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Abstract

Recently, flood hazard has become progressively serious due to
climate variations and urbanizations. The metropolitan area is a complex
and sensitive system. The rainfall runoff process is primarily affected by
the anthropogenic factors. The main objective of this research is to evaluate
the impact of climate variations and urbanizations on flood hazards in
Taichung metropolis. Two kinds of flood-inundation simulation modules,
1.e. the separation algorithm and integration algorithm, linking the 1-D river
routing model, the storm water management model and the 2-D inundation
routing model, to study the interactions of regional drainage, surcharged
manholes and surface runoff.

In addition, in order to validate the accuracy of the separation
algorithm and integration algorithm, the Typhoon Kalmaegi event in 2008
is applied to verify the above two algorithms. In general, the simulated
results have good agreement with the measured data. Based on the
simulated results, the present research has revealed that the integration
algorithm 1s more practical to simulate the rapid storm sewer drainage
function than the separation one. The integration algorithm is allowed
overland flow to return into storm sewer drainage system once again.

Finally, this research utilizes the integration algorithm as the
computational model, considering the environmental factors of climate
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variations and urbanizations, to simulate the study case. In different
urbanization setting, the study case is based on two kinds of landuse data
which was supplied by Dept. of Land Administration in 1997 and 2007,
respectively. In climate variations setting, the study case takes two periods
(one is from 1980 to 1999 and the other is from 1980 to 2009) into account.
Thus, the study case has four simulated scenarios. Based on a series of
simulations, the results show that the urbanization causes more significant
effect on inundation areas than climate variations. With the better
urbanization, the flooding hazards will result in more damages in the
metropolis.

Keywords : Urbanization, Climate Variation, Flood simulation,

Taichung metropolis, Integration algorithm, Separation algorithm.
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2 B R TRE - Flt > JI* 3 VLA BT 2 REFERE R AR
FETH o RROBE PR EE A RS RRET L

R e el Bikss ok 2.1 9957 o

RN SEREREF M REBRERY LENE ES R
SEHERFRB LG RPRE ZFA G R E B L () 3 (s)
gw)~m) s Aame)s Aa(se)~dt(nw)?E & a(wE N Be iz
K it e B Rz 3635 o TP A8 H ez i 2 RIF
Pro B B AR N BRI BER DS N R E AR ER T
- R TR RE R RS Sl ¢ R R Re Rk Tl RS
KB AR~ B ARG HEEE S LETT R E R RN K2
Bob 2 Advlonig oom Bl B2 R U Ap AR 2 T e 4
RIRE kA Bl RO FRACE S ARSI FIRE O iR o R
Bz BE%F A E  Nrd 4ok geld A op 44
(Newton-Raphson ) /% i (7 Hcimz 2 & » £/ H L e R F 2 nig
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KPR T E 2R B fE 0 BB AR Ac B 2.2 #1757 (O Brien,
2007) c § RO H =R RFR 2 nER > YEENE - RIFEME R
Wheed TR (25 R EARITHFF) E&f ?q{\f’uﬁﬂﬁ.vz'
Bl Bon r Rymdiz iR o 4o 2.3 A1 o Bt o 3 E e w2 n g
HE L x50 (2-4) @ REREHE R e R RFEL
iwE

2 Qitt = ‘+1 = AgyrrAh/At (2-4)

P i PP R R AR
AQ; H AR c2ZmERHE (md/sec);
Qy CHAgeRERZ A =38 E (m3/sec);
Asyrr T2 F-kit 4 28 &5 f (Storage Area) (m?);
Ah T E At 2 KEHE (m);

At IB‘fﬁ?i"ﬂ'i (s)
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AR F M Hiphe

B S TR TN SE TR T R 2

R T - KRS R RAEL LR AR R kT
AdiH Aj’l‘ﬂm (2-5)
sruf
EA Aditt T - PRECORIRZ TR E
AQLT TR HE
At DR E 2 R REE



A PRt NIRRT REE LG
surf

Wook o, &

P 7 g NERRFF AL AET Y R EE TS
*%“ﬁ%ﬁﬁéﬂ%%ﬁém~ﬁ#’%P“%ﬁwiwﬁI%
¥ %4 B (USDA Soil Conservation Service) ** 1956 & #7% & 2 Soil
Conservation Service Curve Number (2 & #- SCS-CN)#- FAE AN St )
B ER S ok BRo RFRADF 12 RHEER RS
A< £ 51 % 122 37 7 (Mishra et al., 2003) - £ # Ponce ¥2 Hawkins(1996)
$ NN 2 s A CTH A B R e § R 3

SEREEIEY JEEED LN

'ﬂx’{

Msmﬂﬁ*ﬂiiﬂ?%ﬁﬁﬁﬁﬁﬁ%ﬁﬁiﬁ 2 B i

7 - 2 JE A FE o B2 A 2otk TR 25 de
(2-6) #i7 >
P=I1,+F+P, (2-6)
7E A A BK o 4o (2-7) (2-8) #rF
Rl (2-1)
I, = BS (2-8)

B (2-6) N (2-7) N¢ T @de (2-9) A g

P — 1,)?
p = Pl (2-9)
P—1I,+S
A, PR g
Lo “A#IcrE
F @ r>%E
P. RRERZERL
S EEEAFFE



5t E ;{ﬂjr'"/f ¥ ;s
@ (3-3)58 7 # Z‘«”a‘r",f Gl Bk Gk 2 iE AR E T dc s 0.2(Washington,

1956) o F]pt » #- (2-8) ;8 & ~ (2-9) ;%7 (2-10) ;47 5 SCS-CN fi=
U R E REATRE N PSR T AR ERE M G R
HE By REBlA-B 2.4 971 o
_ (P —0.25)?
©  P+0.8S
ARm oo (2-10) 8Py SEZFHGE L RHEIRBEFE AN
AT (A Fr2 22001) 0 * G EFEEEFI LI kv iR R

A2 @ § AT 0 Tt RH B G MR EEELT R T

(2-10)

& A DY RiE (Curve number » CN) » H &4 (2-11) X #r7 >
F¢ OCNZEAX] T 1002/ - FiEd MBI EFIT> TP L EAR
%% & £ 2. % % (O’Brien, 2007) °
1000
CN

ﬁ%ﬁﬁ?ﬁéé~3@ﬁﬁ%§ﬁﬁﬁua;ﬁm%%&%ﬁﬁ

j

?Jﬁéﬁﬁﬁﬁﬁﬁ’%%ﬁﬁﬁuiﬁﬁﬁiﬁﬁ
3 #o r%_’j ’]“3—97\ pJ‘ ‘T’/?il?-n m- ﬁi'ﬁ‘—"%} 2.5 9751 F] ij—’-’fﬁ—i}’;{ % B IE
B AT I B TR FREREZYNE K &
BREE 2z R 2R R e R X AR A E
L RIE  Ae T R

\\\?{.r

BREEFPEFE LR - 7 ¥R 20

\t (“‘9\'

s T AP ) G I faﬁ%
FRMRLFEGHAM Y PR FT - P2 EET T

Bh o R NIFEEAEY P RE AR R R E Y AR LT R LR
TR FH RIS MEEN £ PR EL B B AT A

&> ;g_mg TAEEPN BT ERBERD o
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S
T

(@)
o
f-‘}
=

BoR R Y o Ml AR e AR 2 TR S E 2 24
Fod FPEATHBENZ KB E A BT EET R BFE 2 BFRH
EAf AR IRNAI P AR M AP AP EXBE BEE
E - R E - PR 2 BEART £ P A AR TFE R

HE R T R R E EAT Y o A A R R 2 R

(.A

% EiG-% 24 2 # 1% ¢ (Courant-Friedrich-Lewy » CFL):i& {7 2] %7(Jin

and Fread, 1997) > @ $ic5% 2_ 2 %777 5 dopt » H 2| w] 8 4e 8 (2-12) #7571 o
CAx
At =— 2-12
PV +c ( )
PO At TR E

C DR G #c

Ax P RERTAR

p AR i N HERE R 53
\% DL TG iR

C DR R R

g*ﬁ?ﬁ&‘éﬁﬁfﬁﬁxi’éﬁ%m £ Y| 8T - RS RS EEN
moﬁ—\wiﬁﬁr%%@ﬁ%ﬁfa1%’%5#%@“”ﬁ

(2-12) 7 e (7 B G B2 247> & 2472 B % B TR A LR LD

EHAKTORE AR A BEE Y F L g - 0 d 02

B S RECR g 0 MR A ADTN s RN E R R A

?jé

RS B A S R EE S R N R
AP F AT ACRT R KAk E R FIR R k2 kR

o Rk TR L KRR K LA Bk E & AL - o B
14



Ao AR TEFEE T RIS AORT RE PR T ERI R IO T
FRAERFRERD FEE Y ERAP RGN B AT NT
REE peis o £ REBRORREFRR @ EFFWPEL SRS P R
BE IR LHRFIEIRE o8 AL 2 WA ITRE T L dopt 1L
Yol 2.6 4T o FIU o STHEERE 4o xR T ORGE kA2 TR o BT
Fok 2 iR e

AR R 2R R T RE R R 7 PCSWMM V.20060 # 5 4 £ «~ CHI
( Computational Hydraulics Int. ) = & 12 £ ®3E 5 £ F (U.S.EPA) B
% 2. SWMMS5.0 (Storm Water Management Model ) 5% 5 A # #78 &
ZRFERAEM R SWMM 2 #73 H# e M2 AT/ IE A6 0 30

ﬁf-’;‘““f "f:’gS\:“‘%«Fh«‘a‘—ﬁiT’Fiﬁ"}i@ﬁ%ﬁ%ﬁﬂ?éiﬂwﬁ"\?‘
@A ST KSR 5T HERA 17 (E 0 2005) 0 Fgt s SWMM
B R L3 e * SRR R o s R g T LT H B2 kA LR

PRGBS RETESNToRE N E B Pk ks #ad SRt FRIA
iZ(2 2009 ; 3 > 2006)

SWMM #3842 k>t 1969~1971 & d % R B FE F #7382 %
o fN 2 FREZEHY A 5 COMBINE ~ EXECUTIVE ~ GRAPH 12 %

STATISTICAL = i 2 & % 3. > @ > EXECUTIVEFM % #. ¢ * & 3
Runoff ~ Transport ~ Extran ~ Storage/treatment /¥ 2 Receiving Water % 7

B E e B R RACR 2.7 96 (B 0 2005) 0 F - H A B AR

EARFPFERZEZ R BEHDZ A4 o (8 RENEF T Moo 2 p 4B
Aoz g% H2 5 RRd SWMMS.0%R (8 T3 £ % & % dfz st
MO A e L A - BRI AN 0 R AR R "“—‘f;'f?%’*
(Huber and Dickinson,1988) - @ ~#2 3 4] * H ¢ 2_ Runoff s\ 12 2
Extran $ic;% » 3873 £ 18507 8 iz Sk WE o Hifmp BT &
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P o

SWMM 2.3 £ #4258 5@ > 2802 - ad T s (de
Saint-Venant ) ¥ & /5> 258 - 2 E 03 42582 SWMM 7~ ¥ & F & »
EE 0 E A AR E 2 AR S PR T AR B R R
FAENZ PR REE - R TR R AR B 0 B AR e

X (2-13) & N (2-14) #7 (4 0 2005 5 Yen,1986) :

0Q 04
2 el (2-13)
6x+6t 0
10Q  9(Q? /A)
= 2-14
gat+ ax Aa + gAS; + gAh, =0 (2-14)
LA Q g (m3/sec);
A i L%"T\i\iﬁ (mz),

x
a
*
J
M
=3
=
—»-

&4 g B (m/sec?)
H :kiF (m);
Sp  BERHEE
h, A4 kg (m)-
B B ES, It BN EA 8 4o (2-15) 4 o Y BiE S
HEO? S @ EF IR (a2 2 AR A2 2o

n?v|v|
_ 2-1
Sf_ R4/3 ( 5>
e, Dk BREA Gk (ml/C);

n
Voo l¥%re Tia5niE (m/sec) s
R k4L (m)-

;}E% }\“?hLEJ?‘ 2 }\. (2 16)-4‘-_:”)-1-5 ,’?lj’ﬂ' ;}ii:#uj—% ﬁi;\l]'j}.
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LSRR RE L FMAE o T AR g 2 E R R
Azdp iR (S > TE 2L (2-13) 2 50 (2-14) &7 F MR
Ko FF A 2 RKfz o

'E:QJ‘J i

KV?
h, = 2-16
V=301 (2-16)

PUE I K 44 ik
L :FgEE£R (m)-

a~ # %3288 (RUNOFF modules)

~—

PRGN ES-FEEZ A g 8 SERIELK
ISR IR R BRI TR R
Fode Bk REAIVEN R TR R s BB A E T BB
KT TME - X ERRARL ZERMRE (reservoir) o
BAHCA Rfichs 23200 o a BB M ERET SE ke T e
FHP 5 4oV (2-17) #77 o

dStorage
Inflow — Outflow = i N (2-17)
dt
A Inflow D Bok®2Z ~nE (m3/sec) s
Outflow  : =t & k%2 215 ® (m3/sec):
Storage =X EkEHP 2ZpFEE (m?)o

* SWMM 2 fit? K E-k% P » g (Inflow) BXR L& Kk ;

AU ok R MR E oA A (Outflow) 384 B2 & 5 0~
BN EF R ERE o RfREAY P X Bk E2ZETE E(Storage)4L i

FPAFTER ORI ELRRZEABEAL I 2ENESELE B
AN EFY 0 B EWECA T L BloBl 2.8 A7 o

z T\/

R AR BT 2 A TR T ARADZ E
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il a‘r"ﬁ% Ho 344 IR~ % F1F (82 RIFEDe o 3 8 sV 4e5t (2-18)
2 5% (2-19) #r7 » B¢ »%2 % & ¥ d Horton’s 2 5% ~ Greem-Ampt

5% & Curve Number #-5% 417 (Yen,1986) -

De=Dt+Rt’At (2-18)
Dy =D, — f; - At (2-19)
B Do :Mafszki kFE(XFTR>»%)(m);
D, &t i F (AF R >%) (m);

R, DAt FFREPN 2. T35 & 55 B (mm/hr) ;
At TERFHE (s);
Dp Az A okiFE (TR %) (m);

fi St ~ %% (m/sec) e

FAR N FZE FORFED A FE o R & B4 23800 0 Tt

m AFTES AR AENRDNEQ, B E Nt (2-20) F
T oo
1 P

QWZE(Df_Dd) /a5 /2 W (2-20)
ENE Qu # i g (m3/sec)

n § B Gdc (m/o);

Dy ¥ ZFFE (m¥/sec);

S P BRERTEHEE

T ERFRAR (M)
DAz Y T A SWMM R # ok R B S B B B Y e A
CRATIE RN 2SI NS HR B 6
P B E T & R4 2.9 1w e
B UREERZE E2RFE(TRE) Df."lﬁ PAEDREQ, KE

GBS AN ETE T - B (t+At) 2 KED,, 0 B KR
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S AR et (2-21)
Quw
Diine = Df — (A_) - At (2-21)
k

AL Dippr = F-FBFERt+Atz kK (m);

Ay PRk EG A (m?) e

SEN PP ERAETF R 2 REE D 3 HRET R
Brotit B2 W A g Qw,ﬁgﬁ¢§gﬁﬁ(mnmm
modules ) 2 ﬁ‘%])‘ TR HFmp FOTT &P o
b~ %TJ( ¥ 3 B3¢ (EXTRAN modules )

RS E LSRR TSN SR E Y SRS 2
BB B S EH T e KR A KRR Y link (&) -node (43t
HFEL) 2 BAEF wEA(link) ¢ BRI EF R0 B EHE 0
YURFEERP 2R 5 A& B (node) AoB i R AR 0 1
Ffr A e bz ok (3 22009 ; F oo 2002) 0 F A FUEBEALE 4 ok mAg
W A B ARPE 0 RIM E e A TVEIRER o #50 link A o Aok
ToREFHOKIRT A S AR E IR BRI FERARE 2R
BT o BFARZPIEI A B pa > AR5 (2-13) 3 38 (2-14)

FIRTT L E LA PR R BB PR 0 Tl ) T2k
R4 CREEATERA] o HoRTRZ F ] D ARV S 3 (2-22) g Azt
2 30 (2-23) i B AR 90w (Yen, 1986) » td S 1 T 2 B4 K A
REFAR & ey @ e T 0 TS (2-13) @i B Qe K fE
HE o0 (2:22) RIEERT RN RY, ¢
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M A 3L a 8L (node) @ 5 0 H R T R P Y

Qe =AV;
h, — hy Q¢
A.——— (K, + K — gA.S
9. I (u+ d)ZACL gac

Q. EHAFNE (md/sec);

A, TERBFE RS 6 F (m?);

A DE AT EkoE R (m/sec) s
hy, *E®RME

C B4 KSE (m);

(2-22)

(2-23)

hg G ESTENC A kAR ke (m);

Ky 0 F 8P o A KA %
Ky ¢ 8T o e A Kopap 4 Gk o

S S

/\

T

J}éd’?ﬁ

PR R R T M S| Rt o Hon g P E (storge) K i eF Ry 0§ A

B TEEMRE R P EARZ

RmE B2 A R REAEEIEF A TR i AT

Y , 2
Zo im0 -‘,E’ 7

s r /,i/

F

B oA A S Rk 4 eF 2
H X

FUE BLPTE H | ? fﬁﬁ%i&f#ﬁi;%—kr@ 2.10 #7

T oo AFYEREQ,T MR AN A T drit (2-24) #1571 (Yen,

1986) °
;ve

dh
o:ch,i+Qk_A
i

DAGYE R E (md/sec)

v Lo

S T F.U S R RN

HEC RN S

C A Bk RERT 2 E (m3/sec);
Atz G (m?);

PAGkE (m)e
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AGUEBEIR A R L LR R B I R R B R TRt ggi;
kE s 4 ?if*f!«l‘!«i’a%'\i%jéfﬁ’t“%#ﬁi‘é‘}fﬁ'r%ﬂ}’ CRE iR RQ, S
PV (2-24) v ¢

_.__? s
B A3 (2:25) 9for o3 R BAILEBEE MR E

. - N . A=
IME & ° ‘r'?\]'f}J\—g B

nS E; ;\" (2'14)—%,&“{:’&31’

1
W=A— anwk (2-25)

AR BROE SR 48 R 58 (2-24) 7 R0 RA
2 Q,7 RAr#c s P PEAGUE BLiTER N (2-26) B FiE

o REA 2
HEIB Q8 £ 1N (2-27)iE 2 4

P ELK R AR R Qo Qp
Q,2 B (2 > 2009 ; & » 2002) -

:ZQc,i + Qk
D Qe Q=00+ Y (S ahe) =0

Bz e TE

— ~F

Ve T~
Kimh, o B AR AATER L BARPE > A LS RLF)E 5
AAFEIREA ATk o LA d AP AL
A M PR EFATE R RQu T
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2.2 b BRI E 2

AR B R LR £33 (2009)% (Q2002)2 87§ H-H

P

s
2o EF }\Av W FL’T’ ’ /fﬁﬁ AR F‘J ;'L BT ’}\T’J\l—é—ilfﬁ’% ’ ?3%

T Lm0 B R R P R R AR ATV R i

3

erg Aok A 2 F RS o R AR~ - e AR
Pl B F R e LR R ERF S AR BB 2.11 A1 o

Flk R TORGERGY S - AEEEE > HEE P I A Z AT
ﬁﬁi%ﬁ’ﬂ&’i?ﬁﬁ%iﬁﬁﬁéﬁ@$1$ﬁ4%*ﬁ%
AP F Rk E SR A > TR RS Y 2 R R A VR
TR R ETR AL S BUn Bk R EEERA R L B aLA LS
BFERF - REATELBFE KR AR ~ 28 ’ﬁ%]% Runoff

PP B AR AR s o AT A S B R R RS AR

B 1S ’ﬂiﬁ%i EXTRAN #ic58 ¢ 3 (F xR B i 2 > 87 s AR 7Kg 2.
EEY > HiFE Y

¥ in 25 8 PCSWMM V.2006 i€ {7 > 2+ je 24 4t 3
AL Y m SUATRIE 2 PR o

FUEECREEFEA RS EE gz il
PF o PR 2R TR o Tt o - EXTRAN 058 ¢ 32 B #rif 2 B ghizgin
Ao @k RinE R EE P H R R R R R 1o &
B iR Y o T E G BRER (source) 755N o = R B SRRt 2
P BRSO T BB 202 410 o ¥ o d T A AT AR
23R L 40X40 2% > F RBEOLBESFPE TR A 40 2%
B SRR B P BERE R e RSB R R B
%ﬁﬂi%%’éﬁﬁ&m%ipi*éﬁﬁiéﬂz:ﬁ&%m;

Ffines > BEF T EEH R N Ry BE TR KB ERK T
FEE 2P RN LEFEFM- B N ERERY
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)G R BRI IR S BB T L2 ¢ T A A
Bid gl AN ST AT S 4ot (2-28) 0 2 (2-29) 2 3¢ (2-30)
775 (P » 2002) ¢

% d(hu) N d(hv)

ot + Ox dy = Qsource — Qlink (2-28)
dh uou du 1 /0u [@sourcelut
= —_—— == e 2-29
Srx = Sox T 5y g (6x> (ay) (at) gh (2-29)
dh dv dv dv v
Sfy — Soy _on-u (_) _ _( ) ( ) . [qsourcel (2-30)
dy g\ox) g\day) g\ot gh
o Asource CREONERZ ERE (mg/sec) ;
Qlink D gongkz win® (m3/sec) e

vﬂ:f‘?ﬁj"’%i}\‘ 2 B/ B ) QL I i B ’F“ ARV A R A WA ’
etz ¥ KA LY R ERITINOF]F D YR F BT 2 Qgource
E Quni © 9 T F FOCEREN T BRF LB AP BEF Sk i
%E“#E’H?i%#iﬁi/\ia MR RTOREF Y o0 Bl 0
mREFIRANP LR R RTRGER 2ZPEAT 0 AR AT A2
e 3 RUNOFF oV P i A& » e r Bynged ¥ » Ly &
%%&%mﬁﬁﬁ’ﬁﬂ“jém~w%x 23 FEm o R R R
B2 /E—’ﬁ}ﬁzﬁ  x %{K% Al P Qsource %8 7 © @ Qg RN
FIRN R B S AEE s R -k iR PR A KT
*ﬁiﬁﬁ?@ =+ a%w%#%+f@%m1ﬁ$§¢mﬁmm
BOATR R R Bk F g2 0 T R Y 3

EHREATE PR R KT RE 2w iR E Qg
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TR & RS d g
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FARE IR Y OKIRTARG £ AP RG22 P RKR (B 2002
Yen, 1986) » -k 4 ds #-r1 € 4 5 5pds 4 (Driving force ) & 7§k » %]
P RR RIS TF B - AP R EETREHE AR R
o RIARON R B L TR B KSR R TR G e i
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Z 2.1 B8 ficki i B ¥ PR 4 (O’Brien, 2007)
T e i P E R
1,000-15,000 waE (A 48)

150,000-60,000 e (3 1))

60,000-100,000 PRI

100,000-200,000 B (4 0] )
>200,000 (24 ] pErL L)

oy -,,._5:"":

™ : - e
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SR ABVE #&'
e
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B 2.4 SCS-CN B & 4[]

(et mibpism )

BHFHEA

=l g
\)\\\ J,‘FL & /,s}&,)—‘(es—*

T (Re#RARE

No
ol Fﬁ'ﬂﬁl\k? Yes

L

No

'—$M§ﬁ£PA§j\

- \\,‘
No < HRARE - NO-»

W& i8R — Yes—

BB~ Rl
LA B 45 38 [ 7R

> iEsaErE Y&
“r EIWE KA
> R R AT

o sEsag |

l

I

Yes

| R # A A

.

;\ﬂf‘(cs

HHEABEA

No

Yy
B fRL A YOS
ﬁ#ﬁ%ﬁﬁ

No

FAT — R E
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