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Flooding/ waterlogging process response analysis and road flooding simulation in urban area of Jincheng City //SHU
Xinyi'?, XU Zongxue'?, YE Chenlei'”, LIAO Ruting'*, HUANG Yixuan'?, JIA Shuhui’ (1. College of Water Science,
Beijing Normal University, Beijing 100875, China; 2. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City
Technology , Beijing 100875, China; 3. China Academy of Urban Planning and Design, Beijing 100044, China)
Abstract; Taking Jincun District of Jincheng City as an example, the strom water management model ( SWMM ) and
integrated catchment modelling (ICM)-2D model were used to simulate the multi-scenario flooding process, and the
influences of rainfall pattern and underlying surface on flooding/waterlogging were analyzed. A double-layer SWMM was
constructed to simulate road flooding, and the submergence characteristics of Jincun Avenue and Jueshan Road were
simulated and compared with the ICM-2D model simulation results. The results showed that with the increase of rain peak
coefficient and rainfall return period, the total amount of surface flood, submerged range, and water depth increased, and
the risk level increased. The time interval between the rain peak and flood peak under the same rainfall return period
decreased with the increase of the rain peak coefficient. When 52. 53% of the underlying surface was converted into
impervious surface, the comprehensive runoff coefficient under the same rainfall return period increased by about 0.5, and
the Party School section of Jincun Avenue and Shuixi Village section of Jueshan Road were the main flooding/waterlogging
areas, with the submerged areas being 0. 5 hm® and 1. 31 hm®, respectively. The double-layer SWMM has good
applicability in identifying flood-prone points and deriving flood inundation factors.

Key words: flooding/waterlogging simulation; road flooding; SWMM; ICM-2D model; Jincheng City

2023 4£7 H
Jul. 2023

T A bR & 5 A A A 3[R R R TR Z0 52 )
TR KGR R, T B i B 7K A2 e A A R 3
D)1 O ) s o A S ) | N A A T E
g8, B U W KRS B KUY 2018 AR db At
“7 + 167 5 2021 AEFRM T - 207 1 EE BT AR
Ui K AT A S O B T —E AL S AT

EE£mME . BRE LA H (2017YFC1502701)

WK o BUNTRIRAE L 1T 2 51 258 NP e o
5 TR AL T B BRI B 2 T Rt —
A RN G BROKARPR | A% S S 1 O 00 53 R ik J3E o 4k 22
R, SRS H 25 A B R R 1R 2
FEEB S IR 2 BT TR I T
’ﬁz o TR Uk K A B AL Y ( storm water management

TEE RN A7 016 (1998—) , Lo A58 A, FE NI TAT K CFAF5T . E-mail ; shuxinyi@ mail. bnu. edu. cn
BIEEE ARTF%(1962—) 5 20437 4, FENFIRTATKSC#MFSE . E-mail ; 2xxu@ bnu. edu. cn

- 176 -



model , SWMM ) J& 1. FH 45~ 1 32 14 36k T W 74t A AR
AU T B AL BT SWMM AR, T L 36 X A HE K I
F R A AT LT SWMM 230 TR E TR
IR A TR 5 F B9 N BE S L, SR I SWMM {3 1] X 7K
SCE R — YA ot R A TR, iR AR B AR K A
HIHEBLIE O, I A E TR T — RIS, 7
SWMM LJRE Ay 2l EEAT T —E BRE MY R, %
GIS 5 SWMM 254 JFJ 1 5 T B ik 7 ik N
P, QAR SE SR T GIS M RN A 3 2
(IO %, HER IR B HE T 5 T 3 1 it e v 1%
B RFAE ; T 252450 3T GIS I SWMM A T
PEEFHE B TR B o B 1 36 i e A A L TR
LG A AN, AR DG 3 A T A K SOk
SRR AR JEAT T SRS AL P B AL, e
M 2OV LT SWMM 5 InfoWorks ICM ( integrated
catchment modelling ) BRI, T 1 X RUEE A 1k 57 4
1F; FIRALE $54 SWMM 5 TELEMAC-2D 5%
BT Mo B R T A3 X B IR

IKSCIK B 7R B R A 3 T 5 R PN B o v A5
P THEANTIZHIBHT SR, — 4R NS Ak
PRI AW K L2 i 2t Z ¥,
SEBRIGE B4 2 20 [ IR X T A R R A
T, AR R R LS RN E MR R .
TN FBAS R 7 B P 85 AR 5 A TE 25 5, AATTA A
BEOME X 28 5% 4k 2 e B 5 W 3 K1 SR 5 5 i IX.
3o, AL AT L P B TR A, 3 SR R T 45
B el T O0 4 Kl o L 1 2 B L PO
A, WK 5 T A7 B 1T T K, 3ak s PR 395 ) 5
SR T % ) A2 T 32 B T e, DT 3l — 2 A AR 2 4
BEik T R A 09K SOK Bl 1R AR B BR
S JC X T S A T A R i ik
—  HERAASRLE H AT, STE AR
Z R EGCIR 78 B T AR o DA A Ak

ARSC3E 1 SWMM F1 ICM-2D &L | A 5 T 5 2
T A AR B A T 1 AT P BB 43T, )
TGy B3 IX 5 Ve O ATt A T, 30 1o R MR IX B
FIHE BEHE AL | 4 2 002 SWMM B S A5 300 00k X 2 %
FEAR S R R O KRR . A4 i R 1 2
R B D AT A RS TCM 2D AR R R 45
AT L BRHIE

1 ARXERSHERIE

1.1 HREHER
T AL T L P A AR R (AR 48 1110557 ~
113°37", b4 35°11" ~36°04") , 4T A AL 9490 km? |

L PE A AR s DI e T, AR X (IR 1) Ao
F R AR, X P MY = ARG s R, 2R
RN 665 ~792m,, B X PHAHI AL T 24T
X HER, B A2 13 km® . EELEEA RIS S8
A RSB 5 2 I B — SR | S T I
KIS H 290 5% , FA) T8 -5 3 2% ~
3% ., HRHE 1985—2015 4 JJj 42 [ W 95 kL, 5 30T 4F
BIRE/K R 570. 9 mm,, [N FEAE PR R Z=00 6—
9 H K ER AR 56. 4% , 2003—2012 4E % I,
WA A 11 WRW, BHEA 152 K, EWRIE
FrhfE 6—8 H ., I REN ZIFE KRN KEL
R GEME Iy S AR AL, LA R RN 5 3 R T ) Bt A R 11

5 =y
S

\,' RS ) ( [ Z ek A ‘ ,,//
g1 ww| [ (gt
o rl - JA o */ )
o A il H e /7 /8
S HRUREL 1 &l TNNNRlr/
fﬂii{ﬁw@ ol SR

1 FREBR
Fig.1 Overview of study area

1.2 #EskiR

a. EMEHE ., SWMM 4 8t fir i (14 B filt 5 405 5%
BHLTE TR K A5 T8 K 45, AR SO a0 v o 3
TR BT B it

b, TR T S o R I
TUFT DEM 7582 P2, 2% S8 PRl B il i 1 4
T AN Z5 7K R A Ak SR T 380 A BT P 3 1 i A
PR o Sl A i st R 0k R T b
Bhof Bz KAw B AU BE L B 2020 4F 2 FK 30 m M
P TN A0 0 IS0 s ST AR i MR R s 4
T b BT RN B TGS BE . DEM i Rt £ 4

[ A F A D Sk T R ) 5 A A B B AL, A HE R
5 mME

c. EAHFERT, AR GB 50014—2006( 2 #MEK
WEHRILIEY (2016 4F M) , ¥ 3 T 2% 1 5 R 24 30 I =X
(1) >R FHZE sk 2L 43 54 SR AN ) 22 RN 5 B 191
THRERT 434N 760 5 8 B /NP AL 285 SR ) S i
ARSCHEAEEHI 1.5.10.50.100 a 155 T, B I

- 177 -



IR 2 h BT E , R 2R %5 r B 0. 308141¢)
2437.198(1 + 0. 846lgP)
7= (t+15.503>°-7"’9g (1
A g MEITTREWMRE , L/ (s - hm®) ;¢ HFE T
B, min; P BRI a,
2 WHRFIE
2.1 SWMM MZE5S#HE
SWMM 345 3 Fh F iz AU 7 A Scik
FHAT LA R 13 2R Bl R T A 18] 28 £k B9 Horton #5575
BEURER T2, 5 R X8 B s A
R 30 30 R 52 EL BT A R ) [T 25 B T R K
ST A T O S A, R 3l
ARV R R, A SWMM 5
B, 7E ArcGIS HXH 45 I B5CHE i4E 47 T4k 31 A A 487 1
S5 S R ENSE R A B A B 42 303 55 )
AT E BB LR 1, I AKX T 8000 %kt
A DXCHEZK 3 XA A AR 4 T K 43 A X HE K 43
X KRB R Z NI 17012840055, FEAR I 2 509
A7 A A AE PR HE K 4 X A A A T
IKIX, E— 3% i AT U A A Ak K A B 5E B A T
K X B A8 W B S A SWMM AR R 410 51 151
AFACIK X, 1153 A 19 i, 1170 AR RN K A
T UL 2, HERC A HEACE R I A TS
FHATE I
SWMM SH00] 3 1 5 M S BRI 2 S
B, B S B S T K X AR B AN
BKRA T TR S PR O A2 T S5
F62 7 R HE M E KA Horton ABSHL, W
BRI T 0 W5 , 8 1 S 500% 8 RE R
*1

IR X R 43

Py
—— TS
(2RSS

=0
= — <RI
= 7))

e /m
1832619;

3605 0) 1 2km

2 £&HKX SWMM #&

Fig.2 SWMM construction for Jincun District
FERAHUE , ARIEHERAE EE ) N RSk
IK AR S A X K434 D-1 ~ D-10 3 10 Al 57
AIHEK 23 DX AR O TR BRI ST 0 19 % T
SIHT, e X S5 AU B AR AR R REE S R %
JEHt T AR S A X R A S8, RAELE
BRI RS S R AR AT SRR E . LA
3R, SEFEE AR 2, D-1.D2 5 D-
3 HEZK 3 XA HEZK H B A T A B A ) 2 B i3
IKIEFREAZS 7E Horton AB S EH sl T —
SE 255

F5 X T H0L R0 X8, 7 X0 ) i ) 7 3
RIHATZHERER, th TS PTRHEC = AR SOk
FEEG R IR BOE R E A R ) £ B SR 4%
DT BT S PR AR i R (3K 3) HEATIRAIE, 4% KT
I F 0 X D-1,D-2 #l D-3 BEER/NT 0.4,
5N R EIR2ZE /N T 3% o S5 T L U
BAERE, BN R BRI R EE 0.10 ~0.35 Z
[, 49 5 3 T K T 0 v A T] 3T Ak 1Y 2 M
K3 45 T AR HESK T (8T 2) B4 e T AR I o e

EERME

Table 1 Pipeline properties

PR HKET S

BT PR o7 B KE/m HHRE R AL 2N BH/m e o ez
i i
5139.1 b BT — T 49.97 1.5 G54 0.6 5139 5140 0.0263
5153.3 ’ B B AN 79.96 1.5 52 1.0 5153 13351 0.0260
5046. 1 - " 24.99 1.5 [BJE 0.8 5047 5046 0.0108
5056. 1 R RO 48.99 1.5 5B 1.35 5057 5056 0.0061
5786. 1 o ehbkiE— 50.00 1.5 G54 1.0 5786 5787 0.0251
5832.1 Ll FE 1L e 49.98 1.5 52 0.8 5832 5833 0.0151
2 BSHETELER
Table 2 Parameter calibration results
5k 2T R FEME KR E /mm Horton ABS%
RBKKX  BKX i BEAKX ABEKX mKFBR/(mm/h) F/NFBE/(mm/h)  ZEER TREREV
WHSE 0.05 0.5 0.040 6 15.6 142.4 89.6 23.2 7
D-1 0.05 0.5 0.013 2 8 142.4 20.6 28.2 7
D-2 0.05 0.5 0.013 2 8 142.4 14.8 28.2 7
D-3 0.05 0.5 0.013 2 8 142.4 29.6 23.2 7
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Table 3 Runoff coefficients for underlying surface of three

discharge zones under different rainfall return periods
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Fig.3 Rainfall and runoff hydrographs of drainage outlets
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Fig.6 Submerged regions and water depth distributions under different rainfall return periods and rain peak coefficients
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Fig. 10 Runoff coefficient of each partition under different rainfall return periods before and after urbanization
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