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Impact of different rainstorm patterns on urban waterlogging process of the Qinghe River Basin in Beijing//Shi

*, Lu Xingchao'”*, Yu Lei’, Huang Yixuan'?, Ye Chenlei*( 1. College of Water Science, Beijing

Qimiao'*, Xu Zongxue'"
Normal University; 2. Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology; 3. Beijing Water
Science and Technology Institute; 4. School of National Safety and Emergency Management, Beijing Normal University )
Abstract: To reveal the dynamic variation law of urban flood inundation under different rainstorm patterns, an SWMM and
LISFLOOD-FP coupled model was developed for the Qinghe River Basin of Beijing. The waterlogging characteristics of
different rainfall return periods were analyzed when the rainfall peak coefficients were 0. 2 ( rainstorm pattern 1), 0. 4
(rainstorm pattern Il ), 0.6 (rainstorm pattern IIT) , and 0. 8 (rainstorm pattern IV) , respectively. The results show that
the simulated flow and inundation processes of three measured rainfall events are largely consistent with the actual
observations, verifying the reliability of the model. Under the standard rainstorm pattern (rainstorm pattern Il ), compared
to the rainfall return period of 5 a, the total overflow volume increases by more than twice for a rainfall return period of
100 a, the maximum overflow duration extends by 48.02%, and the proportion of inundated area expands from 12. 73% to
25.11%, with a particularly pronounced rise in deeper inundated zones. Under different rainstorm patterns, the total
overflow volume corresponding to a longer rainfall return period shows a trend of increasing first and then decreasing as the
rainfall peak coefficient increases, and the total overflow volume under rainstorm pattern Il is the largest. The increase in
total overflow volume is generally higher than the increase in overflow nodes. There is a positive correlation between the
inundated area and the peak rainfall coefficient. The time to reach the maximum inundation depth shows a spatial
characteristic of “late in the river channel and early on both sides”. The coupled model effectively integrates the advantages
of the two types of models, and reveals the response mechanism of flooding characteristics to rainstorm patterns.

Key words: urban waterlogging; rainstorm pattern; overflow; hydrological and hydrodynamic coupled model; the Qinghe
River Basin of Beijing
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Simulation results of coupled model
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Fig. 6 Spatial variation of overflow nodes for standard rainstorm pattern under different rainfall return periods
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Fig. 8 Overflow results for different rainfall return periods and rainstorm patterns
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(a) MR 1 (b) FRT

AEETORG
d WS

1.5
3.0

3

() AL (d) TN

10 100a ERMERHARFFRE TABRKERRENESH

Fig. 10 Time distribution of reaching maximum inundation depth for different rainstorm patterns

under rainfall return period of 100 a

- 166 -



FHE B EE IS IE] Fy>3. 0 h B X I 5 e K, <1.5h
B DX 3k He e/, Bl TR A R B K I B R K
P EE IR R < 1.5 h B9 X 4832 5 46 s, B 18] Ry
>1.5~3.0h F1>3. 0h I sz BT

4 %&£ it

a. T S0 BE N AR T R SWMM 5
LISFLOOD-FP Fi& AR AE 5 5k, 40l 25 1 55 52
WHEYI G . HRERIRIBSE R R | SR X I BUK
FRIE B3, 2877 0 VY B K BRACULE S5 LM ELAR AT,
AZARR A B JE T 52

b. Fifi 5 55 R E A O B o R T R A
i KUK R T 5 B R K R A T A
BB MR EIII 5a BKE 100a B, %R
SRR 2 £% , BRI IE K 48. 02% , Tt i
TSI 7. 7% , e R B E RGN RN 12.92%,
WREALS Fo ik 12, 73% TR 25, 11%, 555 X3
TR VAT I AT FN T SR TR A b AN [F]K
TR DR [ 18 1A 15 T RRURTI Y- 35 7K R 357 B o4 e o 00 44
TG K, HeHr e R IR DX T R I 5k 35

c. o FR TR E U AN [ 2 T R ) Vi I B
I I U 2R 500 T 2 B0 1S 2P 1 i i %) A8 Ak R T 75
I i 3 o e R, I L 494 1 B o3 9 o 300 30 44 R0
W2z o ) — A W IO, AN ) 5 TR T AR ) 6
1 ER B 0 R S R T e W A T R B =
TERIBSIV N W B AR R AN [R) 2 R 2 Gk 3 e
RS T TR g s 1 A S B Yol 3 e ) i 2
34, SWMM 5 LISFLOOD-FP 445 8 3 5 25 5%
PES TSR3 e S T R XL R A 55 K 4 AR
PABEE T HEAl

SE

[ 1] e NRIEFEKFEE. o EK PR EGEAMRIM].
Je5C i EDK A K L D Rk, 2023.

[ 2] XT#E, e, IME. Bk =Mt e i B K B G
PPAR BB fit LIRS [ ] KR 25,2024 ,42(4) 123+
29. ( Liu Dingrong, Yang Kai, Sun Shi. Comprehensive
assessment and obstacle factor recognition of waterlogging
disaster resilience in  Pearl River Delta urban
agglomeration [ J ]. Journal of Economics of Water
Resources ,2024,42(4) :23-29. (in Chinese) )

[ 3 ] Zhang Wei, Villarini G, Vecchi G A, et al. Urbanization
exacerbated the rainfall and flooding caused by hurricane
harvey in Houston [ J ]. Nature, 2018, 563 ( 7731) ; 384-
388.

[ 4 ] Panos C L, Wolfand J] M, Hogue T S. Assessing resilience
of a dual drainage urban system to redevelopment and
climate[ J]. Journal of Hydrology,2021,596:126101.

[ 5] 2l MR MR 55 T 2R B IR R G i
i 2 P B A S A5 A [0 ] K BE IR R 37,2025, 41
(2):95-105. ( Li Mengze, Chu Junying, Zhou Zuhao, et
al. Dynamic assessment of urban extreme rainstorm
waterlogging risk based on multi-agent system[ J]. Water
Resources Protection, 2025, 41 ( 2 ). 95-105. ( in
Chinese) )

[ 6] Y8, thasef, 2ok 5. 2T SWMM 5 LISFLOOD-
FP S-S AL T 8 D B RIS [ ] K B AR
#7,2024,40(3) :98-105. ( Lu Xingchao, Xu Zongxue, Li
Yongkun, et al. Research on urban block waterlogging
simulation based on coupling model of SWMM and
LISFLOOD-FP|[ J]. Water Resources Protection, 2024 ,40
(3):98-105. (in Chinese) )

[ 7] 2825, &Rk, B IE, 5. 2T MIKE FLOOD HiA 5
A3 AL T ] K BEIR R 57 ,2021,37(2) : 81-88.
(Luan Zhenyu, Jin Qiu, Zhao Siyuan, et al. Simulation of
urban waterlogging based on MIKE FLOOD coupling
model[ J ]. Water Resources Protection,2021,37(2) :81-
88. (in Chinese) )

[ 8 ] Bisht D S, Chatterjee C,Kalakoti S, et al. Modeling urban
floods and drainage using SWMM and MIKE URBAN: a
case study|[ J ]. Natural Hazards,2016,84(2) :749-776.

[ 9] 208, thos%, BHI, 45 JE T SWMM 5 LISFLOOD-FP
AR F 8 T B W PN B AL DA R T ) . R kL
PS5 K IR (P IESC) ,2021,19(6) : 1083-1092. ( Li
Peng,Xu Zongxue, Zhao Gang, et al. Simulation of urban
rainstorm waterlogging processes based on SWMM and
LISFLOOD-FP models; case study in Jinan City [ J].
South-to-North  Water Transfers and Water Science &
Technology,2021,19(6) :1083-1092. (in Chinese) )

[10] Nandi S,Reddy M J. An integrated approach to streamflow
estimation and flood inundation mapping using VIC,
RAPID and LISFLOOD-FP [ J]. Journal of Hydrology,
2022,610;127842.

[11] Dazzi S, Shustikova I, Domeneghetti A, et al. Comparison
of two modelling strategies for 2D large-scale flood
simulations [ J]. Environmental Modelling & Software,
2021,146.105225.

[12] Ayat H,Evans J P, Sherwood S C, et al. Intensification of
subhourly heavy rainfall[ J ]. Science, 2022, 378 (6620) :
655-659.

[13] W, ZE0H0F , & 2ohi 55, 63 F 2 T I AU 119 R FE
TTNFEF ST [ J]. AR5 41, 2022, 38 (6)
89-97. ( Chen Jing, Li Mingcai, Cao Jingfu, et al. Urban
waterlogging simulation in Tianjin based on designed
rainstorm patterns [ J ]. Journal of Meteorology and
Environment,2022,38(6) :89-97. (in Chinese) )

[14] 229460, 0 2205, 55, 56T MIKE FLOOD #3845 i
Wi B R AL [ T ], B KL 5K R R (s
) ,2025,23(5) :1143-1152. (Li Shaoming, Jin Hui, Li

Peng, et al. Urban rainstorm inundation simulation based

- 167 -



[15

[16

[17

[18

[19

[20

[21

[22

on MIKE FLOOD coupling model [ J]. South-to-North
Water Transfers and Water Science & Technology, 2025,
23(5) :1143-1152. (in Chinese) )
] Chen Wenjie, Huang Guoru, Zhang Han, et al. Urban
inundation response to rainstorm patterns with a coupled
hydrodynamic model: a case study in Haidian Island,
China[ J]. Journal of Hydrology,2018,564:1022-1035.
PR IR, R VPR, A5 BRI R 2SSk T HE 2K A 0
FUb Vi i RS R [T ] KB BEAR B, 2025, 41
(4) :60-70. (Gao Changsong, Xiao Yang, Xu Dong, et al.

Combined impact of rainstorm patterns on urban drainage

—

network and surface flooding process[ J]. Water Resources

Protection,2025,41(4) :60-70. (in Chinese) )
] EH BRI, B, A BT R R A B A I
R BRI /0L ] R 2B ( T2,
2024-08-30. https://link. cnki. net/urlid/42. 1675. T.
20240830. 0937. 002. ( Li Xinyue, Hou Jingming, Wang
Zelin, et al. Numerical simulation of the influence of
design rainstorm pattern on urban flood in narrow valley
[ J/OL]. Engineering Journal of Wuhan University , 2024-
08-30. https://link. net/urlid/42. 1675. T.
20240830. 0937. 002. (in Chinese) )
TR BRI AT A AU BREE T i el St AR Ry A i it
YrICE RN 3T [ 1], K BEIRAR,2025,41(5) :33-40.
(Xu Zongxue, Chen Hao,Ren Meifang. Analysis on causes

cnki.

[

of flooding/waterlogging disasters in typical megacities of
China under changing environment [ J ]. Water Resources
Protection,2025,41(5) :33-40. (in Chinese) )

TRaEa KOO 5 JRE B2 ] JE Rt R 24
(ASRBL ¥ ) , 2010, 46 (3) : 278-289. ( Xu Zongxue.

Hydrological models ; past, present and future[ J ]. Journal

[

of Beijing Normal University ( Natural Science) ,2010,46
(3):278-289. (in Chinese) )

] EOEF TR KRS, 45 ST i 2 K R 45
PR BRI [ T]. I R 2254 ( A RB =R
2025,53(6) :49-56. ( Wang Xinshu, Jiang Simin, Zheng
Maohui, et al. Simulation evaluation of drainage system
optimization schemes in urban high-density areas [ J].
Journal of Hohai University ( Natural Sciences) ,2025,53
(6) :49-56. (in Chinese) )

] B Gt R TR 4R 3T SWMM Al InfoWorks
ICM BB LT T HEAK DX TR N B AL [ ) ] K B AR
¥,2023,39(3) :109-117. ( Liao Ruting, Xu Zongxue, Ye
Chenlei, et al. Simulation of rainstorm waterlogging in
Dahongmen Drainage based on SWMM
InfoWorks ICM models[ J ]. Water Resources Protection
2023,39(3) :109-117. (in Chinese) )

] Neal J C,Bates P D,Fewtrell T J,et al. Distributed whole

city water level measurements from the Carlisle 2005

Area and

urban flood event and comparison with hydraulic model
simulations[ J ]. Journal of Hydrology,2009,368(1/2/3/
4) .42-55.

- 168 -

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B, TIRAL, RJER, 4F. ZTF SWMM A1 LISFLOOD
FRRL ) BT N BT T [ 1] 7K 1 & i 2# 41, 2017, 36
(5) :68-71. ( Zeng Zhaoyang, Wang Zhaoli, Wu Xushu, et
al. Rainstorm waterlogging simulations based on SWMM
and LISFLOOD models [ J ]. Journal of Hydroelectric
Engineering,2017,36(5) :68-77. (in Chinese) )
e[ — X 522, T TELEMAC-2D A5 580 i) i 1| it 5%
XU IEAG [ ] 7K BE AR 91, 2022, 38 (5) : 58-64. (Li
Guoyi, Liu Jiahong. Flood risk assessment of Shenzhen
City based on TELEMAC-2D model[ J]. Water Resources
Protection,2022,38(5) :58-64. (in Chinese) )
TR B S BT RUK RRIE A 2 R I 55 Pk
BT P 3 XU PEAG [ 7], o 44 /K HE K, 2019, 35
(5): 125-130. ( Wang Chengkun, Huang Jiping, Zeng
Sheng, et al. Urban flooding risk assessment based on
coupling of waterlogging characteristics and exposed
vulnerability [ J ]. China Water & Wastewater, 2019, 35
(5) :125-130. (in Chinese) )
FEIET B R A TIN5 R R A 5
PERELT]. HBEERLIE R, 2020,39(7) :1224-1235. ( Yan
Zhengxiao, Xia Jun, Song Jinxi, et al. Research progress on
design hyetographs in small and medium-scale basins[ J].
Progress in Geography, 2020, 39 (7). 1224-1235. (in
Chinese) )
R KRR, FEL A AR 5T AT T
2T iR B R MRS ARARAE [ ) ] SRRk 4k , 2020,
43(5) :802-809. ( Yuan Feng,Zhang Junzhi, Wang Ji, et
al. Variation characteristics of intensity and pattern of
short duration rainstorm in Beijing under the background
of climate change [ J ]. Transactions of Atmospheric
Sciences,2020,43(5) :802-809. (in Chinese) )
JRTREL  FEARAR AR 0, 55 o 2 W %4 38T P
Bt e SR B[ 1], ARKIT,2025,56(5) : 14-
22. (Zhou Tianhong, Tang Zuohuai, Chu Junying, et al.
Progress and prospects of urban waterlogging simulation
under extreme rainstorm conditions [ J ]. Yangtze River,
2025,56(5) :14-22. (in Chinese) )
KA, E 5, PNEOR A T 2 EORE RE R RO A s
TR S R R S PR IE ST [0 ] K BEIR PR3, 2025,41(2)
123-132. ( Zhang Wei, Wang Xuan, Sun Huichao, et al.
Research on extreme precipitation events in Beijing based
on multi-resolution rainfall data [ J]. Water Resources
Protection ,2025,41(2) :123-132. (in Chinese) )
T HRIENE, Tk Ak A Y EL | SRR K S T TR RS
L3R K HAE K SO R b T S R [0 Tl R
S RFRERR) 2025, 53 (5) : 19, (Feng Jun,
Shao Pingping, Zhang Jiru, et al. Research review of
physics-guided data-driven methods and their application
and prospects in hydrological model development [ J ].
Journal of Hohai University ( Natural Sciences) ,2025,53
(5) :1-9. (in Chinese) )

(Mschi B 12025 - 1009 St itk



