y 0.02 m ©
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x4 LBUBEKEERREER

A P e T U kel BN Y e
EQp (%) T () CE cc
1996/07/30 15.9 1 0.883 0.978
1997/08/28 6.1 -1 0918 0.967
EHtE
1998/10/04 10.4 0 0.858 0.967
2000/08/22 1.1 -1 0.805 0.965
K5 RBHPABRRESEHEITNENSEMIRE (2016 58 7HR)
2E E01 EER- AL
®EFEE R, >25 mm or R, > 200 mm
5o 7a P 6, R, >35 mm or Ry >250 mm
(B RB) i (@) R > 50 mm
4 B ATE (b) Ry > 45 mm and Ry4 > 350 mm
(¢) R; =40 mm and R4 > 380 mm

FE IR AW LN RAAE S Ry HAT 24 N RA®E

TSR E AT LR 28 RIS HEDE
BRER AR A T A SR U R B R e
R EIREGT A A E SRR - DUH S
SRR PR NG L2 IREARIAE o PR R
J& 2000 kg/m’ ~ NEEHEFE 30 FE ~ DU A SGER ST
2.0 kPa JEITILAE T - Lt HHE SO E PR
BEEEGTAMZ T2 EEE - e DU
— AR 2 BGHETT 2010 422 2016 25 o

ARWFFEAET.S SIMTOP RE= TRt & 1
PR35 35 75 5 40 7 B G ERL B R 1 7K SRS o3 A s
R R FRE K E At SO R DU T =
H o WFFE A ER A BERHIEGR] Sm > Sm BUEERE
Zk} - WA Lee (1998) A3 7 B{H i fe
2 DUE SR /K SCRE A g o 3SR - (A0 5% 2
Fir&1l) o WFZEHER T AR SIMTOP U A
FAER TEIIGRE T T - 5340 g FH HA LRI R 50 - A R
FURAR » DU 1 A ey B B A 4 e BN
EEEIR 5)% 3 X G 9 K
B 2010 FE2 2016 a2 B ARt sk s -
DUEAT RIIREAL AL -

AR A Z2 it 38 R 1 58 g R i =X 78
HIEETT - HHFFREIEFY 2010 4F 1 H 1 HZE 2016

9 H 30 HAngd: 288 it s » DUEITR
IR E - N6 3 AR - BT EER R IR RS &R
FRERL - T AL RERER T AR K 1 Sk
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* 6 SMAEWENRERBONIER

— B R A E (mm) 3 i RN K
1-h 3-h  6-h 12-h  24-h Y/N Hong Caine % # & FS <1
2010/02/11 rainstorm 12.0 29.0 32.0 320 33.0 v v
2010/05/29 rainstorm 20.0 45.0 50.0 550 64.0 v
2010/06/22 rainstorm 320 69.0 73.0 73.0 77.0 v v
2010/06/23 rainstorm 26.0 42.0 43.0 430 97.0 v v
2010/06/28 rainstorm 18.0 22.0 22.0 260 320 v
2010/07/14 rainstorm 17.0 20.0 20.0 20.0 20.0 v
2010/08/14 rainstorm 350 41.0 41.0 41.0 41.0 v v vV v
2010/08/30 Typhoon Namtheun  15.0 37.0 43.0 46.0 64.0 v
2010/09/03 rainstorm 25.0 25.0 250 250 250 v v
2010/09/11 rainstorm 18.0 20.0 20.0 200 21.0 v
2010/09/19 Typhoon Fanapi 22.0 42.0 68.0 104.0 138.0 v
2010/10/21 Typhoon Megi 26.0 69.0 96.0 171.0 308.0 v v v
2010/10/25 rainstorm 25.0 59.0 94.0 125.0 138.0 v
2010/11/25 rainstorm 80 21.0 40.0 630 650 v
2011/05/12 rainstorm 67.0 123.0 125.0 129.0 139.0 v v vV v Vv
2011/05/14 rainstorm 18.0 29.0 48.0 760 85.0 v v
2011/05/27 Typhoon Songda 13.0 28.0 41.0 530 740 A v
2011/06/12 rainstorm 41.0 85.0 102.0 102.0 102.0 v v v
2011/06/16 rainstorm 25.0 31.0 31.0 31.0 440 v v
2011/06/25 Typhoon Meari 45.0 65.0 149.0 190.0 213.0 v v v
2011/06/28 rainstorm 16.0 30.0 31.0 31.0 34.0 v v
2011/07/15 rainstorm 22.0 41.0 440 450 450 v v
2011/07/25 rainstorm 22.0 22.0 220 220 220 v v
2011/07/26 rainstorm 43.0 67.0 67.0 670 67.0 v v v %
2011/08/28 Typhoon Nanmadol  14.0 27.0 47.0 70.0 119.0 A v
2011/09/02 rainstorm 20.0 24.0 24.0 240 30.0 v v
2011/09/15 rainstorm 19.0 19.0 20.0 20.0 20.0 v v
2011/10/01 rainstorm 27.0 53.0 91.0 113.0 127.0 v v
2011/10/03 rainstorm 22.0 53.0 86.0 120.0 201.0 v v
2011/10/13 rainstorm 42.0 62.0 62.0 620 62.0 v v v
2012/02/24 rainstorm 11.0 24.0 440 780 88.0 v v
2012/04/11 rainstorm 22.0 39.0 57.0 570 57.0 v v
2012/04/11 rainstorm 22.0 39.0 570 570 57.0 v v
2012/04/20 rainstorm 22.0 240 27.0 390 39.0 v v
2012/04/26 rainstorm 18.0 32.0 40.0 49.0 73.0 v v
2012/05/04 rainstorm 11.0 27.0 350 410 420 v
2012/05/09 rainstorm 27.0 39.0 41.0 410 41.0 A v \
2012/05/15 rainstorm 20.0 38.0 450 450 450 v v
2012/05/17 rainstorm 16.0 30.0 33.0 330 50.0 v v
2012/05/19 rainstorm 25.0 38.0 40.0 40.0 44.0 v v v
2012/05/30 rainstorm 19.0 45.0 54.0 570 85.0 v v
2012/06/08 rainstorm 16.0 28.0 28.0 28.0 28.0 v v
2012/06/12 rainstorm 29.0 69.0 108.0 168.0 233.0 v v
2012/06/16 rainstorm 40.0 61.0 61.0 61.0 70.0 v v v
2012/06/26 rainstorm 17.0 28.0 28.0 28.0 28.0 v v
2012/08/03 Typhoon Saola 41.0 118.0 183.0 270.0 367.0 v v v v v
2012/08/09 rainstorm 27.0 440 470 470 47.0 v v
2012/08/11 rainstorm 19.0 27.0 27.0 270 27.0 v v
2012/08/17 rainstorm 27.0 340 350 350 350 v v
2012/08/22 Typhoon Tembin 29.0 56.0 680 77.0 95.0 v v
2012/09/14 rainstorm 22.0 50.0 58.0 630 650 v v
2012/09/15 rainstorm 15.0 30.0 42.0 51.0 113.0 v
2012/11/22 rainstorm 19.0 25.0 33.0 330 33.0 v \
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* 6 SMEASRWRZNRERBOTERBE

Gt 34 32 £ (mm) Wi RRAEM ORLh [N
I-h 3-h  6-h 12-h 24-h  Y/N  Hong Caine § # &« FS <1
2012/11/23 rainstorm 23.0 50.0 60.0 740 92.0 v v
2012/12/08 rainstorm 8.0 22.0 390 60.0 88.0 v
2013/03/28 rainstorm 170 21.0 22.0 230 26.0 v
2013/05/11 rainstorm 10.0 28.0 41.0 520 58.0 v v
2013/05/12 rainstorm 15.0 27.0 340 460 46.0 v
2013/05/21 rainstorm 120 27.0 29.0 350 56.0 v
2013/06/04 rainstorm 23.0 57.0 740 850 85.0 v v
2013/06/05 rainstorm 16.0 18.0 18.0 19.0 63.0 v
2013/06/23 rainstorm 52.0 65.0 65.0 650 650 v v vV v
2013/06/24 rainstorm 25.0 28.0 320 320 92.0 v v
2013/07/07 rainstorm 17.0 18.0 18.0 18.0 27.0 v
2013/07/13 Typhoon Souli 36.0 85.0 137.0 173.0 182.0 v v vV v
2013/07/15 rainstorm 23.0 27.0 27.0 27.0 28.0 v v
2013/08/21 Typhoon Trami 45.0 98.0 167.0 257.0 310.0 v \4 vV v
2013/08/23 rainstorm 59.0 90.0 92.0 92.0 92.0 v v v
2013/08/31 rainstorm 55.0 103.0 185.0 212.0 293.0 \ v vV v
2013/09/18 rainstorm 22.0 29.0 37.0 39.0 40.0 v v
2013/09/21 Typhoon Usagi 23.0 39.0 51.0 73.0 113.0 v v
2013/10/06 Typhoon Fitow 19.0 41.0 75.0 144.0 191.0 v v
2013/12/17 rainstorm 7.0 18.0 320 57.0 91.0 v
2014/02/09 rainstorm 80 18.0 30.0 57.0 103.0 v
2014/03/13 rainstorm 13.0 34.0 38.0 450 55.0 v v
2014/05/05 rainstorm 10.0 28.0 39.0 47.0 78.0 v v
2014/05/15 rainstorm 23.0 31.0 38.0 40.0 41.0 v v
2014/05/20 rainstorm 16.0 28.0 30.0 350 38.0 v v
2014/05/21 rainstorm 22.0 28.0 450 59.0 93.0 v v
2014/05/24 rainstorm 13.0 26.0 40.0 40.0 40.0 v
2014/05/25 rainstorm 23.0 31.0 31.0 310 71.0 v v
2014/05/28 rainstorm 18.0 28.0 30.0 31.0 43.0 v v
2014/06/06 rainstorm 140 34.0 450 480 80.0 v v
2014/06/07 rainstorm 16.0 37.0 51.0 560 57.0 v v
2014/06/08 rainstorm 42.0 60.0 62.0 62.0 109.0 v v vV v
2014/06/18 rainstorm 19.0 22.0 29.0 290 29.0 v v
2014/06/22 rainstorm 37.0 63.0 67.0 68.0 68.0 v v
2014/06/23 rainstorm 68.0 125.0 150.0 156.0 159.0 v v v
2014/06/29 rainstorm 17.0 35.0 46.0 59.0 59.0 v v
2014/06/30 rainstorm 32.0 48.0 51.0 51.0 106.0 \ v v
2014/07/08 rainstorm 17.0 23.0 26.0 340 46.0 v
2014/07/11 rainstorm 38.0 75.0 78.0 79.0 79.0 v v vV v
2014/07/23 Typhoon Matmo 13.0 26.0 44.0 740 109.0 v v
2014/07/31 rainstorm 40.0 64.0 64.0 650 650 v v vV Vv
2014/08/02 rainstorm 23.0 45.0 45.0 450 450 v v
2014/08/11 rainstorm 39.0 51.0 52.0 52.0 54.0 \ v v
2014/08/13 rainstorm 28.0 53.0 56.0 56.0 56.0 v v
2014/08/21 rainstorm 16.0 22.0 24.0 240 240 v
2014/09/09 rainstorm 27.0 34.0 340 340 340 v v
2014/09/21 Typhoon Fung-Wong 59.0 112.0 128.0 167.0 209.0 v vV v
2014/09/24 rainstorm 16.0 20.0 22.0 220 32.0 v
2014/09/24 rainstorm 58.0 74.0 79.0 82.0 107.0 \ v vV VvV v
2014/10/10 rainstorm 10.0 25.0 450 77.0 120.0 v v
2014/11/02 rainstorm 11.0 30.0 39.0 58.0 67.0 v v
2014/11/17 rainstorm 120 33.0 58.0 97.0 170.0 v v
2015/03/23 rainstorm 10.0 23.0 42.0 58.0 74.0 v v
2015/05/01 rainstorm 19.0 22.0 23.0 230 23.0 v \
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— B AfEAE (mm) #HE R A BM DR B iP;'L‘
I-h  3-h  6-h  12-h 24-h Y/N Hong Caine % # % FS <1

2015/05/12 rainstorm 20.0 360 39.0 39.0 39.0 v v
2015/06/07 rainstorm 340 81.0 99.0 99.0 99.0 v v
2015/06/12 rainstorm 30.0 36.0 36.0 360 36.0 v v
2015/06/13 rainstorm 95.0 131.0 131.0 131.0 167.0 v v v
2015/06/15 rainstorm 20.0 29.0 29.0 29.0 29.0 v v
2015/06/21 rainstorm 42,0 880 89.0 89.0 89.0 v v v
2015/06/23 rainstorm 31.0 640 700 720 720 v v \
2015/07/10 Typhoon Chan-Hom  22.0 43.0 72.0 127.0 169.0 v v
2015/07/12 rainstorm 32.0 68.0 80.0 81.0 82.0 v v \
2015/07/26 rainstorm 26.0 28.0 28.0 28.0 440 v v v
2015/07/27 rainstorm 32.0 320 320 320 320 v v v
2015/07/30 rainstorm 51.0 52.0 520 520 520 v v v v
2015/08/05 rainstorm 22.0 220 220 220 220 v v
2015/08/08 Typhoon Soudelor 69.0 170.0 298.0 416.0 510.0 v v v v v v
2015/08/13 rainstorm 23.0 38.0 44.0 450 450 v v
2015/08/18 rainstorm 39.0 440 53.0 530 530 v v % v
2015/08/27 rainstorm 28.0 42.0 440 48.0 66.0 v v v
2015/09/01 rainstorm 350 510 59.0 60.0 60.0 v v % v
2015/09/02 rainstorm 42.0 88.0 89.0 89.0 138.0 v v \ v
2015/09/06 rainstorm 19.0 50.0 58.0 78.0 90.0 v v
2015/09/16 rainstorm 33.0 550 550 550 580 v v \
2015/09/28 Typhoon Dujuan 48.0 122.0 209.0 303.0 388.0 v v v v v v
2015/10/09 rainstorm 11.0 260 440 72.0 114.0 v v
2016/01/23 rainstorm 60 11.0 290 51.0 920 v
2016/03/10 rainstorm 7.0 220 340 61.0 103.0 v
2016/03/13 rainstorm 17.0 28.0 450 56.0 59.0 v v
2016/04/17 rainstorm 17.0 260 260 260 26.0 v
2016/04/26 rainstorm 31.0 560 56.0 56.0 58.0 v v v
2016/04/27 rainstorm 12.0 260 38.0 40.0 44.0 v
2016/05/05 rainstorm 19.0 28.0 47.0 49.0 49.0 v v
2016/05/10 rainstorm 13.0 360 49.0 64.0 66.0 v v
2016/05/15 rainstorm 66.0 107.0 108.0 108.0 108.0 v v \ v
2016/05/16 rainstorm 18.0 29.0 34.0 340 39.0 v v
2016/05/30 rainstorm 18.0 37.0 41.0 58.0 58.0 v v
2016/06/08 rainstorm 150 340 350 350 51.0 v v
2016/06/09 rainstorm 16.0 260 28.0 28.0 28.0 v
2016/06/17 rainstorm 320 73.0 97.0 106.0 106.0 v v v
2016/06/18 rainstorm 37.0 46.0 47.0 470 51.0 v v v
2016/06/20 rainstorm 250 27.0 29.0 29.0 29.0 v v
2016/06/24 rainstorm 16.0 30.0 30.0 30.0 30.0 v v
2016/07/02 rainstorm 72.0 78.0 78.0 780 78.0 v v v v
2016/07/11 rainstorm 23.0 31.0 32.0 440 450 v v
2016/07/12 rainstorm 340 67.0 700 70.0 76.0 v v \
2016/07/14 rainstorm 26.0 360 38.0 38.0 380 v v \
2016/07/17 rainstorm 350 390 390 39.0 39.0 v v \ v
2016/07/18 rainstorm 22.0 27.0 28.0 28.0 280 v v
2016/07/20 rainstorm 16.0 30.0 30.0 30.0 30.0 v v
2016/08/06 rainstorm 18.0 350 350 350 350 v v
2016/08/11 rainstorm 240 31.0 380 59.0 620 v v
2016/09/06 rainstorm 430 61.0 71.0 740 740 v v v v
2016/09/09 rainstorm 445 705 102.0 119.5 119.5 v v vV v
2016/09/14 Typhoon Meranti 21.0 355 635 875 1135 v v
2016/09/17 Typhoon Malakas 155 430 685 1175 175.0 v v
2016/09/27 Typhoon Megi 49.5 126.5 192.0 292.5 365.5 v \ \ vV v v

91—



* 7 RERBRERMFHEHER

KR BERRBSTAE FA SR R wh 42 P EGE A S V] $¥“W
AR Caine Hong * & 1% & it FS <1
s ok 161 138 67 37 12 4
111 POD 1.000 1.000 1.000 1.000 0.330 1.000
(69 ¥ 10.2K) FAR 0.980 0.980 0.960 0.920 0.900 0.250
TS 0.020 0.020 0.040 0.080 0.080 0.750
K 8 ERETERMBRAREBRIBEN DN SBH
Be A E 1 Hik BRI B3R R B
MEE 01617 #_E 2016-09-25 23:30 # E 2016-09-28 17:30
(MEGI) B £ 2016-09-26 11:30 B E 2016-09-28 17:30
By 01616 #_E 2016-09-15 23:30 #_E 2016-09-18 08:30
(MALAKAS) B b 2016-09-16 08:30 B b 2016-09-18 02:30
EHMF 201614 #_E 2016-09-12 23:30 #_E 2016-09-15 11:30
(MERANTI) b 2016-09-13 08:30 B _E 2016-09-15 11:30
RAG 4 201601 #E 2016-07-06 14:30 #E 2016-07-09 14:30
(NEPARTAK) F £ 2016-07-06 20:30 B £ 2016-07-09 14:30
ARG 01521 #_E 2015-09-27 08:30 #_E 2015-09-29 17:30
(DUJUAN) B _E 2015-09-27 17:30 B _E 2015-09-29 17:30
Rk B 01513 #_E 2015-08-06 11:30 #_E 2015-08-09 08:30
(SOUDELOR) B b 2015-08-06 20:30 B _E 2015-08-09 08:30
g 201509 #E 2015-07-09 05:30 #_E 2015-07-11 11:30
(CHAN-HOM) B _E 2015-07-09 20:30 B _E 2015-07-10 23:30
%7t 201510 #_E 2015-07-06 08:30 %k 2015-07-09 05:30
(LINFA) B b 2015-07-07 02:30 B b 2015-07-07 14:30
RAEIF 501410 %k 2014-07-21 17:30 £ 2014-07-23 23:30
(MATMO) F_E 2014-07-22 02:30 % F 2014-07-23 23:30
JRUZ 201416 #E 2014-09-19 08:30 #E 2014-09-22 08:30
(FUNG-WONG) B b 2014-09-19 20:30 B b 2014-09-22 05:30

3.3 #4 TAPEX £ SIMTOP 5= 2 HRiBTELR
W12% 8 Fii AR HER 2016 B AR%F
IR  FEHDR - M IEEE I 5 2015 F5EAE BB
e R ~ FLAS 5 LUK 2014 FEBEUR  ZRFEMY
REEE 10 SGREHL R 2 R BIIIN & - REE
ERENTHRE R LG RS &R - WL L RE
JRVEE R AT B AERRINF T TR E PRV TR
BLEEJE R =000 A B 3es - 4018 4 BiR O Fiv »
A 7 0 5 P Y TH i B I A 5 = TR
RICEHERKEEER » FREUR 2016 FHHREEE
JB\~ 2015 FEATHR B o E R R\ 3 850 8% AR B I

AR BEUE S - BHRER/KIE 111 (& 9 HF 10.2K)
R FEHAS ISR (POD) K ks 0.73 » 3%
HER(FAR) Ry 0.33 @ TR R(TS) K By
0.53 DU IFRESR(ACO) R Ry 0.90 « HERAYGA
25 2E FRiE K et 35 (R P REHE I TR (R
R ER) - fDAEHNEKE 1T (5 9 H
10.2K) 3 B i K F R T A R
PR THERAS S -

At 4 Fros - AREEGERFRHEARZE 6 /MR
BHE - RN FEREERK - TN EEERE
RN R RE S - RITLE TR AR - %

—9—



M 3hr Shr 2hr . hits
= FAIRE A B 69 hr . false alarms

. misses
. no events

2hr 7hr 3hbr

= 59 hr
e 3hr 8hr 4hr
R i35 56 4 05 1 70 hr

4 58 TAPEX Ed SIMTOP B Z TR ©

K9 BEREEERWRBRLZBRIBREINZ DGR

R ESE B AR
JRE A3 R i 2R false no
A hits misses POD  FAR TS
alarms events

HidE(Megi) Yes 69 9 3 2 55 075 0.8  0.64
% %)+ (Malakas) No 58 0 0 0 58 - 0.00 -
X % (Meranti) No 37 0 0 0 37 - 0.00 -
J&. 46 4% (Nepartak) No 72 0 0 0 72 - 0.00 -
A£B5(Dujuan) Yes 59 7 2 3 47 078 030  0.59
# 14 %) (Soudelor) Yes 70 8 3 4 57 073 033  0.53
5 #,(Chan-Hom) Yes 54 0 0 0 54 - 0.00 -
# 7 (Linfa) No 69 0 0 0 69 - 0.00 -
2453 (Matmo) No 54 0 0 0 54 - 0.00 -
JBUZ(Fung-Wong) No 7 0 0 0 7 - 0.00 -

3E - CQLBRNR R TI BUR M 0 B k& IkE4T POD $ TS SRR A

RS EERE S 3 RLUEHB/ EEE
(misses)(JETFHEIAZK 6 /INRFHR FS < 1)¥EEETLE M~ 4554
F RS AT+ TR A TR false. alarms)FFEY R
(false alarms) (EEETER) K7 A4 A HHE S A 1 - B ST R8I B4R SIMTOP fis, -
RS - WD 4 /NSRRI R R R B R SR

-03—



TR SRR LY IS E AT - DU R RS AR
KRG - SRR /K 7 B T 2 A PR By A
b » FE L FEEISR /K 6 28 A 3 T R R BT
B o BRTREB SRR SR, - WREFH R
SRS AR AL L - DT R EEKE L S
PRI 5 RIS A SE P R R 1 - AR
NS SR S AR » (R A SR B /K SCE,
SR TSR EAIRRE - AFErh e AR b
AR IR AT 5 R R EKE - am i E
B BT E [ IREH RIFRYTHEIGE R -
BEAN - FEFH SIMTOP f = ATis R EL ST B K
kg - DIEKE I (B 9 B 10.2K) BHl -
SIMTOP =0 A 5 At K & AEHI=R(POD)
By 1.00 0 BER(FAR) B 0.25 » DU FEIRTESH(TS)
= 0.75 o [FIRF » Ryl insk S5 et 2 A e -
AWFFEHE P A5 E RPN THINE = - DATHIIER K
BRI 6 8/ NREZ RENIETE » WSS SIMTOP
PR HET TSI At T - SR Sk @ S
FREB R AR 2 - DISE /K 1T (5 9 R 10.2K)
Z 10 eI FAHEAS R A - SR AR A
REf iz AIERHISR(POD) Ky 0.73 LA I BRERR(FAR)
By 0.33 LUK TEIRIESH(TS) By 0.53 DL F - 2 LU
AT RS TH I AT E b L L B A AR K R AN
[ » DA NS SRRt Re ] - ek A B (Bl
#HE -

ZERK

128N St 1201 1) WIS R ETHER ST
V2B D) - KRR - 539 % - 52
1392) S E1ISH -

2. Apip, Takara, K., Yamashiki, Y., Sassa, K.,
Ibrahim, H. F. (2010) A distributed hydrological-
geotechnical model using satellite-derived rainfall
estimates for shallow landslide prediction system
at a catchment scale. Landslides, 7, 237-258.

3. Beven, K. J., Kirkby, M. J. (1979) A physically
based variable contributing area model of basin
hydrology. Hydrol Sci Bull, 24(1), 43-69.

4. Caine, N. (1980) The rainfall intensity-duration

control of shallow landslides and debris flows.

10.

11.

12.

13.

—94—

Geografiska Annaler, 62, 23-27.

Cannon, S. H., Ellen, S. (1985) Rainfall
conditions for abundant debris avalanches San
Francisco Bay Region. California Geology, 38,
267-272.

Casadei, M., Dietrich, W. E., Miller, N. L.
(2003) Testing a model for predicting the time
and location of shallow landslide initiation in
soil-mantled landscapes. Earth Surface Processed
and landforms, 28, 925-950.

Ho, J.-Y., Lee, K. T.* (2017) “Performance
evaluation of a physically-based model for
shallow landslide prediction, Landslides, 14(3),
961-980.

Hong, Y., Adler, R., Huffman, G. (2006)
Evaluation of the potential of NASA multi-
satellite precipitation analysis in global landslide
hazard assessment. Geophys. Res. Letter, 33,
1L.22402.

Iverson, R. M. (2000) Landslide triggering by
rain infiltration. Water Resources Research,
36(7), 1897-1910.

Keefer, D. K., Wilson, R. C., Mark, R. K,
Brabb, E. E., Brown, W., Ellen, S. D., Harp, E.
L., Wieczorek, G. F., Alger, C. S., Zatkin, R. S.
(1987) Real time landslide warning during
heavy rainfall. Science, 238, 921-925.

Kirkby, M. J. (1975) Hydrograph Modelling
Strategies In: Process in Physical and Human
Geography R Peel M Chisholm and P Haggett
(Editors), 69-90.

Lee, K. T. (1998). Generating design hydrographs
by DEM assisted geomorphic runoff simulation:
a case study, Journal of the American Water
Resources Association, 34(2), 375-384.

Lee, K. T., Ho, J.-Y. (2009) Prediction of
landslide occurrence based on slope instability
analysis and hydrological model simulation.
Journal of Hydrology 375: 489-497.

. Lee, C.-T., Huang, C. C,, Lee, J. F., Pan, K. L.,



15.

16.

17.

18.

Lin, M. L., Dong, J. J. (2008) “Statistical approach
to storm event-induced landslide susceptibility,”
Natural Hazard and Earth System Sciences, 8,
941-960.

Montgomery, D. R., Dietrich, W. E. (1994) A
physically based model for the topographic
control on shallow landsliding. Water Resources
Research, 30(4), 1153-1171.

Schaefer, J. T. (1990) The critical success index
as an indicator of warning skill. Weather
Forecasting, 5, 570-575.

Skempton, A. W., Delory, F. A. (1957) Stability
of natural slopes in London clay. ASCE Journal,
2,378-381.

Wieczorek, G. F. (1987) Effect of rainfall
intensity and duration on the debris flows in
California.

central Santa Cruz Mountains

Geological Society of America Reviews in

19.

20.

21.

—95—

Engineering Geology, 7, 93-104.

Wilks, D. S. (2005) Statistical methods in the
atmospheric sciences, second ed., Elsevier.

Wu, W., Sidle, R. (1995) A distributed slope
stability model for steep forested basins. Water
Resources Research, 31(8), 2097-2110.

Zizioli, D., Meisina, C., Valentino, R., Montrasio,
L. (2013) Comparison between different approaches
to modeling shallow landslide susceptibility: a
case history in Oltrepo Pavese Northern Italy.
Natural Hazards and Earth System Sciences, 13,
559-573.

WiEHEHE - RE 1064 5 B 9 H
{EFEHE - EB 106 7 B 13 H
EZHE - RE 106 7 B17H




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005B683964DA300C0032003400300030006400700069002D0036300D005D00204F7F752890194E9B8A2D7F6E5EFA7ACB7684002000410064006F006200650020005000440046002065874EF69069752865BC9AD854C18CEA76845370524D5370523786557406300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C4F86958B555F5DF25EFA7ACB76840020005000440046002065874EF63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 175
        /LineArtTextResolution 2400
        /PresetName (2400dpi)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.275 841.890]
>> setpagedevice


