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Evaluation and Application Study on Urban-area

Inundation Influenced by the Climate Change

Student: Guan-Ye Li Advisor: Keh-Chia Yeh
Department of Civil Engineering

National Chiao Tung University

Abstract

The study of inundation resulted from typhoons and storms in
urbanized area is more and more important, especially accompanied by
the climate change and rapid growth of socioeconomic development in
Taiwan. According to the study of climate change and extreme weather
(Intergovenmental Panel on Climate Change), we can see that the main
factors of flooding disaster are the extreme rainfall and sea level rise.
Among them, the extreme rainfall has much larger impact on the
inundation-prone area.

In this study we consider the increase of probability of the occurrence
of extreme rainfall event under the climate change condition, and
evaluate the impact on inundation situation. The commonly used model,
SOBEK, in Water Resources Agency’s inundation-prone area projects is
evaluated. First, we review the theoretic bases of the models to realize the
numerical scheme, grid generation and other characteristics. Second, we
select the watershed of Yu-Cheng Pump Station in Taipei as the
application example, considering the interaction relationships among the
overland flows, sewers, manholes and the pump station capacities under
different precipitation conditions and different Manning’s n. Calibration
and validation of the numerical model is also executed. Through
analyzing the impacts on sewer system, regional drainage and inundation
under the hydrological conditions before and after the climate change, we
propose the relevant countermeasures.

According to the research result, the rainstorms of different return
periods before and after climate change result in different flooding scopes



and water depths in Yu-Cheng Catchment area. Therefore, it is worthy to
consider the change of protection level in Yu-Cheng drainage system due
to the extreme rainfall events.

Keywords: Climate Change, Inundation Model, Potential Inundation Tendency

Analysis
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2 2-1F 3 w3+ A5

A0 o]
i PRt L g B A (%)

145 30 1.99%
D H L 71 4.719%
2 [l 3k B 167 11.089¢
v H R 1 0.07%
W 17 1.13%
ERTAE 97 6.44%
7K % 2 0.139%
Bl 846 56.149%
e 23 1.53%
5 3 0.209%
BER 180 11.949%
)= 3 0.20%
T 30 1.999%
A b 37 2.469%

2227 REA KT KRG nE F LRI 6l

B9 (20F) 1A EkE (1627.4)

B (27 ER (2%) )
0.5-1.0 13416.09 22.21%
1.1-15 15824.27 26.23%
1.6-2.0 9197.67 14.88%
2.1-2.5 6054.50 8.32%
2.6-3.0 5511.80 8.60%
3.0} 17580.19 19.75%
BER (2%) 67584.52 100%

45




Z4-1- i L% BAER EERRE T R

IR Ak RRR R
b3 0.03 - 0.07 (4% )0.10 - 0.20 (33 #)
~ 0.30- 0.48 (F % i£ %) 0.40 - 0.80 (i + $£)
BF KL 2T 0.01 - 0.03
R 0.05-0.10
1IERFEF 0.05 - 0.08
e 0.15 - 0.60
g 0.01-0.02
F24-2 £ 2B A AL BRAE B2 BTSN
ek 51k ¥ 25 53k % 4% % 5%
1 A i
B 0.04 0.05 0.06 0.07 0.08
SR 0.03 0.03 0.03 0.03 0.03
SSIENS 0.01 0.02 0.02 0.02 0.02
ERY R 0.07 0.08 0.085 0.09 0.1
1% 0.06 0.07 0.075 0.08 0.08
PERR T B 0.08 0.09 0.1 0.1 0.1
H 0.04 0.05 0.05 0.05 0.05

46




% 4-3% & B Sl BRSO G A

Hix: o
#okiER (2%) PRRAL S
casel case2 case3 cased case5
0.25-0.50 57.98 58.19 58.47 59.14 59.78
0.50-1.00 76.65 77.24 77.77 78.57 79.62
1.00-1.50 49.77 50.53 50.97 51.71 52.35
1.50-2.00 9.32 9.52 9.70 9.83 10.21
2.00-2.50 1.89 1.97 2.07 2.12 2.20
2.50-3.00 1.10 1.13 1.13 1.13 1.13
3.00 12 ¢+ 4.97 4.97 4.99 4.99 4.99
N 201.68 | 20355 | 205.11 | 207.49 210.28
FAAFRRL S k2R KRR
Hix: g
FoRER (2R) #okw
0.25-0.50 49.84
0.50-1.00 80.03
1.00-1.50 26.68
1.50-2.00 5.22
2.00-2.50 1.72
2.50-3.00 1.54
3.00 1+ 4.02
Fokw f A 169.04
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A5 1fRATLERD - P EA P

Hiz: 2 X

pF R € LY EE

(] B¥) 5 & 10 & 25 & 50 & 100 200 #
1 5.09 5.94 6.94 7.62 8.27 8.89
2 5.58 6.51 7.60 8.35 9.06 9.73
3 5.82 6.79 7.93 8.71 9.45 10.16
4 6.30 7.36 8.59 9.44 10.24 11.00
5 6.79 7.92 9.25 10.16 11.03 11.85
6 8.00 9.34 10.90 11.98 13.00 13.97
7 9.21 10.75 12.55 13.79 14.97 16.08
8 12.12 14.15 16.52 18.15 19.70 21.16
9 19.88 23.21 27.08 29.77 32.30 34.70
10 23.76 27.73 32.37 35.57 38.60 41.47
11 37.81 44.15 51.53 56.63 61.45 66.02
12 21.82 25.47 29.73 32.67 35.45 38.09
13 13.82 16.13 18.83 20.69 22.45 24.12
14 10.42 12.17 14.20 15.61 16.94 18.20
15 8.97 10.47 12.22 13.43 14.57 15.66
16 8.00 9.34 10.90 11.98 13.00 13.97
17 6.79 7.92 9.25 10.16 11.03 11.85
18 6.30 7.36 8.59 9.44 10.24 11.00
19 5.82 6.79 7.93 8.71 9.45 10.16
20 5.33 6.23 7.27 7.99 8.67 9.31
21 4.85 5.66 6.61 7.26 7.88 8.46
22 461 5.38 6.28 6.90 7.48 8.04
23 4.48 5.24 6.11 6.72 7.29 7.83
24 4.36 5.09 5.95 6.53 7.09 7.62

w8 | 242.4 283 330.3 363 393.9 423.2
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25-25 %P LERY-PRAE

Hiz: 2 X

pF R = mEp §E

(lP¥)| 5# 10 & 25 # 50 & 100 200 &
1 5.56 7.26 9.59 11.59 13.82 16.39
2 6.08 7.95 10.51 12.69 15.14 17.95
3 6.35 8.29 10.96 13.24 15.80 18.73
4 6.88 8.99 11.88 14.34 17.11 20.30
5 7.41 9.68 12.79 15.45 18.43 21.86
6 8.73 11.40 15.07 18.21 21.72 25.76
7 10.05 13.13 17.36 20.96 25.01 29.66
8 13.23 17.28 22.84 27.59 32.91 39.03
9 21.69 28.34 37.46 45.24 53.97 64.01
10 25.93 33.87 44,76 54.07 64.50 76.50
11 41.27 53.91 71.26 86.07 102.67 121.77
12 23.81 31.10 41.11 49.65 59.23 70.25
13 15.08 19.70 26.04 31.45 37.52 44.49
14 11.38 14.86 19.64 23.72 28.30 33.56
15 9.79 12.79 16.90 20.41 24.35 28.88
16 8.73 11.40 15.07 18.21 21.72 25.76
17 7.41 9.68 12.79 15.45 18.43 21.86
18 6.88 8.99 11.88 14.34 17.11 20.30
19 6.35 8.29 10.96 13.24 15.80 18.73
20 5.82 7.60 10.05 12.14 14.48 17.17
21 5.29 6.91 9.14 11.03 13.16 15.61
22 5.03 6.57 8.68 10.48 12.51 14.83
23 4.89 6.39 8.45 10.21 12.18 14.44
24 4.76 6.22 8.22 9.93 11.85 14.05

a7 § | 268.40 350.60 463.40 559.70 667.70 791.90
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25-3F EREDEAHpLAE
Hi=: %
#) §E & LY
A Ak 5 & 10 & 25 & 50 & 100 & 200 &
FiERRE | 2424 283.0 330.3 363.0 393.9 423.2
iR | 2684 350.6 463.4 559.7 667.7 791.9
BBEwispL] 260 67.6 133.1 196.7 273.8 368.7
% 5-4 A EmP2 TEERIEE
H [l AR
€ IR R
TIRyIE| 5 & 10 # 25 & 50 & 100 & 200 #
ko 9.19 10.23 10.86 11.49 11.58 12.01
AV LERPAERED A E o

=R

TR kR AKP ARSI F 0 2002 £

25581 %Ak B G At st

§i oo
R R IR i ERE - S0
1% 32.40
D EKE 76.67
2 Bl % ¥ 180.34
vHETR 1.08
B 18.36
I B 104.75
S 2.16
iz 913.59
B 24.84
8T 3.24
FER 194.38
EEFR 3.24
B g 32.40
R 39.96
w3t 1627.40
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% 5-6F i RE T Y B A KT ORE $E K FE 2 B
Hi>: o
& LY §E
AL :‘ﬁ‘}i 2} g
ke (25 5 | 10& | 25& | 50 & | 100 & | 200 =
0.25-0.50 5420 | 60.65 | 86.66 | 112.20 | 121.11 | 103.96
0.50-1.00 81.00 | 83.30 | 90.34 | 114.97 | 129.18 | 138.32
1.00-1.50 36.45 | 6564 | 69.53 | 70.73 | 7058 | 82.94
1.50-2.00 699 | 16.13 | 41.93 | 57.06 | 66.25 | 75.34
2.00-2.50 187 | 274 | 704 | 1083 | 1820 | 45.67
2.50-3.00 159 | 1.02 | 097 | 174 | 253 | 653
3.00 17t 407 | 492 | 525 | 532 | 548 | 581
Bk e 186.16 | 234.39 | 301.72 | 372.86 | 413.34 | 458.57
L5 7 FERE 3RS KT R A kL BP
Hi>: o4
& IRLE §E
BOER (¢
ok (25 5% | 10 | 25 | 50 & | 100 & | 200 =
0.25-0.50 5993 | 67.79 | 98.30 | 121.91 | 127.08 | 111.46
0.50-1.00 8182 | 86.22 | 95.87 | 120.00 | 137.83 | 144.95
1.00-1.50 5164 | 55.09 | 68.74 | 7516 | 77.21 | 84.25
1.50-2.00 707 | 25.88 | 4393 | 5729 | 69.48 | 77.95
2.00-2.50 202 | 374 | 561 | 12.01 | 2035 | 52.81
2.50-3.00 113 | 1.05 | 113 | 195 | 264 | 837
3.00 17t 474 | 489 | 512 | 517 | 502 | 563
Bk e 208.33 | 244.66 | 318.69 | 393.57 | 439.60 | 485.43
%58 EREVE T RA KT REHRF ke 2 LB
Hi>: o
& LY §E
ok m R ; ; ; - . .
5% | 10£ | 25% | 50% | 100 & | 200 &
Y L1 2217 | 1027 | 16.97 | 2071 | 2627 | 26.85
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25-9F EREn

S LESNE EENTE . X

Hix: o
£ L EE
AoRER (20 5% | 10& | 25 | 50% | 100 & | 200 &
0.25-0.50 56.32 | 76.31 | 102.96 | 124.77 | 135.09 | 126.98
0.50-1.00 81.72 | 90.75 | 105.01 | 126.92 | 129.10 | 131.94
1.00-1.50 3517 | 57.86 | 73.04 | 7334 | 7549 | 80.87
1.50-2.00 804 | 16.05 | 23.07 | 47.54 | 67.61 | 76.88
2.00-2.50 184 | 243 | 381 | 1075 | 7.96 | 38.32
2.50-3.00 161 | 110 | 133 | 133 | 148 | 599
3.00 17 ¢ 407 | 489 | 509 | 535 | 548 | 568
Bk e 188.77 | 249.40 | 314.32 | 390.02 | 422.22 | 466.66
2 5-10 F R 15 A F kTR SR RS 2 B
Hi>: o
. £ RY B
ARFER (20 5% | 10& | 25%& | 50& | 100 & | 200 &
0.25-0.50 63.18 | 75.67 | 103.96 | 127.08 | 132.61 | 124.49
0.50-1.00 82.79 | 93.03 | 98.66 | 132.76 | 140.03 | 148.76
1.00-1.50 5535 | 57.78 | 70.12 | 71.73 | 77.98 | 88.63
1.50-2.00 745 | 32.82 | 4477 | 59.06 | 69.07 | 77.75
2.00-2.50 212 | 243 | 1055 | 1585 | 24.65 | 51.89
2.50-3.00 113 | 110 | 123 | 187 | 274 | 686
3.00 11 48 | 489 | 520 | 532 | 556 | 566
Bk e 216.88 | 267.72 | 334.49 | 413.67 | 452.63 | 504.04
25-11 i REDE AT RA KT REHF ko ff2 28
Hi>: o
£ I EE
ok m R ; ; ; ; ; p
5% | 10& | 25% | 50& | 100# | 200 &
ok g AR AR A 2811 | 1833 | 20.17 | 2365 | 3041 | 37.38
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% 5-124R3 ~ FTHLE bR A RER R

Hix: o
FoRER (27) ,ﬂfi . ”
U 3 o 40 A
0.25-0.50 56.99 154.55 97.56
0.50-1.00 78.13 167.04 88.91
1.00-1.50 53.99 78.77 24.78
1.50-2.00 10.44 74.62 64.18
2.00-2.50 1.95 29.70 27.75
2.50-3.00 1.13 4.71 3.58
3.00 12 ¢ 4.74 5.50 0.77
# ke Af &2t 207.36 514.89 307.53
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Losses in US dollars (2002 values)

700

600

500

400

300

200

100

D |

1950-1959

Source: Munich Re

1960-1969 1970-1979 1980-1989 1990-1999

Bl1-1i63 50 & hp AT Emf2 2 A2 BE = L R% =)
(Bp 28 Bl ©2 3§ B e s BA3MEHR)

P

iR

B HHw

=k

# E PR R

£

sho fF AL (BB R

D A Iz

R ORIE

-+
=

i

!g&%%%*&ﬁﬂ%%%ﬂ

FoKIFER S FOkER S B KRR

B 1- 2 fieg i A2 R

55




Active modules:

Iv Rainfall-rumaft
¥ Channel fow

v Sewer flow

[~ Realtime control

[ Water Quality
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Simulation made:

Select a simulation mode from the list:

| Rur rainfall-runoff module, then channel flow and sewer flow module simultaneously with Uverland-floulj

Flowdiagrar of simulation mode
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Z-data (Model)
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