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ABSTRACT

Climate change has increased the incidence of extreme events, and moreover,
urbanization has changed land use patterns, both of which pose significant challenges to
urban drainage systems. The space in urban area is too limited to increase in pumping
capacity and embankment height for centralized infrastructure unlimitedly. In the face of
rainfall with high return period, the decentralized low-impact development (LID) isn’t
effective of flooding reduction, so under limited resources in the flooding events,
government needs a scientific tool to carefully evaluate the amount and timing of
resources for each district.

The study introduced vulnerability and recovery as the concepts of resilience, and
designed a time-varying Flood Resilience Index (FRI). Based on the definition of climate
change risk in ISO 14090, the three main indicators of FRI are hazard, exposure, and
sensitivity. The factors are suitable for the study area are selected according to the
definition of each indicator and the quantification formula is designed.

In view of the tight activation time for decision making in disaster prevention and
management, we simulated the rainfall scenario of RCP8.5 by 3Di, a numerical model
with high resolution, fast calculation speed. Subsequently, we obtained the physical
factors with time variation through post-processing in Arc GIS.

In the study, the effect of time dependent social factor on FRI was found to be a
decrease in score, a longer recovery period, and a delay in occurrence. The number of
factors exceeding the reference value in the hazard indicators could be classified into
three types from high to low risk level; furthermore, FRI is categorized according to its
trend and compared with the level of hazard. Finally, the study contrasted the FRI of
different rainfall designs by changing the total precipitations, rainfall duration, and

rainfall pattern, among which the more resilient are smaller amount of precipitation,
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shorter duration, and left-skewed rainfall pattern. By calculating the gradient difference
between two adjacent hours in the event phase of FRI, the decision maker could determine
the timing of disaster and provide immediate relief to adjust the impact and increase the

resilience.

Keywords: Urban resilience; Flood resilience index; Climate physical risks; Flooding

simulation; 3Di mode
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Mapper 4§ 8l = Bk 32 Sdc’d 5% B -

Erena et al. (2018) 345 FLO-2D #-#t ) cd ~ -RULIF R foin i RIFBI 2 & 0L

L

WELAD P EREFLSHE FREBAERFRT S ¢ - KU TRAD
E ok

5

3

»ﬁr =

P e o 35T E B f#47 A 30m hDEM ~ 4 & 1% B ~ SCS-CN

2.

B~ S TREYRBRe BF frbali TR 1030 250 ~ 100 e
&7

300 & mﬂWHMMwﬂwpw%ﬁ

,},l o pL b IE A T N FY *fr%‘i_ Kb ok e
R G B RE KW PHANT SRR bl S HT AR TR R
e} RATAGF & TR S LA RS PR K

AR LA BT f A FE S R SR b

Aok ER TR L R BE

TRy

B 2-4 FLO-2D ##ti%M (a) B KiniRA M (b) &+ ki B F : (c)

Aok ES B (B 5 k& : Erenaetal. 2018)

2.1.3 SOBEK

SOBEK ¢ j& i WL|Delft Hydraulic = # # % » # - 4ip " foT ki 75 4% *

BEal g rUL 4 B ko R fE- R ok 2 423 (de Saint Venant equation ) © @ = &

PR N UE AR R R U RS AFTRFELS LG R

# 4] - SOBEK #i5¢ ¢ 7 4 fafiie » Flet ik 0 kI B oh > 7 HRUR T~ 8y
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LIRS AN G B - N 2 ﬁk%ﬁﬁ”%ﬁﬁﬁg Brger ¥q

FA AR o FABER R LA LM ERER P ¥ gk ok AT
oo de kI E S R BRI E R AR KESRE - LR R oRT K

B I
ZPEQ0I0) M AR ERDER > ot HAF ARIFH LA L AEKET

R R R SRR AR IR T > ToRGE R AR A > L R

=h

FEV T AL L A A RER D MERPEART 0 NZERF B F K
BERRERS > BB * 22 0 L * B o] o Haileetal. (2005) # * 1.5m v
15 m f%47 & e7 DEM $ic#t 8 ‘ﬁﬁiié’%ﬁ?#r;' g4 fi 7 (Tegucigalpa) » % % & o1 e
fR4T R enFORLE 2 & M imine Ak 28k o ¥ L DEM : ¥ 4% SOBEK it

BReBEEFE > Aa Fetlcd b HEPFRTE L E#cX (Tarekegn etal, 2010) »

2 Mettar - Dulft Hydraatics - [NETWORK NTW]. - =

08 0 QQH(’H«- A G

Tathe wel scnagn T st Love | St [Fo———
i s “TAGT| S =

Bl 2-5SOBEK 3 4 & (B % kift @ > BpH)

2.1.4 Mike & 3
3% 4 7]# 7 MIKE URBAN ~ MIKE 21 ~ MIKE FLOOD % #£5¢% » d 2 & -k 4]
£ Fx #7(Danish Hydraulic Institute, DHI)#* % o Mike urban # * § *U4 4 % R fz-
iR > AR 0 TR A KT oRE kY P BB R MIKE 21 1% 5
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AL u b oz B f A ffE- -k 4258 0 @ MIKE FLOOD R.
LA R R B

Lietal. (2018) 5§ MIKE URBAN %@ %% d 4 & %3 &2 25 2/ Feidad
o PR E R B AT EE (KEPFER LR GR LD 4cF 2-6
SR oo kAP A REREET o LID S H Lk A RameE L TP>SS>
COD > TN ; & -KiFR foid -k ae A B 5 5 11.11-100%Fr 32.23-100% © 5 ¢k &

Ho3% en7 Fr 2 4 4 $7 887 hydrological reduction factor ~ imperviousness ~ decay

constant * %ﬁi%ﬁ ?‘J ?3%31‘3“: 7 ﬁaa] ) ‘J—/n > "lé m-E 'f‘—"’}\ ’?ﬁ— 5% o
- A ~ : i
R i, el
e’ 00 .
.‘g s v
o e
: s
' Moo
Legend e A 4 :
Node © ™ 3
LID Mecasure @ ...
Outlet o
Pipe -
) )

B 2-6 Mike =HH (a) - @3] 5 (b) = 2482 47 (Lietal, 2018)

2.1.5 InfoWorks ICM

ICM (InfoWorks Integrated Catchment Management) 5 % B] Innovyze #7% & 1
BoREE > Bk N A AR > BB it 23 B3 BoRka i FID
PFEfe R jta e YR TOREE A GO BIRE RS AR F]p i
Preissmann Slot ff%— i Kk > 258 5 - APl EXRAFH LR Z KT e > g d
E 3 oe ch& i R j2IE R T 9 Navier-Stokes = #2354 o InfoWorks ICM # 17 3%
& GPU st 73 8 feteid AR > 3R % 240 AI2 ~ SQL &34 fr k4% GIS #

wo B B4 TR AU ok & (S AR -
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B 2-7ICM #* 46 (B % &k : Innovyze F %)

2.1.6 HEC-RAS

HEC-RAS 3 ¥ B % 1 425 Bk~ 1 427 < #7(Hydrologic Engineering
Center, HEC)FP % » 5 A 41 ¥ 35 - Az F s B F 00~ ﬁ%ﬁ’} ~RE KRR
KL S HOER - 2016 5.0 9 R ATR S Mok ds 4 HES  r0p U R AR
W R R MPBECR S AN o AR AT G- A% - AN > - a5 A
TR AR N BN TR ARA S KR o dof] 2-8 90 F 0 it
TP i 228 KT R enjinn o (Dasallas et al., 2019 5 #f 422, 2016)

ERiE4R(2016) 2 5 2D HSS 0 B 300m 23t e Rt A R
% 407.14cms(Ap $3%- 4 5 -10.7%) > & FlE R A 1.3 ) FF > QR E 57T B
WA ZER 20— A4, 5 85% 20m 2 3-8 e % ng @5
461.6cms(4p 34 5 1.13%) > & DERF L 17 ) pF o> B8 131691 B -
WIATEZPER O e Bfs EHRT S0m -5 e PRI EHEXTALI0D
30 R 0 B RECE A RN 0 4 R EL 4% o o 7h A § 4 2 HEC-
RAS 57 1b— ~ - AW m £ BN fody 2 BRTENIFE > BREA

5 B Mg T 1D/2D fN T #\;{}_iﬁi‘ TR -
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2.1.7 3Di

3Di 5 2010 E A B B2 B il AR A L RS T RRE e A
ok~ RR B D~ LSRR UM R o ok 0 0 F R R
LR s BIRAT S AR o HER S e r - BT OREROR kA i
B2 oL gV ieiE 2 2 41 £ 4% (2 (Newton iteration)# Ff% 2£4% f&
SRRk AR o L dF AR T E |5 (Casulli, 2009) o AFT g € * 3DiE

- ek R SR ESN ) FHe N HEAR AT 31 & o

5 f % 44774 DEM #f 3Di eniifeocii © Hsuetal (2016) 2 & & = fidin
L0002 Im 3 40m £ 7 Gk DEM 22 2 5 k03 - B % 4P i34 B 5k
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D ERRE AQOIS)A 4~ iR B ~ B AR T R4t |~ u A BPEREER
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(vulnerability)z_ fF e8f 7% #54 = # (Fussel, 2007; Gallopin, 2006; Miller et al.
2010;) °

A b e g R 0 Lin (Q017)F =0 = fher B e ROl k0 5 - Al
Mol R 5 F &30 cSF g7 ol RUES RG] > 83X T AL i

|- (Adger, 2000; Joakim et al. 2015) ; % = féh gL iy AL 5 5 Seif i £ & R 4
TS ROPE 2 - 0 st e A 4 (adaptive capacity) (PPt
£ WA B HRABHERAEN 4 (Smit & Wandel, 2006) » ¥ - 384 § K 4r
e N HE#? Z fp ehnk (Carpenter & Gunderson, 2001) ; % = fin i 4 g & P&
Bent B2 Affeftean kg o 963 R b 05 2L 0 et e T 0 9633 R B 4
e FacH 4 P A BT HFHFHE £ 2 & (Gunderson, 2010) o Lin (2017)

- EmEER G RLRY O TR EREBAT FRTRL

FRDPHF FRAT (T FEARY RS RHREG AL 0 50 g
Intergovernmental Panel on Climate Change (IPCC) 14 % International Organization
for Standardization (ISO)#1% # ¢z 3 £ (O’ Brien et al., 2006; Field et al., 2012;
Pachauri et al., 2014; Becken, 2017; Dobie et al., 2018) o IPCC %z & p 05 3 &
BAWERSEF AP AR R CEREER F AP P
d - B1iFef §F @ %-21ive (WG B f gRBnp B ERE, 5-1

e (WGID) 26 f G RBHALE GAIef R 5G » PPpiB 2 B 72

%5 %z ive (WG $# drdliE 3 # Wi g BAF > 202 4 uf

CF KR EF WOF i RERE S 2 o IPCC 1990 ~ 1995 ~ 2001 # d15 5 5
-~ I~ = = anER 4R 4 (Assessment Report) © ISO 5 B8 w2 > § F 4% 2>
FRAFFEL ARG G E PR A e o AERBERA R e R

2 (AR4) ~ 1 KR 2 (ARS)Z 1SO 14090 7 & $5 3 #8022 %

RS S N RS A
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2.3.1 AR4(2007)
AR4 113p35 B L 2min o > BB R w5 5 [ Al S A g2 Al iz %8

(¢3HF 2 FHEFEHRETE) o i RP TR > 7 RHAR S

’aj{
L
i

=

AF eSSk el Q2-DPrr 0 2P R B R (exposure) #F' AaEF Tl R
GEARRR A K B L SR R (sensitivity) & ok SeX Pl F B2 R
BRE2ZEERNMIFHEPERR  Aipa 4 (adaptive capacity) * kA & B v
RER > ¢ g\ EFan S T OF R E 2P R 4 F o degt 2
HET AL R AT 0 - AEB D iR A D (GldoE § ) - AKX
~ p 5 (e K E BT i % § ) (IPCC WG IT, 2007) »

Vulnerability = F(Exposure, Sensitivity, Adaptive capacity) 2-1)

Delaney(2021) 44+ % B ¢ & 3877 gervk 2 4 iz = § i 8 ap 38 g%

=7 h TRRET g{iﬁﬁ,‘—_ ﬂ}# WE R pEYEL Y > L7 AR 99533 B 17 4

FEiesE > g it AR L idp & 2 i a e Y A7 d g s
AECBUELREFBRIRBREIAENA AN g FBRET 15
WS e = AuEn R AP ~ CERARRE R RAPM > FIt 7 R of E R

AT EE R RN FORFEAB G RFERAE CFRE IR B
HME oo ffa s vdoe B3 B d o 5B S8t 31 (Min-Max
normalization):* & » T A E R AiF i 4 FEPEEBEBR LM LA ER

E% 4@ 2-10-~ B 2-11 %77 o
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B 2-10 k22 fi(a) J /& (MMM © % % 0415 5508) 5 (b) 94 & 4
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00002
02t004

04006
06to08
08t010

o ——
Q100 200 J00 €00 200 km

Bl 2-11 k2 2 938 R dpik
2.3.2 AR5(2014)

7 3t ARA ¥9635 R 322 0 ARS M B ' (Risk) 5 3= £ > b g0 & % 30
FERSBPE TR AR IP I SEE I RLOFR P REEAESLEE SN2
DENQ2-3) T o T AR BT EEFA IR NFEF LB S MA
(Hammer, 1972) » ¥ 3 A4k § SANEAZE 2 0 {1 % 107 L 5 B RBor 4>
4ol 2-12 #55 o

% (Hazard) £ 7 ac 38 2 &k Seph 21 f AP M ehp R X S HpmEE > 7
BAad EMA ~ A#HFEE PRI E - AR B T RadE T (IPCC WGIL 2014) 5 £
# (Exposure) & _ip ART R A EEO R ERE S & (Vulnerability)dg %

s

5 X ow B0 e (propensity) £ A (predisposition ) » & FEATR M~ F A X R
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FHr12 A ehic 4 (NCDR, 2019) © B 2- 13 P g1 22 AR4 22 ARS e {B 22
PRFPRDLEK D AR kB ARS g T AT S K BB R R MR 0 3R
Flg o Wi FAPMERE ARG IE R - BAF it frARS o E R~ BB REBA

fo itk SLehp 3R FE o

I

IMPACTS

1

SOCIOECONOMIC
L Vulnerability PROCESSES
r
Matural Socioeconomic
Variability Pathways

Mitigation
Actions

[ Governance ]

EMISSIONS J
and Land-use Change

[ Adaptation and

Anthropogenic
Climate Change

Bl 2-12 AR5 ™ % &2 b '4 24 EI(IPCC, 2014)

Exposure Hazard

Sensitivity Exposure
Vulnerability

IPCCAR 4 IPCCAR S

B 2-13AR4 4= ARS #£4 # 32 (Shouvik Das, 2020)

Risk = F(Hazard, Exposure,Vulnerability) (2-2)
Vulnerability = F(Sensitivity, Adaptive capacity) (2-3)
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M 7ot Z B 4o 3¢ o (National Science and Technology Center for Disaster
Reduction, NCDR)>" 2019 # 2 ARS ez & 36 bk f bt f i RBT kTR
B's o T F]F4cdk 2-2977 0 BY FlEe 2 R ~RIRER D ~ BB R R
REPRE AP RPE Ao kTR T I EBREREERE AL
1 FE~ REF ORRR R s ka4 S BRIk AT &
B4 o

L REFE 1EHEE

£2-2 #ok s %h %k & % 4 (NCDR, 2019)

B &% 8 7] B F A AR R
= - FHRAEE
&R AR TCCIP
st S =E FRE SR
® R WE TCCIP
#KE D KA F
BE %m%iifﬁﬁ KA E
#ﬂfﬁ E KB BAGE KA E
4 EERE KA F
IT¥EFKE KA F
E¥EARE S
i Yy Ty
Wil A EARAEE i BT
Mg R E & F
SR AH i A R, A5 T BB B () 48 2k
wEg | mazgaa |0 T RARER
BRSAKAG M AR EakAla
A ELER M EL 8] A O St
#AAAOEE S5 A
AT BRHE (005 RMBBLELE
BREEE B B Ewaikfa

Shouvik Das (2020)iF * 33 i $#cii &4 247 (PCA)> 1ipk 488 £ 45
HE R F Aoz £ A ARA o ARS dfe e 2wl & § F B B35 R {oh '
BT RSS2 ABR G S B P LATY s R 0 © R
AR R 435 ARS B HAEZDETRG BN RH B LA p D gedt
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GO T B AEREDF BB R R T H U U B .

2.3.31S0O 14090

2019 & 6 7 2% ISO 14090 § i3 £BAFRA - & £fcdns > o ABoHF

=

e HF EREOEET A RBE RS P T MABEPEEF G ok VR ab
GETES G R FERAAG AL RESR R BAEEL AT R
RSB R B P BTk BRDLEE ARS B o SR B SIEA 2 AR4 49
oo F W3t ARS LA R AR R CISOH A PIZ A E 487 UG &4

AR AR EENFEORTRGET S BER 0 AR 2-14 957 o

| mias ki
| @wEE SR
eoiga ] Sensitivity g
| A gag
W | @Rk (EK) 248
ok E
Wit | Emmmas |
P BEEE ‘ sy
& |mssmm e
Exposure

Ao EFELFA
& COMIBME | B% ABHM & LFAEE

Bl 2-14 1SO14090 B % i3 %8 b % 2 =% 29255 A (3 A& 4, 2020)

Chin-Yu He (2020) 2 & B *& #i-3% (Tun, 2019) % 1SO 14090 #7 % &% 1k *& &
A#H 0 g F 1E %830 i (Climate Change Adaptation, CCA) £ & & B *& '8 i<
(Disaster Risk Reduction, DRR) %+ 412 4 DRR ¥2 CCA (DRCA) ik " fic
o F UM E R R L AFTA T L 20 G BRI FERENE S 5

RIF 3 h Y FE A2 34 B TP EABDEF GRS
¥

(‘H}

—ag,aﬁ%@z 15 #57%  Bois ¥ 384k 4§ £ 3 K 5isIL 0 DRCA

IR = RE SN & ERICE Y
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IR &R

ﬁii&.?ﬁﬂtﬁ&
Y I EEXIEI IESS T 1T =277 T
cHEH BT E <R MR B DEE-3 L1 25 3 % FOdE #FETE R
- A A - G RERER AR TR AE
. HEHERE EX Y 2T )1
e Hifs |

L ) [ y
TRy

HHHE ~ 250 s A OANES S . é:akﬁ’ﬂ?lhu - i
A - Ry sk

LEihmee 20843 & R0k LW R SR 2.5 M D

lalid s 20 2. L ) y .

. Pres P rivipe 3B A EAE A AALE 5 B A AL E
?3!3-&}-)‘;—,?!&&&_:& T8 SA-F Ry EoEH ey BT ah kg
MW 4L HEEMAEFRTRRT SR

Sk B AL I O.Ppk R F AR T B BARSTH &

MO T SO W R
N 55 FE 4 1L st§

(AR AL E 2t E s Rt & - 2019)

Bl 2-15 #7449 B LT %A (P 4, 2020)

23 # Kb b

WD R ¥ R ¥ FORFR CIZNE RN B R R SRR R

v
}:
_E
T
\\\

S RER L ARPTIRAE R o ) Fr’m?},? ¥ ATiT E ARR C
BRI fE; GRBEAGEES T B R ERFREL SR FI RS
PR R A RS E o B2 MIRE Bk AR FIt F RPEE R
T iEp & F1F 2 %8 (Kong, 2016) o A & 4438 U Mdg iR (7 4 7] ehw
B R ETRaOER R 22 B AT B RS E DB ET R B iy
P B RY B X g iR gt B EAp é)gki'éﬁﬂq °

Jelenaetal. (2013) #-¥ Kk F 2 EF ER4on DT - BEKFERLTHRE -
BRI 0 RALSRA F A 2 Relief 3 5 k# 1% G Sipfesks k=i Rk
ek %5 5 Resist % B K30 B B A # K S folg T 5 MR LB
Response % i K B g2 B~ 48 ¥ 12 {7 & ; Recovery & i /K ¥ i (4L F £ 4& iy
4 S Reflect 2 58" B4 > AT - F 3 kkfpd e "G LIFREET
o e T dg (R I AR G R) 2L R P ER
22

doi:10.6342/NTU202202440



PoAess i KR B S RAR I RAs-k T ahie 4 0 7 5 Flood Resilience Index

(FRD):H#EL o 4oB] 2- 16 #7577 o

Reflect 5 indicators | i| s
f | g
Relief Sindicators £ | 2 2
— e
Resist Sindicators  E | z g
: £ | T
#  Response Sindicators ¢ | %cfl
H 3 i |
i = | 5
5 indicators ! <

Bl 2-16 FRI *f 7+ & Bl(Jelena et al., 2013)

Hemmati (2019)3% % Ak € (G B 805 KR "B F R 4ecnFlF 2 - > F]Ut B
KB G~ AR BB R RAL R I o AT AR R B R D
A (blhe B s R R s F R SR kR R RO R
) R R fE K F 2 (Bvent)# £ H 34 i (Functionality) ¥ 14 — AL 5
EodeB] 2-17 2 BlAe F 2 FF EHEA B EEREH RN F i
REWE S FRRET I RIIRRIEATRR RIS L ATF R o & o

VA TRNEEEEEOR G AR 2-17 7 0 B AL MPE o

Mitigation Strate gics
(pre-event action)

-1 7

s s
g \A’J ..........
-E Aging W7 T
g System i ’ Recovery Process
= ! (post-event action)

I

]

Evlt'nt

.
Eal

Time

B 2-17 sr Bk LpFRF © B T an% it (Hemmati, 2019)

Chenetal. (2019) #-E P 5% & 4 % » FRIG1-5 ¢ o 4o 2- 18 #7
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;o0 B-FRI A & 04 F) 3 2 F % 28 (Event Phase) ~ Ak ¢ 57| & Fl=

3 F w4 d (Recovery Phase) » F]+ EH4c i 2-3 #7157 0 & F|F 355 Hk 5
B & (Reference Parameters) % p 37 € o %A 7 R EFF R R Lo @ F S
EHFFF R FREE G O30 12 P-DWave (Parallel Diffusive Wave

Model) = S Ho5 B B # 2 2 (Munich) s -k 535 > £ 1 3722 ahir 24y

FRI 4
1 ———

Event Phase Recovery Phase

»
0 t* Time

B 2-18 FRI+ AW > t*5 2P kigA 0 2 ¢ chpF3] (Chen etal., 2019)

# 2-3 FRI #]+ 2= (F# %/ : Chenetal., 2019)

Event Phase Recovery Phase
water | accumulated | flooding water children | elderly | household
factor q . 2| accumulation : ; :
epth | water depth | duration rate population|population| income

Leandro et al. (2020) # * Chenetal. (2019) 3+ & FRI =3 ;2 » %2R 2 4 5

r BEER o RTT RS X ERFEHEY § iz %1833 ¢ (Climate Change Adaptation,
CCA)» & § 10cm hp i WP~ 3md g ok i ~ ek 3LUs crofo ok % = 6.
T RERFHETHEY CCAF it 57%u: = FRI & #c i35

P10 R FlEi e ik g SRR TS A dfriEd > = BiERSFRI A - &

LA AT RARCRTORE IR 2T AL v R

WAE ] SR RETRE S 0 2 ¢ o R FRIP A 2 4cf] 2-19
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YR B EADRSG

AT EHT HREEHIE G AW g R - L R
3Di Water Management % & I/ 5% > B AT 7 ¢ A fow iE P BRURELE &
FERBHET A FRFA kA T S aud ok 3 %A 1SO 14090 £ ¥ F i3

WA 7L ORI R AR GRS I kS
§ Gk 2 B g R R 2 aus & 12 4p 1(Flood Resilience Index, FRI) » #£
13 B E A FEBE FRIGPATE R o A3 #-23E 5 41 5 3Di 5N AA#IEH ~ §F iz %

BF MR % FRIGE 24

3.13Di #i-3"

3Di E_d = jf #7£AE R 2 7 Nelen &Schuurmans ~ $ %= 3 #7 Deltares ~ TU
Delft * ey % 8 ok b & (09400 3 3 B0 55§ fR47 Rb K0S - sl e
kARG RO R IFBIT AL ET A B AI* ~ B3 48)
WA B Ao~ B TR S ek 4 H03] (hydraulic model) p # 2 SLiE 34 28 4 =0 FF
FHC5¢ (data model) » 2+ TN T H G DEM ~ 2 3 4%~ d A £ F 00 ok
EN T HCR - AE M R P RE T 2 kAR e
ok s eninds o REITE R 8 (Dahmetal., 2014 5 § §v 7, 2021) > %gt“ BiE A
ok R T & o st it Local 332 001 2 23838 5 i3V 7 > F
- RASF R BV ¢ 2FHELAT T p BRH G TR RPIR
® oo = WA o 3Di Live Hcp T AR B R PR R T F R B R

A s =-S FENS L E SUICRIER ¥ X - P RS = I o

B kA FER

Gt ARl AR RITRADTHEY R REFEFE > 2 2R B AR
R GTRE ALY 10 g B e Y ¢ §RE R R BRI T
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(Casulli,2009) o 4] * 3 Fefidr it 25 5 4558 (7 558 (Volp, 2013) » I & & 2 #pis
Ry LR ECE S 2 KRR AR o N TR G B AR frR ey LS
* o ?é-ﬁffjﬁ#ﬁiﬁ;'ﬁ N R R BB RE- K AR
311 #4325

% 3Di ikt ® o BB fE4 * @ T 3 (de Saint Venant) ¥ -k & = 47 3% (shallow
water equation) J-f# 11 - Jafr= BN o

R R ATI B 2 R AR m AR Rk (inviscid water) 0 F Y g AP ¥TH A
ol oo ®oRA AR e RS AN EBHE AN A BE DB e 4ot

(B-1DINE-3)#7

(i 5> 4250 PRIV G-D
x oy ot
(X o 21 E‘_ 7?55\‘) ua_u+va_u+au +g% _u”u”_ (3 '2)

ox oy o OX

(y* s2® ezt O V@+_+955+_V||v||_ (3-3)

X oy ot oy
;¢ o (ekizohakiB(h=C-e) ea¥ &3 UEFViXxE y > w

LTI RRIGE A P EFHEZRE S 0 C FE RN TR BEELE
(Stelling 2012; Van’t Veld 2015) ¢

oA kTR e R R B R AR T Apiiag > 2 Y - P R

festend £ 3 RSN 2R 2 o et G-I (35T e

(82 4250) g _gon_ (3-4)
oX ot OX
(i 4 = 4250 y oAU LA (3-5)
ox ot

AU UEPER o US- REIY A ORA KT T Gk g sk AR
KE > AL KEG > g5 4t A L 2 g Bcfo bR % 1 2 % H(Casulli
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& Stelling 2013) -
3.1.2 RRBF

3Di fi-s $ * DEM 17 5 3 & e 3 AR 2 084750 ¢ DEM hfigds & 4
BoORRELE A FRATIDE AR P AR ALFL (CHFCFRSLE
Fpew 2019 - BEERRY  dF¥ApFAENE - ) hRRA IR
KA A3 el PRHDEM P 3B 82 RS H B A 3D a3 2
(subgrid technique) ~ = 4~ #; (quadtree)F e K Ak T s 4 2 11 2 45 45 PR
i F P G oo e i T A TR B e B 12(Stelling, 2012; Afifi,
2019) ) RN G A BFAERET A AT R4FR ER

+ 482 12 DEM HZ (pixel) 45 5 & %2 (subgrid) » #1440 F ehe B &
DR BFRERBES - BRI E R R BB RFES R Sl

PSR R AR B R BARIES 2 BRI EE A ki

~

\_1-'
4.4

3 FIFEREL AFREABE AR F A HTEY > A BIEHE AN RIFE
g PR RIS o P HFL B R 0 R 5 B 247 R HDEM TR A
P BB B AR A X R FTY DEM angedadk & 5 i - ok

B TR Ed 1 DEM {4e it St B et B @ A

z= glmn ae. '.

B 3-1DEM # 3 4 B % F(Stelling, 2012)

wopEE 2 e B R P 0 0t SR 2 5 P A AT DO
Bl i - @RBA e B3 A BE U8 VUL i B ) 4pk
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S EFRE- SRR P E e AK€ - s B
BAE o B 3-2 2 RS BAE AV ERERE G AENAE 0 - B E R 4

7w

(8]

2 16 & DEM =+ 22 » 4@ 3-33&%,@@%—}% y LR T R

5 3t 8 8 F (van’t Veld, 2015) -

AT
L Sy

N

11 ' Ly

Bl 3-2 v A 2 DEM 748 % (Stelling, 2012)

G 2=l

balancing
N

B 3-3 3-8 e AT fre A 2 2 & §ET R Bl (https:/docs.3di.lizard.net)

3D BN ERF T AR o F R Bt E e fanslik(l) 28 B A
BORFFE L o d HN P kot 2 A s fic(Kmax) frd | 3+ 8 %4 ¢ < (Grid space)
Slick -2 e~ o] > Gridspace § 5 DEM Wz 2 B #ciE > 4o@) 3-4 977 >

Fkmax K 54 FEA RS ERG ML AR ERERA2E .
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https://docs.3di.lizard.net/

B 3 -4 Kmax £ Grid space 2. i 7% (3Di’s documentation, 2022)

BRI LR R R FL IR o de D 3T H LR R R anE
B PR T A F {5 £ £ (Niemezynowicz, 1999) » #afic & 4r B4
FEMAKE 0V AEBRFRACT ORE TR KD P AIVMERYE-
My e o R IR PR o TR £ B R B Rl e R

BR o oW 3-5 977 o AP R4 T & (Stelling, 2012) © B, 3 % ] 5, x4,
(B¢ 26, =06,)hDEM ik » Ax = Ay Zfe it efeehs o] > Tiel 2 Rige 4
BREAROER Qi eR%%E mon i ¥ FeERARE AR 3-68Q  ~F
Lol Aple e B A7 2 NN B-6)1 03 -10)57T o

O, =[(M-D)Ax, mAX Ix[(N—D)Ay,, nAY,] (3-6)

O = =[M-DAK, (=)0 Ix[(0-Day, (1= )ay] =)

I,m,n

O, =1 =MD, (M- DA (- D)y nay ] G-
O, =00 = (M=%, mAXIx[(n =)y, nay G-9)
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QISIr_:n 0 = oman =[(M _%)AX| ,MAX, ]x[(n-1)Ay,,(n— %)Ayl] (3 -10)

B 3-5 v 242 R Y fgfé’m# #](3D1’s documentation, 2022)

Ax, = 012! Ax,_, = oxr2"!
—
P’J E
NW North NE
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I
_____________________________________

------------------

B R =1, 20- 3 4
T I el o o o e
SW ' South 1 SE ! ! ! ! !

....................................

. East

...................................

Bl 3-6 Rifiz ik w A e (Stelling, 2012)

DEM# % ¢ '3 B { Hiw &7 s 4 k- 3585 #4897 %> DEM

BoF ke3> DEM 48 5 298 k(2 484 > 2018) > FIpt e SR 13 & Kk § R 4 4ot

GB-1D2@-12) HP ¢, 5 RFTRS > p 2B AE > h _—:%%atf;;%f;
f

(Roughness Depth) - & -k i 13 :}r%ﬁ - & DEM & 43 4205 #7179 B f347 &

ST RESES VRN S U EEST IR SIS PR ST 3 E
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% V-H W 4o@ 3-8 “m » HRPE R 6T Rt vk o @ 7 AT G AP 6

FEEI kA S
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(3-12)

i e 8 1 A

NW NE
= - T 2 Zn2n
: SW SE
Nw | ne

SE

b
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et R T AREA > REC TR R AT A5 Float32 > 2173 R RHF o
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LRGP ARELTR A EAREE S FRF BREAT KD G A BT
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CERN T EREE Y E I ffﬁﬁﬂ4ﬁ’@§@%ﬁ§iﬂiﬁﬁ%@
(38) i# -kiEA F]+ (Flooding Depth Factor) @ # KiRAE T 2 3% % o5 — PR %
BREGOERT0E > FARSERPTNL AMALE 2 5 - 2 PIEFF o
(KT pf2) 48P T F FEA L AEFRF kEr tasrut » 7

ok AT KA R AR RRA PTRR E(H, )R 5 0.5 2% A2

Tl Eg 2 SMA L BT 3 EANG-13)% 7 > Hi(H) 5 & 2 it Pyl enT
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FH (t) =

{1—(Hi(t)/Href),if H., >H./(t) }
(3-13)

JAfH <H, (1)

(4) #-k#Es f 7]+ (Flooding Area Factor) © d 3Di & & #5858 % 4% ik % -k -k
T S e e T T L LETILRRLE AN CE,
T KRBT B (Apep)R 3B AITE G 0 10% 0 3B 40 (3 - 14)
om0 Ai(D)EF 2L AR R oRG A A o

1-(AM/A,) if A=A (-14)
0 if A <At)

F(t) =
(5) # -kt pF(Flooding Duration Factor) ]+ @ & — /] Preqd K2t pF 5 Kt 2 4 °
R S F T I CE PUA EP S13: 8 A 0 S ot N ot
PRIFNERGETIR TR GRELORF c AT T R RE R
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