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Fig. 1 Conceptualization of urban hydrologic unit based on grate inlet
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Fig.2 Conceptualization of storage unit, two-dimensional cell unit, grate inlet and pipe coupling
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Fig.3 Basic information of experimental site
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Fig.4 Basic information of urban flood inundation model
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Table 1 Characteristics of validation and calibration rainfall events

(G ¢ W 42/ mm R T 3 16/ min W B 4]/ min W IR Lo 47 WE(HARE/ (min + h~")
20200711 RIE 74.2 320 210 0.66 58.8
20200720 HE 16.1 250 230 0.92 12.0
20200915 B 5.2 145 50 0.34 3.6
20200705 Lioans 34.6 155 95 0.61 72.0
20200706 B 22.3 245 30 0.12 31.2

4 SR HTE I AR

4.1 EEFMBIELER

W DX N 2 Ab AAS TSP 2 AR BOIRZS AT I PN B K A 2 B 25 T K 2 AR AR T R A6 78 4k, Al
WA vl 25 SRR TT SR SR T B Be K, B0 T8 K A7 2 308 9 iR AR Ak, TR 5 1 A48 A T 11 A 9 3
ESI AU R, B, TEBCARERNT, 453 AT F1Ab A KA i 2 22 BTl 38 7K A7 A8 Ak R i) 2 80—
FERRIRIE S s MBERET, A5 AT A B KA RN B AR b A7 T 38 7K A3 AR Ak 5 B T RIS 52, 20200706
K5 20200711 37K [ I A 44 1145 18 AT 11 W i Ak B S5 SR an &l 5 B .

22 — 0 0
110 110
2.0t ~ 0.20 ~
- [{ 20E - [ 120 =
_18r — AT THEKAL {30 £ T 0157 — RS AT TR R J30 £
216 o REHEATTSEMIKAL 140 B’\E 1&/0_10 O JEHEAT ISR R 140 @’
14 : s
A ToNf00C"PPP000005 e 760 ;(E_‘_
12f c {70

b g oS
5:00 5:30 6:00 6:30 7:00 7:30 8:008:30 9:009:30 10:001030 11:00 5:00 5:30 6:00 6:30 7:00 7:30 8:008:30 9:009:30 10:0010:30 11:00

i) () 202007063%7X I 1)
3.0 0 0.30 0
2.8t 110 410
= fon =
£22 wm[Eif 40 g < - [V 140 g
L0t ey s ks 1505 S015F _ peparr b i 150 &
218 R TR IK AL -60:%'( 8 Bt AT R o %
h Lot © BRHEAT I SEMAKLL 1702 #20.10r o BEHEATISCIRT R lo 2
sl 0¥ . 180 &
i:;_ s o0 0.05 B o
1.0 L s s L L s L L s 4100 Y f 1 s L L L L L d100
3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 7:00 7:30 8:00 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 7:00 7:30 8:00

1) (b) 20200711857k thf 1)

5 20200706 Fl 20200711 375 ke RIS DI
Fig.5 Simulation results of rainfall events for 20200706 and 20200711
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Table 2 Summary of water levels validation and calibration results

Exs Epp/ % Epy/ min
R — — — — — —
21N AT LR AT AU AT

20200711 HIE 0.98 0.98 -1.51 -1.47 0 0
20200720 HiE 0.94 0.91 -0.60 0.96 0 0
20200915 HIE 0.88 0.85 2.06 1.42 10 0
20200705 IE 0.96 0.96 1.14 0.90 0 10
20200706 Liogl B 0.89 0.85 1.29 0.06 0 0

®3 BHZNEEHELREREMBIELR

Table 3 Flow rate validation and calibration results of Shengshimingmen pipe section

R F A IR ﬁiféﬁﬁ;ﬁ/ ;({miﬂ;%ﬁﬁ;ﬁ/ Egp/ % Epy/ min Epg/ % Exs
20200711 B 0.134 0.140 -4.29 -10 27.12 0.69
20200720 RIE 0.119 0.116 2.59 -10 -15.75 0.67
20200915 RIE 0.047 0.070 -32.86 -10 ~12.64 0.72
20200705 Lans 0.108 0.103 4.85 -10 15.14 0.52
20200706 BHIE 0.073 0.074 -1.35 40 12.11 0.50
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Fig. 6 Comparison of simulated water depth in 20200705 and 20200711 events
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b, BEHRAK LK SR U AT

4 FARABEKRENENS HERNEEERBE

Table 4 Summary of simulation results for efficient and two-dimensional methods

T/ hm? BEH R A W EE/hm >
m 20200705 20200711 20200705 20200711 20200705 20200711

RS -t (L Yk Rk Yk [SF Yk [SF Yk [ fant

Rk Ak Rk Rk Rk Ak Ak Rk Rk Rk Ak Rk

[0, 0.15) 153.66  158.38  147.02  152.53 454 1855 588 1814 2.95 11.71 4.00 11.89
[0.15, 0.30) 4.11 0.97 7.55 5.89 270 206 418 754 65.67 212,72 55.37  128.02
[0.30, 0.50) 1.33 0.16 3.46 0.75 107 33 217 140  80.33  208.33  62.72  186.07
[0.50, 0.60) 0.17 0.05 0.53 0.12 26 9 72 28 157.00  178.57 136.99  228.76
[0.60, 0.80) 0.17 0 0.77 0.14 25 1 52 26 144.68  277.78  67.50  180.56
[0.80, 1.00) 0.08 0 0.15 0.07 9 0 15 15 119.05 - 96.90  219.30
[1.00, 1.20) 0.01 0 0.04 0.03 3 1 9 4 277.78  277.78 227.27  158.73
[1.20, 1.50) 0.03 0 0.03 0.01 5 0 4 3 198.41 - 158.73  208.33
[1.50, 2.00] 0.01 0 0.02 0.01 3 0 2 3 277.78 - 1111 277.78

5 Dk S PR T B A N TR S AL, AR P S AR R R A S R WA, AR RN
H6m x 6m, BFFEXIRANEILMIEEH A 44 323 4>, HLUIK CPU 24 Core i5-6300HQ, W7~ 8 GB 2 133 MHz,
5 GEATAT L 5 SRR v (9 AR T AR T R B ID AT LR A A DU [ 77 B F A R S0 B —
AETTE PIr  E A IN TB) 2 B R Y 780 ~ 1 275 A%, R A T I AR, T AR R 1 TR ROR
i, “HEE A RE R AT 2. 17 ~2. 83 4%, RIS AERT /AT R T 1, R re s pL A
PRI — 155 B0 ARME K i i tH T P S AL A 45 2R R R R SRR I R T N T 1, U
T R BE A S BB I A BT P DR AR
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R5 BIOEHRUMBEST

Table 5 Summary of simulation timeliness results for every event

" BN /min THERER /AL e S RER H g
(RN AP T Bt/ min e
ST L R o BT (AR BSTE)
20200705 180.0 510.0 0.40 2.83 2.22 x107 1275.0
20200706 360.0 780.0 1.00 2.17 2.78 x 1073 780.0
20200711 360.0 830.0 0.72 2.31 2.00 x1073 1152.8
20200720 300.0 710.0 0.63 2.37 2.10 x107? 1127.0
20200915 210.0 528.0 0.47 2.51 2.24 x1073 1123.4
5 4 i

FET [ R0 B I R R Rl T K SCREAE BT, ARSI T SO Se3 7305 P y
X, SR T 3T PN R SO R R T PN 7 AR SR e 5 7SI e R xR A R E
Bk, X P ARSI S SR AT T AT, EEAREAT

(1) 2 FOREEEARA S R R S PG OB &, HA R R B ] Sk, al B T3
Tl X A A AL

(2) HEPH WO R B T2 B i . @R RHRR AR, iy Py X el 22 BRBE B A R e
PRy AR B BT A 2k — B0, BeAh, ST D 2 A AR SRR AL, BT BUKI TR SIPE AR, X
AL DA TR 6 TIE 1 3R T PN 205 e AR R PPl T K SR BT B REAR AT & S B L

(3) a3 f 3l Ty P v SR R K g AR B I AR EA T XS U, 7R ORI A RO T Y
UL, ST PAY 193 e 00 TR ) s 200 P G o 5 T 3 i PR 7 — O Bl F AT, Rl P T R T X el i P
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Efficient simulation of urban flood inundation based on Taihu Lake basin model

WANG Chuanhai'*, ZHENG Shiwei'”, LI Xiaoning'*,CHEN Kai’, ZHAI Yue’, HUA Chen®,
WANG Shan*, CHEN Gang'~
(1. State Key Laboratory of Hydrology- Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098 , China;
2. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 3. Nanjing Huishui

Software Technology Co. , Lid, Nanjing 210036, China; 4. Changzhou Branch of Jiangsu Hydrology and
Water Resources Survey Bureaw, Changzhou 213022, China)

Abstract; The effective simulation of urban flood inundation is crucial for mitigating the effects of flooding and devi-
sing disaster prevention and mitigation measures. In this study, an efficient simulation method based on grate- inlet
linking overland and pipe flow was proposed for the whole process of urban rainfall- runoff- flood inundation. On the
basis of monitoring data from the Shuangqiaobang urban runoff and flood inundation experimental site, urban flood in-
undation models based on an efficient simulation algorithm and a two- dimensional hydrodynamic algorithm were cali-
brated and validated. The accuracy and reliability of the two methods were analyzed and compared in different rainfall
events. The results show that the efficient simulation method based on the grate-inlet urban hydrological feature unit in
the Taihu Lake basin model could reflect the specific characteristics of urban flooding more accurately. The computa-
tional efficiency is approximately 780—1 275 times than that of the two-dimensional hydrodynamic algorithm. Overall,

it can simulate urban flooding with the same settings much more quickly.

Key words: urban flood inundation; Taihu Lake basin model; urban hydrological feature unit; efficient simulation

experimental monitoring
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