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Numerical Simulation of Urban Ponding in Beijing
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Abstract: Based on the complex terrain and large city characteristics, the geographic information of Beijing
was cut into 6458 grids and corresponding channels. Focused on the urban hydrodynamic and hydrographic
process, the Beijing Urban Waterlogging (BUW) numerical model was built to simulate the ponding
depth. Driven by high-resolution precipitation observation, BUW can simulate the spatial distribution of
the 21 July 2012 urban ponding in Beijing well, and the variation and max depth under concave bridges are
close to actual condition too. In the scene of 2-yr Return Period (2-RP), there are some isolated ponding
points inside the 4-Ring Road. The depth and range of ponding increase in 10-RP and 50-RP. Under 100-
RP, there is servere pondings within the whole 5-Ring Road with most exceeding 50 ¢cm in the south. Fa-
cing the rainfall at the 21 July 2012 level, urban drainage will not be improved obviously with 20% of pipe
diameter (20% +PD) broadening. The ponding gets relieved distinctly between the Roads of 4-Ring and 5-
Ring and slightly inside the 4-Ring in 60 % -+ PD experiment. When the pipe diameter is broadened continu-
ously, there is only shallow ponding between the 2-Ring and the 4-Ring in 100% +PD experiment and no
ponding insides the 6-Ring in 140% +PD experiment.
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w o JbETTT R T R R A (b R K — 2 B AR Ak R OB B e o Al A B R B ek i BRUK WA A Ad o i i B AN A R B I H
(2013D002034000003) 3 [7] %% Bf
2014 4E 9 4 1 HilchR s 2015 4F 2 10 HUUE &R
AR T AR A WO B R T % 07 1t (9 F 5% Email: yinzhe@163. com
A A S8 SCR) A N A 5 5 BF5E TAE. Email : guowenli44@163. com



A

1112

% ERNEC

15

FE AR AR B L M s RAF AR R R
RIIREF T (FESZE%,2010) . 7 Z % &M i
Rk CEAETN 45,2012 #2545, 2012; #0445, 2012)
| K 3R T PR B A TR A 0 T T L A R i A Y
R 7 Pl 1 s AN 1 R 2l |5 I 70 el Sl 0 R e
(Shi et al,2009) , JUHE MM F 44 T M55
0 b A 1 DR 0 R G I TR Y R T P XL
B o 40,2004 4 7 10 H Jb om0 rboe 3k X K 57
TRFRUK, £ T 388 2 4 h Wy, 2012 4E%7 - 217
FER B SR IE S A X— B T b 5% 14 B v 3
Wy 2Z B L 4T I RRUK 426 Kb, H 3k X R
KA 63 Ak A BB 39945 ZRik . T N EF K H K
Az 1) 32 B SR R A - A K B H e K HE K
PO A ARG 3 T 2 8] 57 AR K 0 9 R A i 54 A 7K
W2 (s - T ITAE L 201, BT = H BT Ak
K R T b SR 8 T L AR A I R N AT BT R AR . B UL
i 240 Ak 1) B 5 A 7K T 5 PR 7 DR 0 st By g
XoF ST P 9 9 ) BT BOR S A 1T, RE S R R T
LA I AT R 1) P AR

R 30T PN 87 BB L) 2 ZE 058 7 ik A -
TR I35 K S ARG 2 5 1 BB R 40 i L 4
25,200452005) , K U R F A S5 5 W G2t 7 i
(T RERESE,2002) , N IR 25 & 40 T i: (Liu et al,
2002) R ML AT F LG 0Tk VRIS
2013; Jo RAR 4 ,2013) , 3 F AVHRR H1 MODIS &
1B 43 B7 77 : (Huang et al,2008) , [l % 3% 7 (9 &
JEE T I K HEK 2R 48 B 28 R ROk 2R 5 4 % 4 T
78 1 2 2K TR HE 7K R G 1 7K S K R 2 R R
A B, PR A T P AR (AR Y A
i 240 Ak ) B 7K TR 5 2 I T P B DR, T 2 R AT
o

25 [ 7E 3k T R K AR A AR TR R T HE K R B 1 8K
E AR T & IO 35 4t e AR
Il T R T R K A B R (SWMIMD |, X 8 T HE K £
A AR 9 RS 0L 5T 95 ) BB (HE Ik 5L 20085 Lewis,
20100, FRE A 20 22 80 4F AR I Ui ¥ B (AL 0Ly
BT IR NP OE I, AR AP A L (H K SR R
1998 AF LI . R E B2 055 T 5 v B 7K R K i
BEAWFTE B A AE - WF 6 T R L T 30 X P 55 1 AR 7
(fi# LA 55, 2004;2005) . 2000 4F LA S5 1% B L 7E 7

SOOI VG A A LA IR T AR BT . T
398 T A b FRURRAIE IR TR R L HE K R B S5 T 22 AR
R Bl P (A Y L o S R A T S 1 R A
(Quan et al,2010),

A6 5 R 1M1 2 7 A R R A A R 2 Y
1717 3 7 ol by 2 [0 ) ) A8 1 2 3T 1 395 e R 1Y
JRUBS: o AR R T Ik DX PN 5 O FOARETY fg BEly |L E
SUARFE TR M2 ST 58 B RN BB Ak T ORCH B 5, 2011)
F18 1t LA SR L R T P T A e i ek
PR R AL . [m] I R RS 4 0 B K T A 9
&AL 5 T P P A R AR 45 AN () B R S 481 AN [
14 3 T RHE KIS 50T b b iy 3T e BF BRUOK 2R AT
THERL

1 BORH SRR 2

L1 #R

(D dEEN P 49 A5 B B 84 0k 1 B
K LI ERHE 5 (2) F DX BRI B W 00 4 Wy =X
A F58 AR M 00 S R AT IR, 0 58 R 45 5 (3) R TR
FEIW 6 h FEKF A (D Rt {56, 2012); (4) 1 ¢
10000 fy i HE £ 5 1 )2 32 A0 355 A LT3l L HE K
TR EAURE A

L2 JtmEH ARG HEER

b SR T N B BU{E AR T8 (Beijing Urban Water-
logging numerical model, BUW) , f8 #i£ dt. 5t & 4% #hi
T RN R T e s DA BB B R G0 O S A% 2R
()45 5 8 23 2 6458 /> 9 A% K AH N i 5 3 (1)
BERIARFE AL 5 T A5 Sy B9 A 200 A4 B3 7K 00 00 70 950 4%
FEl 28 368 T 1t 9 VT V) R L KA I A T 2 K S
K Bl Iy 2y P A B RUK TR EE AR O
1.2.1 WEAEKLERERRE

A7 BRIT 12 AT FH ok K figp 5 v B AT 490 12006 4 i 7
5307 B TEH FROK SO AR 2 18Iz BN Gk
7K.1986) , BUW 5271 1 i A PR A Bk i R AR, AR
P b T | b R L % RN K R A A B R R
WF5E DX R 53 J s 1 A T &5 46 AN 00 18 A% 54> 1
& AR 7K SRRV R 38— RS2 Y . BB LU T 3t 2
B SR VAT TE K 0B Bl O E RN 5. b 3ROK S0 A
) 32 A% 42 4] 5 e DA S T 4 R R G R O R R L
55 .20040) HEHAE,



%9 M FH BB A - JE BT IR T N 7 AR K B BUE R 1113
— ek W,
.

WA
O i

1 BUW A f 9 4 53 A FIAE DL
(€ =311B7 WA 8| S-S e D)
Fig. 1 Simulation grids and range of BUW model

(overlaid boundaries and roads)

TR E A TR AT
oH oM , oN _

1
ot ox oy b
LT
oM | o(uM) | (M) Y/
o H 2=
ot + ox + oy e aer
2 2 2
gy Tv _ (2)
H,
R
ON | o(uN) | a(uN) 7
oy rH ==
o T oxr oy EHUT
2 2 2
U NVu TU W —9 (3)

K H K Z KL s q D IEIEI0, 5 2 42 0
W M AN 350 o F oy Jim BB TER R, H M
=Hu, N=Huv; u fl v 53 5| R AE 2.y J5nl |
M) 318 sn KGR s g N ) INEE
1.2.2 WTFAILEREARRE

HEACHE P R BEE B2 IRV R S T A
A FR 3T R K SR e 3R A AR R Y
SO, R RN O R b Hl TR K A A I N R S Y
FHEBERFGILA2H 04 LB O mmr].
Sl B A S A HE BT b R R K — M TR
FUK — 8 AL K48 38 HE /K — ] 380K 1 240 3ok
P ph MR A Y BT A 1 HE K BE T AR A T
5 ARKCR JBE DA B I A 1) S5 R HE 7K B8 T R A < 2 B
T iR R AR IR B /N T W A 1 d5c HE 7K BE g 1) B
TR AR 2 HEHEA T 48 R 5 24 Fe K HE /K 5 B /N T
FRK TR B2 11 5 7K 58 32 I 8 1 350 43 D 2 A oy s 3R A%

DY TS BT R R DR A O 1 R AT
(D 283 WA H L+ (2) 225 A J&] 30038 18 1 P S
A P A AR I (P 2) o R4 A 3T HE 7K A8 A
R HESE 25 P& B HE A 9 2 280 A 75 38 5 18 L 7
3 PO B B AL R L R S LA A
HE 7K I ey A TR S e A AR AN [ L A AR IR
U Sl R T 30 3l e 2 A T e 20 2 P A [R] —
T P9 ISR 3 Bl MR T AL Bl Y S R TR (i LA 42 45
2005),

— AR D
ﬁﬁﬂ%:%jw%ﬂ%]:o (3)
BRI g 2§+%+U%—2] ——gAS, ()
— Y H R
55 0 R %—?+U%—i’+§%—l{ -0 ®
R, g%l+%t]+U%—[l] —— gAS, (6)

Ay WIS AR K T H OO B 30 P A9 0 1 4 K
Sva JK T BE L L A AR DT B BT I Y O K T
FRLU iy W Tl i) B8 O . S Ok JEE LB

2 K MR B
U 2 I B S22 g T A 3l 3

Fig. 2 Generalization of drain network

(Double line denotes pipe and single line

denotes grid boundary)
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