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Effective Real-Time Forecasting of Inundation Maps
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ABSTRACT

The inundation resulting from typhoon rainfall frequently causes loss of life and

serious economic damage. Efficient and accurate forecasts of inundation depth are

necessary for inundation warning and mitigation. In this study, an effective real-time
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forecasting approach is proposed to yield 1- to 3-h lead-time inundation maps during
typhoon periods. The proposed model is composed of three steps: determination of
inundation points, point forecasting and spatial expansion. First, 7-Eleven stores are
determined as inundation points for the point forecasting. Second, the support vector
machine (SVM) is used as the computational method to develop a point forecasting model
to yield inundation forecasts for each inundation point. In addition, the SVM-based model
is compared with an existing model based on the back-propagation network (BPN) to
Third, based on the forecasted

depths and the geographic information, the point forecasts are expanded to the spatial

show the improvement in point forecasting performance.
forecasts using the proposed spatial expansion model. An application to Chiayi City is
conducted to demonstrate the superiority of the proposed model. The results show that
the percentage of the number of inundation points for which the SVM-based model
performs better than the BPN-based model is from 50 % to 100% for 1- to 3-h lead-time
forecasting. The percentage of the number of inundation points for which proposed

model performs better than SVM-based mode is from 76 % to 100% for 1- to 3-h lead-

time forecasting. The proposed model effectively improves the forecasting performance.

Moreover, the proposed model can provide accurate inundation maps for 1- to 3-h lead
times. In conclusion, the proposed forecasting model is expected to be useful to support

inundation warning and mitigation.

Keywords: Inundation forecasting, Inundation map, Support vector machine, Back-

% propagation network.
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R - B % MR S8R % X (Hunter et al.,
2007 5 Mason et al., 2009 ; Bates et al., 2010) ° 1F
TR A K =0 IR 24 - B
Cunge et al. (1980)Frf2 UMM KL - Fhyt
RV 22 R B SR - bR B /K TT R
HIRZIRAR » N5 R —HE B AR IR Kok SRS
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fE - AR AT E IR 1 ~ Bk R AR e
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% W3 7K 1 5% i 9% 2% 12 F 3 (Supharatid et al.,
2006 ; GEI 2013 ; Haltas et al., 2013 ; Haltas et al.,
2016 ; Dimitriadis et al., 2016 ; FREXEESE > 2013 ;
MRk > 2014) » HA 38 Bk o i P
(Federal Emergency Management Agency, FEMA)
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e B AR ERE - R P R DU LS
% (artificial neural networks, ANN)ZRZEEE 7K
THERAE X (Chang et al., 2010; Pan et al., 2011;
Shen and Chang, 2013; Lin et al., 2013b; Chang et
al., 2014) ° Chang et al. (2010)# F-R [E] BRI
THIRERNE R - A PR ARG TR © 15

B /KGR B R - KB RHK IR SRk
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JEUAR B 1S YT 1 = P e A BRL T 5 E RiTIR
HHEZ - 41 RFERVEFRTHE(Lin and Chen, 2004)
7k FE#R(Chang and Chang, 2009) ~ 23R & THIR
(Chidthong et al., 2009)3% ©

S 28U R A A B — SZ 48 171 & B (support
vector machine, SVM)TEZF% /K RE - E IS
FEERI R B (Yu et al., 2006; Yu and Liong,
2007)°Lin et al. (2009a, 2009b)&H 5[y & ki & 78
HAIRTEHR - DISZER S EREE Ei  EFY
I {25 3% 2 b %8 4 % (back-propagation network,
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SRR T IPEE R - BCRE - MATRER SR
(Al A AR (LR M i S R YERTE ~ oraft
HGHE o TE#/KTEERIGIFFE SR » Lin et al.
(2013) s FHRTHARN f S /KBRS Bk » K&
FHEE R DL K-means 3174048 #3 LL SVM
T BRI WK PR « PRI IR SRR
L BPN & SVM AR v i /K PR AR A 2%
B o KL - ARWFFEEELL BPN bz SVM B RLpiiEaT
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% HH Vapnik 7E 1990 AR HAZE R H SVM 2K
AR ET ST FERI RIRE - SEAE 1995 47K I H i ]
R R ATHIRE - - XIRERTEEE
FUEESFEES - 55— » SVM i ARG AE (LR Bt i/ )N
#7235 (Structural Risk Minimization, SRM) *
] DR HAERR 22 b B+ [RIRF 58 T RS
ARG - IR RE R —ERVHERERE - X
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7 $% 18] & [B] §F 1% (Support Vector Regression,
SVR) » HEFRY B R v DI £ 2% EH
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B E ) o FHRE N EIlKER
(G600 o Gy, ) = B AT 5
TR FEAR M A B (nonlinear mapping function) ¢(x)
A A R 2 o [RILAS E A B x AR
A D BB ERRATT ¢

P=LX)=WHX) +D e, (@)
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R:%WTW+CZL€()7,.) .............................. @)
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Horro L, By Vapnik FTE AR C Ry
FRE
L) =|y-f),

_{ 0 for |y=fx)|<e )
Ny-s@|-e for |y-fx)|ze

JitE A Q2) TSR — RIS 3 o QR A
RIS B s 2 - {ELBOR 2 3 A M A e AR 2

Ko —MeRE#  MERARERE - TR
BT R s AR R = el )
BEE s ISR REEN
FiKrEhLR - HAR SR A BB (over fitting)
HITETE 5 R » B I - S B Y
REJTEBIE » A B3R B T R AR BB R I - #8Be
ARAEEEA o AT DU B R RS R AR B A A2 T
A DU B BT ERNZ2H C CH
R AR AR R 2 H B M B B |
Z HIN

Vapnik (1995)# SVR RIREIEHAES FFI0
HALRE

Minimize

ROwb.£,8) =2 ww+ O (6 +)

subject to

Vi=hi=y—(Wel)+b)<e+& L (4)
i=y=(Wox)+h) -y <e+d

£>0

&0

i=1,2,.1

B R &R R FR ¥ (slack variables) » WY
Fr o3 AR B AR 25 8RR 22 i B S MR 72
1B - HEGERIER SR RRI R E R -

@) i AL » 3B A Lagrange
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L(W’b5§5§'5a’a,’n’n,)

_%WTW+C{§:(§ +§,’)}
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—ia[[s + 5i’+ Yi— WT¢(xi) _b] - 2(77,5,- + 77:'151")

He o aflo BB EM Lagrange fREL - B
max mg}f/L(w,b,f,é',a,a',i],ﬂ')ﬂ?ﬁg@f

a,a',n,n' wb,
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5 (6) FARAS) N » STl sl — % {8 ] (dual
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are -
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Zy[ (o, —a))— gz (o, +a))
i=1 i=1
1 N, Ny T
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i=1 j=1
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Ny
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EREEERBCER - —RINE » ¢ MASIERA
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GHRIER R - (EE FEEHEERES - 5
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E A2 R4 8Ok — (™ T (convex) 2R - KRR EE
TEME—R H Ry IR i -

Hrh o ffER Lagrange $R8 o v F] FAEHE
TR B RS - R AT DA

f(x):%:a:K(x,x,.)+b .............................. ®)

2 Ki(xx,) Bt k% (kernel function) » JE# Ky

K(x,x,)=¢(xl.)r¢(x) ................................ ©
155 FH % bR B0 2 2 B o B T A6 B O R 1 2
i MALERRHETE R o AWF7e- i YLK
BOER Ry R R B S P B (Radial Basis Function) »
28k y:

K(x,xl.):exp(—y|x[—x|2) ....................... (10)
NI EI TN W
F(0) =3 0K (52 4B s an

ot o FoBF k HSTRIAIE 5 Ny Ry SCERIAI I
B - JEF] SVM IR EEECE 2 B mifeE - 5351
R ERI C NIRRT ¢ » AWFFEBIRT R 1
F10.01 - Horfr - REREGTFREGEGE Ry | 2R
TR AR A R AR B 2 T (R SR B -

2.2 FEIEEREWEHE

I HLRAE S % (back-propagation nerural
network, BPN)fZEH Rumelhart et al. (1986)Fif2
tH - BPN & H il ANN A FH i i s o
EARBLZEE KA (multilayer
perceptron) * — 5 {5 F 35 72 21 8 30 15 55 (error
back propagation) * # 3 £y BP (back propagation)
L - BPN B 2 g piiia =g ps 2o -
FEAR LIRS Bl A (input layer) ~ B35 & (hidden
layer)Eiliiii 1 J& (output layer) °

BPN E2EGHEFE - 0] 43 Ry i il R Al ELRE R R
Bt - TERTERRS B » T AlmE s A EA - DIAT
B 7 RS bl g (BRE Ri E g  E TR A
Wiy B RS T RS A 0 A B A L S B 2 [
Y 5 TEBIEIRRS EE - 2 DL A ek 25 e e i
B LSRRG IR - AR LR (5 IR B E0EE
[ElERs R - T RBE AR R R B - B
BRI R BB » B R & T
MIRERAEE - AR R ML - TR
TR TCAE SR TE » PR RIE - B
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ORI - RN EHAVERIRMR - SRRV RAIALE 1800
2K WEFEETRR 5 8 10 520 Hi5%
FENRAY 84% o FEIE 1 » WAEDRAKFSZAiE Y
4 ER & K 13 EEKEEAE » DURKFIB AT A
HIFE T S /KR R EESE) - R ATSE
Tt Ry BRI B N A HZIN s - Bt U e B 2R
JR KBRS - RS SRR - SR A RE
iy LT R LRk - KL TREETE
SRR HE K TSR ©

AFFEER BN R B R KR Rk
REJIFTLEEIYER R 558 DR
R ATETRIERL o FRelsl i AMERE » AWFZERIH
TR P T DY {18 S B Sl ) 2 e s T A
EERAIE - THEH T 16 SRR FET 2

R

&1 BEESHER

B 1 BeREM | 24 DR K A H E(mm)
1996/07/29 |  E4a 347.7
1998/08/03 i 244.6
2000/07/10 | ZF|HF 208.5
2001/07/24 | B 287.8
2001/09/13 | &9 733.8
2004/06/27 | HCEA] 458.9
2005/07/16 | #% 267.7
2005/08/30 A 232.1
2006/07/12 | ZHIH; 205.9
2007/08/16 | 4 157.9
2007/10/04 | #TH#E 2522
2008/07/16 | F 3k 351.7
2008/07/26 | BUR 216.0
2008/09/11 | ¥4 3% 188.6
2008/09/23 EE 263.8
2009/08/06 | X4z 584.0

[l aiim SRk R e vl S E L i R S W
HERE R B 24 /NRFREERFSC R A HE /R R
JETEERR © 2RI » FRHYRE R IR SR /K 2R
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Land use
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FEIEE D KRBT ER - TR E A
HADF K EORR AU B R ZRL © [RIDL - AT
SRR I K ER S FLO-2D FEfE R Btk
e R SR -

ABFELL FLO-2D i —#E e it J7 =0tk
T KRR » WK 02 858 Ry DAFE 2R T i
S B HBE SR BRI (Digital Elevation Model,
DEM)Z £} * DEM ##& 15 Ky 80 m x 80 m » fiff 5%
B 10531 {EfEMRIHKER - AWFFesE
FHEKREER LA 4,043,904 (16 x 24 x
10,531) 5 - 15 il 4 A% B A H 3 2 & GH R R
(GIS) » K525 MRS FIT S B P A A P e A re P2 Y
Hi o S34h » WK B B n fH(Manning's n
value) » DIARHFZEIEIK 135 FH TS B EH I Chow
(1959)FT LAFR LY -3t fifi B S8 n (E.2 FIRALR
FAREE S 0 H - AW EERGER T2 L
o R Sl AN 2 Frn o Pl sE A S i 43
MR X ~ R R = KA 5T » AT
KR S HERE R =K Rl

FF 0.012 ~ ERZERMR 0.035 KFRMEy 0.15 -

AWFFELL 2008 FE-REFEEAE Ry FLO-2D
Bads o e 3 R RECHEERG RURE s BRHIE /K F 8% S
FLO-2D #8f5tZ WE/K G » FE S B LI /K ThIAE Fy
NCDR Atk » i s v 7k B Ry 7K R g
it - 41 3 iR » FLO-2D Firfsifit s ik Bk
SRR SR KACSREE A - LA - BEE—D DL
R S I 7K R A B v /K R A T L - T
FESHKERZ a B~ b Bk o BRIIWEK R iR
SRR 0.1 2 0.5 AR~ 0.3 F] 1.0 AR 0.3 F
1.0 AR - it =B5E FLO-2D & #E KR HEH
BFs 0.6 AR~1.15 AR B 0.33 AR HRIGHEF -
FLO-2D Fimisift sk ARG E 2 S8y - Akl
AWFFER L FLO-2D At kK ERE— 2%
JR /K PR -

3.2 BUmE
ABFFEFTHE H — 7 B K TH i U AR
T A 4 R - AR KB E 2 IR
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A JE 2 KB (NCDR)
[ B sk B GRALE)
W& R (m)

<03
I 03-05
Bo05-1.0
Bl i0-20
Bl 20-30
B0

I N
0 1 2 4

3 RINERSRESLEREKICERR FLO-2D BRI EKIBR

R AR B L

WFLO-2D# 5.2
AT AR

1
mmaR k||
TR KT T

]

RSB AR H !

TAREAREE

4 FHRRRBHEKENZRIEZE

WEIN - ERKRESER - QURERHEEAE
Gk A AN RJEERIHT - Fre R

TR B 3% 3% B A 5% AE T /KBRS RO B T 2 (Pan
et al., 2011) = 2X1f1 » /KFIZH 2012 F#EEE 7-11
BERIRENEEE - DL 7-11 {EFIRE L Ry Ak Bl -
B BEISE R AREEIY - AR =N 2
TG AR S AR KR © AL - 7-11 (AR
JESPATR A 28R - SR B R
B K EREE R AT s - (BRI
SR ER] » ARHFSEHE DL 7-11 R S R Ry TR 7K
B o

=R L SR m A /K SO ZE 5T
ZERIER B » e KN ETHE L EEE
FEERIHERENE - [RID - TEBETHERIS B » AHFSER]
SR A S 2 B PR =« (AR HZ THHEAR
AT » Ry T e En THERIMERERE - FrLABR
T LARTAWFFEHE RN & S /KBRS » ARbF5E
BT BAAE N R TE R P K R R e b A
AT - B3 - (EZe e J3Th - 78Uk
A EAGRIEHERSAY THERF R MK RS -
SRR A TRy NG S B IR K B K R AR A T
A EFRORTHEME AT A MR - SR
TETEEAMEE T LAS BIHERERY FHAERE /KR » 5
WAREREH EERE SRR - LS
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SEAS ARSI E B KR E % - A HESE  TTE
o HNMEEERBN | @ AR SRS EE
HEKGREE - DA 7 R Refl FE BB BN -
By TS EHEASRIF E 240 2 FEZK RS - AHF9E
FEHE FH 24 m R AR 2 A A= - (EFEH
Ze R e i =Xy AT T - R TR S
& IR AR RomfE) - DU B,
TSRS 15 1] P T 0 T 7 T P s SRS T T 22 P A
R - ik o AR AR T
b - 2B TEHA K -
3.2.1 BhTEHERMEEY

AWFFESE LA BPN K SVM 7 #E 7k FE s =
EE 2 B CHEAT LRER - WIR(fE Ry BPN K
SVM » H it = iy ARy N B S K RS
Ko TEECR AR 1 2 3 /NEFIE /K GRS 2 /K TE

f(Rn RH""’ Rz—(LRfl)’ Pz’ PH""’
B DIP,:’ DIP, LA
P, t+At f(Rt, RH’...’ Rt’(LR’I)’ E’ R—l””’
DIP, t? DIP, PETI P, t—(Lp-1)° b

o ¢ R ERIRFR 5 Ar BAERF(1 2] 3 /NEF) 5 R,
Tl ¢ /INRFRN R 5 P, R 2E ¢ RFSARERN = 5 Dy, Fo ¥
TRESAEER ¢ /NI 2 WE7K R DAIP, oy TEIKERTH
Y 1+ At /INRFZ FEIKERES 5 Ly ~ Lp FI1 L HIFRORRN
& - ZHEMNEN KRR 2T -
FRFEK R TR - B AR REAERR i
AR EIEF EEN TR - A5t
PIFHE 4338 7 (relative percentage error, RPE)R
EREEUM AHIRBAE RS - HOESR Ty ¢

E(L)=E(L+D)
E(L)

RPE =

A BRI E(L+1)53 BB AE L AT L+1 ZERF
Y MR AR 7 (root mean square error, RMSE) © FH
PEEARES S E Y Ly ~ Lo A1 Ly » BPN » SVM
SVM,oposed AT » 412 2 7R ©

P

lf(L,,fl)’.“’

P

P, 1+

¥ - H DU BPN Fz SVM 7k FHEE =0 A oK
s

D =f(R,,R

1P, t+At =12

R

T -1

~

DIP, ,D

t P, -1 IR, t—(Lp-1)

b ¢ R E RN 5 Ac RZERE(1 B 3 /NEE) 5 R,
To5f ¢ /NRFRYE 5 Dy, FVE/KEEAEERS ¢ /NRF T
KGR s D, ., R /KBETER ¢ + At /INKE 27K
BRI 5 L F Lp HIFORINEH IR /KBERE L FEAE Y
ftd o

BEAh - ARETE R K TR TRy
SVMproposea * FHRATE Ry R & ~ FRRERT R ~ ME/KEE
FEER S PR BRI - B R PR AR 2K 1
F| 3 /NRFHZRRIE © H SVM,roposed FTZRATT

) for At=1

P, (—(Lp-1)

l*(Lp*I)’. o0y

for At>1

1P, t+At)

3.2.2 ZE[UZE R B

B HEE n EWEKER R m (EHERE FEE
7KEE) » EHRAHEREKERG=1, 2,..., n)BEHARHERS
=1, 2,..., m)FEKGRE Z EEELR B (coefficient
of efficiency, CE) » HH#/KEH n i ° & CEH
BRI 1 IR » FORH/K BEELT /KBRS 2 v
TREEEERY) & © BB T RNIE M R
e BTl /K B R TSR AR K. CE B Ry
55 j B/ B - BIHEES i R S BOh S / 7k
BEVE Ry 22 AT R HERS - DACKEHE - &R A8 5
Ry n ¥ o HIAAHSEE T 13 48 7-11 BERIRSEIETE
Rtk Bl » FrLAEr i Mgt o3 Ry 13 MR -

B e DIWE - 2HENE -
BRSO RE B i e ) B R e K B
TR IR E Rl A » DL SVM F ki
HYZERIAE R AR - Btk » R —JEHERS HiZRAITH

77—



K2 HARRINZBEAIR

Lead time (h) AR
SVMroposed SVM BPN
1 R, P@), Dp(®) R@®)., Dyp(®) R@®)., Dyp(®)
2[R, PO), Dy(®), Dylt+]) R(), Dy(®) | R@), Dy(®
3 R(t), P(t), Dyp(t), Dyp(t+1), Dy(t+2) R(®), Dy(®) R(®), Dy(®)
/K BT A OF - SR el A T M S
JKHuE - RN R AR T RMSE = ;;(DI —DI) ........................ (15)
D ,.=f(X, Y, E,R,P, D, ) FHREEZ S CC

Ao D RS AL ¢ + A/ T
HIZKHEIE 5 X Y, B8 i ABRS Z ASRRI R
E,Rus i TBHEI 2T 5 RS ¢ /NI ; P,
Bish ¢/ NFERR B -

3.3 RXEEEE

AR AR U - 3l PR R SR 43
R~ BERe ~ IR T (BRI o Y
i I - HEMARA AZRIHE - 28 - BIEEE
FARFRIRYE R} » AT RE& K Ry 43 BERY 5 KB
6] » EEEG R BLAFTRE - K ARFSeER
FR B b3 (cross validation)dy A=, » MG EARERY
GrEE TS B R E I

DIAMTE Rl » 22 16 SBEE M - 5%
RN B ICERE R E RIS R » FhiEEE
A 15 GAllRgR - 1 SRS K+ T 16 1]
R R EEE — KRR - FrLUGETT 16
[EREEE » DO RTE IR K FHEAS SR A 7 =0
SEHIRARI - SR - g
HFRENSRAEREE R - 1 B A E5E
Hrpthal B AR EAYAIRRE R -

3.4 FHEEE
T IE HAA B RE AL 2 S PH i Uy 2

IR ARBTSEER FI¥S R ER 7 (root mean square error,

RMSE) Sz #HE# R % (correlation coefficient, CC)RH
B - R A TR 22 SR - 23 adtan
T

P JiRERAE RMSE

ce2uaP2DXD D) — ..
|-y S (55|

Ao n BRI R DRSS ¢ /L
VZKEREE » D, RS ¢ /INFFI X B K A -
D By KB A5 » D TR KB (18
{H ° RMSE F TR /K SR B K BRI R 22 2
PR - HAEERST 0 AERTHEHEERL - CC
{EL R TR /K PR RS B /R PR R ARRRE - 35 CC
HRERST 1 AIZORTHEIRR -

MM - FEREAEIER

4.1 {EXRIALLR
4.1.1 BPN Ei SVM & #E/k TR o b g

EERR O AT 2 IR Y - AT
A/ NGB L BPN B2 SVM ZT K T =, - i
FORR R i HE K FHERRGR © 2% 3 Ry = (V7K THER
FEZU(BPN » SVM I SVM,yyqposea) (EFHEHE /KBS -
TEEAZK 1 2 3 /NEFR/KEEZ RMSE K CC
fH - BPN Jz SVM TETHEARZK 1 2 3 /NRFAKEE
&2 RMSE &3 I » TElIBkFEEEE SVM H 54%
F] 100%HJ7# 7K B2 RMSE /NS BPN [T HIEkF
B¥E SVM A 85%% 100%F17 7k B2 RMSE /)N
J* BPN » e AR EGHIEARS BAREE R SVM TH
FRHERE PSR BPN o (EFHHCARIK 1 2 3 /\NIFHE
KEREZ CC HERH L - fFElsPE B SVM A
85%Z! 100% 7K B2 CC fHARA BPN i HIEk
FEEAAH SVM A 62%F] 100%A97# 7K B2 CC {EA
A BPN > $5 SR %78 SVM L BPN FEAEHHERfE
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+*3 TEREFAMEINZ RMSE E CC B

RMSE (m) CC
7K 2 | Lead time (h) Training Testing Training Testing
BPN [SVM | SVMroposed | BPN | SVM| SVMyroposed | BPN | SVM | SVMyroposed | BPN |SVM | SVMyroposea
1 0.06210.037| 0.036 |0.060{0.034| 0.034 [0.987/0.995| 0.995 |0.984]|0.994| 0.995
1 2 0.092(0.074| 0.072 |0.087[0.067| 0.067 [0.968(0.980| 0.980 [0.962|0.975| 0.976
3 0.120{0.109| 0.104 |0.113]0.099| 0.098 [0.939(0.952| 0.956 [0.929|0.941| 0.947
1 0.030{0.026| 0.025 |0.028{0.023| 0.023  [0.964|0.974| 0.975 |0.933|0.949| 0.953
2 2 0.0450.043| 0.040 |0.040{0.038| 0.036 [0.913/0.922| 0.934 |0.845|0.862| 0.885
3 0.056(0.056| 0.050 |0.051{0.049| 0.046 [0.857(0.865| 0.891 [0.757|0.763| 0.808
1 0.028(0.025| 0.023 |0.025]0.022| 0.021 [0.966(0.975| 0.977 |0.938(|0.952| 0.957
3 2 0.043]0.043| 0.039 |0.038[0.038| 0.034 [0.914/0.920| 0.935 |0.848|0.862| 0.896
3 0.053]0.054| 0.045 |0.047(0.047| 0.040 [0.862(0.869| 0.908 [0.786|0.790| 0.869
1 0.0770.060{ 0.059 |0.074]{0.061| 0.060 [0.988(0.993| 0.993 [0.986|0.990| 0.990
4 2 0.126{0.120{ 0.105 |0.121{0.114| 0.100 [0.966/0.970| 0.977 |0.957|0.962| 0.971
3 0.170{0.170{ 0.129 |0.165]0.164| 0.126  [0.934/0.940| 0.963 |0.918]0.920{ 0.953
1 0.085]0.054| 0.054 |0.083[0.052| 0.051 [0.991/0.996| 0.996 [0.990{0.995| 0.995
5 2 0.133]0.126| 0.101  |0.131{0.122| 0.099 [0.976/0.980| 0.986 [0.971|0.974| 0.982
3 0.190{0.191 0.152 |0.191{0.187| 0.149 [0.948(0.951| 0.968 [0.931|0.935| 0.959
1 0.018{0.016| 0.016 |0.018]0.016| 0.016 [0.991/0.993| 0.993 |0.990{0.991| 0.991
6 2 0.031{0.030{ 0.030 {0.030{0.029| 0.029 [0.972(0.973| 0.974 |0.968|0.967| 0.968
3 0.041]0.042| 0.041 |0.040{0.041| 0.040 [0.944/0.943| 0.946 |0.937|0.932| 0.938
1 0.027]0.023| 0.022 |0.024{0.019| 0.019 [0.957|0.969| 0.972 |0.939]0.962| 0.963
7 2 0.040{0.040{ 0.036 |0.035]0.032| 0.031 [0.892(0.905| 0917 |0.856|0.884| 0.887
3 0.050{0.051| 0.045 |0.044]0.040| 0.039 [0.818(0.837| 0.863 [0.751]|0.797| 0.806
1 0.034]0.026| 0.025 |0.032{0.024| 0.023  [0.983(0.990| 0.990 [0.978|0.986| 0.987
8 2 0.050{0.048| 0.044 |0.046]0.043| 0.040 [0.960(0.966| 0.971 [0.950|0.954| 0.962
3 0.063]0.063| 0.057 |0.057{0.056| 0.052 [0.934/0.938| 0.949 [0.921]|0.920{ 0.937
1 0.034{0.027| 0.026 |0.031{0.024| 0.023  [0.983(0.990| 0.990 [0.978|0.986| 0.987
9 2 0.051]0.049| 0.044 |0.046(0.043| 0.041 [0.960(0.966| 0.971 [0.950|0.954| 0.962
3 0.064|0.064| 0.057 |0.058[0.057| 0.052 [0.933(0.938| 0.949 [0.921|0.920| 0.938
1 0.0250.024| 0.023  |0.024{0.022| 0.021 [0.989(0.991| 0.991 [0.988]|0.989| 0.990
10 2 0.043]0.042| 0.041 |0.041{0.042| 0.040 [0.967|0.967| 0.969 |0.960{0.958| 0.961
3 0.059(0.059| 0.058 |0.057(0.057| 0.055 [0.929(0.931| 0.933 [0.913]|0.913] 0.920
1 0.057|0.035| 0.034 |0.055[0.031| 0.031 [0.991(0.997| 0.997 [0.989]0.996| 0.996
11 2 0.083]0.071| 0.070 |0.078]0.064| 0.064 [0.978/0.985| 0.985 |0.976|0.983| 0.983
3 0.110{0.103|  0.099 |0.104]{0.094| 0.092 [0.960(0.966| 0.968 [0.957|0.963| 0.965
1 0.053]0.042| 0.041 |0.051{0.038| 0.038 [0.981(0.987| 0.988 [0.976|0.985| 0.988
12 2 0.089(0.082| 0.079 |0.085[0.076| 0.075 [0.937(0.948| 0.952 [0.915|0.927| 0.940
3 0.118/0.110{ 0.108 |0.114{0.103| 0.101 [0.874|0.894| 0.897 |0.814|0.834| 0.845
1 0.2770.268| 0.262 |0.270{0.247| 0.239  [0.993(0.993| 0.993  [0.992]0.992| 0.996
13 2 0.377|0.399| 0.371 |0.373]0.395| 0.361 [0.986/0.984| 0.986 [0.984|0.981| 0.984
3 0.539(0.574| 0.530 |0.504[0.542| 0.481 [0.969(0.965| 0.970 [0.966|0.960| 0.969

—79—




10.0

8.0

60|
40|
00 1 ' 2 — 3

Lead time (h)
()

Improvements in CC (%)

10.0

8.0

6.0 |
40+
20
1 2

Lead time (h)
(©

Improvements in CC (%)

30
g
|©)
Q2.0
k=
=]
210t
2
o
- -
0.0 . .
1 2 3
Lead time (h)
(b)
3.0
g
@)
020+t
g
&
210t
2
a
- ——— .
0.0 . .
1 2 3
Lead time (h)

(d

5 SVMproposed fRFTB 13 88K E(a)Fll#R:2 RMSE EFIINSIBE ; (b)FlfR2 CC EFIINSBE ;
(c)IFZ RMSE EFIINEBE 5 (d)AIEZ CC BFIINEEE

FHERAR KRB -
4.1.2 SVM B SVM,,,qposea L 7K FEHAB 20 LLHL

R Ry 1 38 B A2 P £2 HH B 1 /K PR
A ATHE S THIEE ST - FrLAA R U e i
ZIEZU(S VM roposed) B Z G HBE FHHI A E(SVM)
HETTEEHL 22 3 s SVMroposea B SVM FERHEE
IRESTHERARR 1 2 3 /NRFH/KEREEZ RMSE )
CC {EAER - 3R 3 AN » HfAREE TR By
£ o Wi AT By E . RO AH R T e e 2 PR
HiE RBRE It & ik - BERANLEL - B
SVMroposed 19 RMSE {ELEL SVM 9 RMSE {EH8H
ARAF/IN + BRI » SVMproposed THER SVM FETHERAR
K1 3 /NIRRT B BARAY FUERaR A2 - 534
£ CC fEZRB L - SEAABEETHERIRF AR - 2%
iz CC HEREE WIS » 1B SVMpose
(9 CC {ELL SVM 1Y CC {E A=  FETHHARK 1
/NRF - RAREURE B AN - IR S IR RS By
CC {H » 4371#BE 0.97 F10.95 DL L » {HE] T FEHH
AR 3 /MR - R 2R I R AR - R

SVM roposed TETHEAZE 3 7/INRFEE SVM roposea FLHE
IMENE /KBRS -

AREHIR T EHURETER SVMproposea F1 SVM
TEHEARK 1 2 3 /NFZ RMSE fE ¢ CC {HRHL
Gh o ALL SVM FoBRHE » BB SVM,oposea TEFTH
13 {EFEKBSITEER AR 1 2 3 /N2 RMSE 15
Je CC E VTSGR - A0kE 5 Fs - BEE THE
FREEIRIEEAN * SVMproposea & RMSE B K CC {HER
LR REEHETT - $2HIE =AY RMSE 18 - 3llI#k
i B & SRS IR HOE 2%E1 9% /a4y HIEARS B
UCEEIREEFINE 2%E] 8%/c45 - MAE CC 1H - FllIFk
W& B L IR By 0% 2% /645 » TIEARS Bl
WEEE s 0%F] 2%/245 - FHELRSSR AT A - ANF9E42
HE RS VM roposea) T A THHE K FHERAURE
jj o

4.2 RERN ZETRBRIR
FEECEEFFETTRE L SVMipropocd 1V
FRAEMERE FAHRAME: » AZEHRELL 2007 FATHES

—80—



1.60 -
1.40 A
P
7 1204 Point 2-inundation data 7
= 1.00 | — Point 2-forecast {  seee
E : Point 3-inundation data / /
2 0.80 {1 — Point 3-forecast /
2 Point 4-inundation data /
-‘-; 0.60 1 — Point 4-forecast
g 0.40 Pm:m S-inundation data
— Point 5-forecast oo
0.20 @ S
g/{;—_ 082 /
0.00 +—omomp=o=g=0=P="=] - -
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (h)
(a)
1.60 - 13
1.40 A
2 1201 s
€ 1.00 4 / T
g ////
S 0.80 - /
g
5 0.60 A /_//
5
E 040 1
0.20 / - /: -
= fé aMELEL
0.00 e o e
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (h)
(©

()
S

Inundation depth (m)
o
fole)
(=]
AN

==

=== ==

Time (h)
(b)

50 g 0
100 ©

40 Rainfall §
'é\ 35 1 m Cumulative rainfall L 200 %
g 304 %’
E 25 A 300 g
£ 20 + =
2 54 400 ;

101 Ls00 2

5

0 600

1 3 5 7 9 11 131517 19 21 23
Time (h)

(d

6 SVMroposed IRZDEKAREZ ()R 1 /NEFBIKRERERR ; (0)RK 2 NEHBKRERELR ; (0)FR3K 3 )\
REKRERR (VTR TRRZTWERERIENE

i o\ 52 B P R K PR AR AR - [ 6 By
SVMproposca TE 20 7K 7K BRI TEECAR SR 1 2
3 /INRFHEK PR FERRAG IR T8 o(a)FHHECRZK 1
/NS /K REE PRI ] 7 > AE TR I
B/ RS » PR RELE KR E M) S - 2
RFFEITE /K RS 2% PR RES TR A YEREE - HAS
AT TR PRSI /K, 2 BORG 3 Bk
PRIEEWEORATE/KES 4 Sl 5 0 B A YERES EITHR
TGS o T ZERFORZK 2 21 3 /NRFI ZEK
1 A 7K R R AR - 401 6(b) K ()i » H
SRR R S THIRYERE R ) - BB
DULFr 2ERATTHERAE R - REE AT HAES
PR (S VM proposed) H 3 RAFHITERAE ST S HE
THEFE

4.3 REBEX 2 AR KIBE 2 ERET4

AEE E o3 BT B A R b H AR =R 2 L 4 e
I 0 DL 2007 FFEATEEVSEEEET 2007 4 10 H 6
H 08:00 PM 5 2007 £ 10 H 7 H 08:00 AM R
FRELIRY - PR Ze A R A B K k] - 40
7 FiioR - 8 7(a) ks 2007 £ 10 H 6 H 08:00 PM
HI#E KL - [8 7(b) R FI A 07:00 PM FEZKE R
i 08:00 PM HFE/K A5 SR » & 7(c) Fo I 06:00 PM
HKERITEER 08:00 PM AUE/KAESE - ilE 7(d)
FoFIIFH 05:00 PM 7K & FH R 08:00 PM HYFEZK
Ao o FHE 7 AT+ R AR s FHERAE /K S e
RELH /K ERIFEFE AL - BB - 5345 0 2007
££10 H 7 H 08:00 AM {#E 7k o B FEERAS S A
EYIE o HASRIEZO AT S R 22 A
RECEE L 7 S B Z2 R R K THER -

BT W KRS SR R - A ST InLLE AR T
AR 1 E 3 /NP KB AE 30 o 8 8 Fud

—81—



30 30
a2 22
E
EX E 20
E
=15 =15
e z
R0 2
2 5 &5
0 0
1234567891011213M15161718192021222324 123456789101112131415161718192021222324
Duration (h) Duration (h)
(a) (e)
o AR (m)
£ <03
%
®
\.
g
(b) AR (m)
AT (m) AR (m)
<03 )
0305
B
&
ot
b

AR (m)

(d)

=

] H05:00 PMi K 4 Fadh 2 45 R p

#]05:00 PMi K A #FAdRZ & R

. . J

7 FIFESHESREE 2007 £ 10 B 6 B 08:00 PM & 2007 £ 10 B 6 B 08:00 PM Z&/KE R B EIFa R K
B

—82—



1.2%

(a) #1 F107:00 PMis K A FAR 2 45 R

1.8%-L 13.7%

6.5%
Error (m)

m<0.1
m0.1-0.2

(b) #106:00 PMi& &k 4 #H FARZ & R

0,
510467 4.0%

(c) #1 F105:00 PMi& K A HH AR & R
8 TIFESTREAN 2007 &£ 10 B 6 B 08:00 PM 5% 2007 &£ 10 B 6 B 08:00 PM ZFBZRFKK 1 2l 3 /)\bFR
=DHB

HI 22 RAE A A 2007 4o SEVDIRE L TEER
KR 1 H] 3 /NGRS L [BIBHE - AT IR
FLO-2D FrisEmFTReE (16 HE b2 oK
7 R JEL B2 R ) 1) s K TS 7 T2 ek A i A 2
K ERORKHRKEEAR 0.3 2R - HIHE
N B HK 5 BHRAKHKERE/ N 03 AR
HIFIE R f IR WK - FrE MRS & 70 K&
(2094 {IEHEHS 80 S IR HE/K I (8437 (EMEHE B - #2
DR S SR T B 2 FE R - [
B—HRMIE - B DUROAHE /KBE RS R i K 7k
HIEERME R HIBT S S KRR - BRI DL
HoAtE R (FRam R FEZR) S FET 2 K » HIFTRE
G R LA R LR A A SR T E R
7K BRI AT R EFEK o IRIDE - By T ERSFIE S
HIFEZK R IR /KR » ARRIFSE DU R 7K RS s

Error (m)
m<0.1
m0.1-0.2
m0.2-0.3
0.3-0.4
MW 0.4-0.5
m>05

(d) A1 H107:00 AMiE K B HHFAIRZ 45 R

00 42%
20%

3.9%

(e) #1 1106:00 AM#E Kk A FAIR Z &5 R

0,
1.7%“3\”’ 4.1%
0

Error (m)
m<0.1
m0.1-0.2
m0.2-0.3
0.3-0.4
M 0.4-0.5
m>05

(f) #1 F105:00 AM g K F 4 FAIR 2 45 R

BE R/ 0.3 S RUZ ARSI R SRR« 2RI
TR BB Ay SRS I RR - Ok
Fo AR FCRTRRTERIERRS - R LU MK bk 1
AAERERE I Rod Al © BTSRRI SRt A
/KRS B THRRAR A (E - BEERIEL 0.1 AR By
FHE - Hor T7 e - WA RS ER A
FER TSR W] 20 LRl - 2R - R R A 7
IKEHERS (2094 EHEIAR B - 73T R E/K IR
A TR 2 (VA AE R 2 W ] IR B - LR
0.1 RN Foffi] » FHERGRZEV IR 0.1 2 RATHE
FEBER DU K ARG B(2094 fENGIEHD - 152
A 0.1 TREUR Z R E o B - 5951 - LU 8(a)
FoBl - Ryl 7(0)HITHERAEELE 7(a)H /KA
KHZA2E - MR @A E o I - FE g E
IREABE T SIS ERRAE AT SERRRAZATE - w]

—-83—



DB BIEE FIERE T AT HBERIER 5310 - 1T
FEETET R IR SRR TEREYT - 1R 8 "I &
- MG THES R - B9 75.7%F] 78.5%HH
BRI/ 0.1 AR /R 0.3 ARIER
FREMET 88.6%%] 93.3%ZE - BHEK 3.7%%
42%MERFR AR T 0.5 AR o LSRR
H1 - B AR K TR A A R AR A FE AR
B HIEE AR IR - SEE T BRI R

1ot R HE AT A /R A AR 22 7k
FEERAE B A B RAEREE -
R - 5w

AH 5T H A Ry 5% Fee 1 6 J [ o2 A R
TRKTEESAR © (Kl - ARWFFEEEH —H ik FeR
R o S T =R R © E THER MK
Bh o BETHER S 2 MAER - SE—PEE 0 B 7411
SRR RS G LB R T /K TS - 58 FEE: - HR
B VK THER B 3 1| LASCHE [m) B B V7 B PH A
HAEERK 1 B 3 /NFZHREE - E=FEE
A 52 B T sl A oz TSR 7K R o St B AR A
SVM ki v 22 At e A A Rk 1 21 3
/N K ] -

AHFFEH BT KA O B - a7 — v
IKTEFRIEZ(BPN ~ SVM T SVMroposea) EETTHEE
Ll - 3 F FFESEFEAS RMSE Kz CC B4 HIEHS
THHERAR S RAHRME - SELL BPN FlI SVM #1TEL
i AR EIREGHEARS B » SVM H 54%LL
HIFE/KEEZ RMSE /MA BPN » B 62%LL L
WE/KEEZ CC {HA BPN » #5REUT SVM 75K
o B K BEES A RE R B TS R - 5
P DUER HH 5 =2 T 7R i B 2 P A e B e o2 S
B A F P FEEHEAE RMSE bz CC (RT3
R - BT B - 2R RMSE (B
HHSELL SVM 119 RMSE {E2R15/]N 5 fErRRBE SR
F - feii=iz CC fHLL SVM 1Y CC fHZR 1S -
BE2 TR BT - 22 RMSE fH K
CC HUCHIREERERT - BRIELZ AN - AHf5E
B 3 — 2 DU S A 22 A 42 e o 2 B A IR
AR ] - SR H B T E s T
TKIEEFTRR AT - ARG RN 2 FK

e 5 XA 22 T 42 e s B e T A5 A i o ME T
FE o FHILRFZERER - BB AT tEhE
AREET /K THERIAE ST - BB BLAI AR -
AR G2 HA A 8 7K P i U v 2 (HAH o R
/K THEEGR - REIF R IRCERIRI 251K
1%

SERK

1. Bates, P.D., Horritt, M.S., Fewtrell, T.J., “A
simple inertial formulation of the shallow water
equations for efficient two-dimensional flood
inundation modelling,” Journal of Hydrology,
Vol. 387, Issues 1, pp. 33-45, 2010.

2. Chang, L.C., Shen, H.Y., Chang, F.J., “Regional
flood inundation nowcast using hybrid SOM
and dynamic neural networks,” Journal of
Hydrology, Vol. 519, pp. 476-489, 2014.

3. Chang, L.C., Shen, H.Y., Wang, Y.F., Huang,
J.Y., Lin, Y.T., “Clustering-based hybrid inundation
model for forecasting flood inundation depths,”
Journal of Hydrology, Vol. 385, Issues 1, pp.
257-268, 2010.

4. Chang, L.C., Chang, F.J., Wang, Y.P., “Auto-
configuring radial basis function networks for
chaotictime series and flood forecasting,” Hydro-
logical Processes, Vol. 23, Issues 17, pp. 2450-
2459, 2009.

5. Chidthong, Y. C., Tanaka, H., Supharatid, S.,
“Developing a hybrid multi-model for peak
flood forecasting,” Hydrological Processes, Vol.
23, Issues 12, pp. 1725-1738, 20009.

6. Cunge, J.A., Holly, F. M., Verwey, A., “Practical
aspects of computational river hydraulics,”
Pitman Publishing Ltd., London, 1980.

7. Dimitriadis, P., “Comparative evaluation of 1D and
quasi-2D hydraulic models based on benchmark
and real-world applications for uncertainty
assessment in flood mapping,” Journal of
Hydrology, Vol. 534, pp. 478-492, 2016.

8. Ernst, ], B.J.,

Dewals, Detrembleur, S.,

—84—



10.

11.

12.

13.

14.

Archambeau, P., Erpicum, S., Pirotton, M.,
“Micro-scale flood risk analysis based on
detailed 2D hydraulic modelling and high
resolution geographic data,” Natural Hazards,
Vol. 55, pp. 181-209, 2010.

.Fewtrell, T. J., Bates, P. D., Horritt, M., and

Hunter, N. M., “Evaluating the effect of scale in
flood inundation modeling in urban environments,”
Hydrological Processes, Vol. 22, Issues 26, pp.
5107-5118, 2008.

GEI Consultants Inc, “Hayden reservoir Dam
and Davis No. 1 Dam breach inundation mapping
report,” Denver Co, USA, 2014.

Haltas, 1., “Two dimensional modeling and gis
integrated mapping of the dam-break inundation,
a case study: Lake Isabella Dam,” In: Proceedings
of 6th international perspective on water resources
& the environment, [zmir, Turkey, 2013

Haltas, 1., “Two-dimensional numerical modeling
of flood wave propagation in an urban area due
to Urkmez dam-break, Izmir, Turkey,” Natural
Hazards, Vol. 81, Issues 3, pp. 2103-2119, 2016.
Hunter, N.M., Bates, P.D., Horritt, M.S., Wilson,
M.D., “Simple spatially distributed models for
predicting flood inundation: a review,” Geo-
morphology, Vol. 90, Issues 3-4, pp. 208-225,
2007.

Lin, G. F., Chen, L. H., “A non-linear rainfall-
runoff model using radial basis function network,”
Journal of Hydrology, Vol. 289, Issues 1-4, pp.
1-8, 2004.

15.Lin, G.F., Chen, G.R., Huang, P.Y., Chou, Y.C,,

16.

“Support vector machine-based models for hourly
reservoir inflow forecasting during typhoon-
warning periods,” Journal of Hydrology, Vol.
372, Issues 1-4, pp. 17-29, 2009a.

Lin, G.F., Chen, G.R., Wu, M.C., Chou, Y.C,,
“Effective forecasting of hourly typhoon rainfall
using support vector machines,” Water Resources
Research, Vol. 45, W08440, 2009b.

17.

18.

21.

23.

24.

25.

—85—

.McCuen, R.H., Knight,

Lin, G. F., Wu, M. C,, “A hybrid neural network
model for typhoon-rainfall forecasting,” Journal
of Hydrology, Vol. 375, Issues 3-4, pp. 450-458,
2009.

Lin, G.F., Chou, Y.C., Wu, M.C., “Typhoon flood
forecasting using integrated two-stage support
vector machine approach,” Journal of Hydrology,
Vol. 486, pp. 334-342, 2013a.

. Lin, G.F., Lin, H.Y., Chou, Y.C., “Development

of a real-time regional-inundation forecasting
model for the inundation warning system,”
Journal of Hydroinformatics, Vol. 15, Issues 4,
pp. 1391-1407, 2013b.

. Lin, G.F., Jhong, B.C., Chang, C.C., “Develop-

ment of an effective data-driven model for hourly
typhoon rainfall forecasting,” Journal of Hydrology,
Vol. 495, pp. 52-63, 2013c.

Mason, D.C., Bates, P.D., Dall’ Amico, J.T.,
“Calibration of wuncertain flood inundation
models using remotely sensed water levels,”
Journal of Hydrology, Vol. 368, pp. 224-236,
2009.

Z., Cutter, A.G.,
“Evaluation of the Nash—Sutcliffe Efficiency
Index,” Journal of Hydrologic Engineering, Vol.
11, Issues 6, pp. 597-602, 2006.

O’Brien, J. S., Julien, P. Y., Fullerton, W. T.,
“Two-dimension water flood and mudflow
simulation,” Journal of Hydraulic Engineering
Vol. 119, Issues 2, pp. 244-261, 1993.

Paiva, Rodrigo C.D., Collischonn, W., Tucci,
Carlos E.M., “Large scale hydrologic and
hydrodynamic modeling using limited dataand a
GIS based approach,” Journal of Hydrology,
Vol. 406, Issues 3-4, pp. 170-181, 2011.

Pan, T.Y., Lai, J.S., Chang, T.J., Chang, H.K.,
Chang, K.C., Tan, Y.C., “Hybrid neural networks
in rainfall-inundation forecasting based on a
synthetic potential inundation database,” Natural

Hazards and Earth System Sciences, Vol. 11,



26.

27.

28.

29.

30.

31.

Issues 3, pp. 771-787, 2011.
Shen, H.Y., Chang, L.C., “Online multistep-
ahead inundation depth forecasts by recurrent
NARX networks,” Hydrology and Earth System
Sciences, Vol. 17, Issues 3, pp. 935-945, 2013.
Supharatid, S., “The Hat Yai 2000 flood: the
worst flood in Thai history,” Hydrological
Processes, Vol. 20, Issues 2, 307-318, 2006.
Vapnik, V., The Nature of Statistical Learning
Theory, Springer, New York, 1995.

Vapnik, V., Statistical Learning Theory, Wiley,
New York, 1998.

Yu, P.S., Chen, S.T., Chang, LF., “Support
vector regression for real-time flood stage
forecasting”, Journal of Hydrology, Vol. 328,
Issues 3-4, pp. 704-716, 2006.
Yu, XY, SY.,

hydrologic time series with ridge regression in

Liong, “Forecasting of

feature space,” Journal of Hydrology, Vol. 332,

32.

33.

34.

—86—

Issues 3-4, pp. 290-302, 2007.

FEGEERR - BRI » T Gt R i lE w IE AR
RS gE (—) -TatE/
R T 0 bk e It AR R IR K I E IR R

it TR R R S e NG
2001 »
PR BEE - TOmMl AR EE

ARK EBE AT . H BT
B 55 59-79 H - 2013 °

PRI - RIS - FBIRR - SRR - IRESE
SATEAE - BPRESE c FEEAE 0 T IEVEfEbe
- DA AL i< LB B Ry, - RS TR
B SN B 58 42-54 H - 2014 ©

FVY+ -

WiEAH - BRE 105 5 B29H
fEIEAH - BB 105%F 8 B 4 H
EZRE - RE105F 8 B 8 H




<<
  /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


