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Analysis on causes of flooding/ waterlogging disasters in typical megacities of China under changing environment//
XU Zongxue'*, CHEN Hao'?, REN Meifang®*( 1. College of Water Sciences, Beijing Normal University, Beijing 100875,
China; 2. Betjing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology, Betjing 100875, China;
3. China Academy of Urban Planning & Design, Beijing 100044, China)

Abstract; Compared with other cities, the population density, GDP density and urbanization level of megacities are higher,
and the life and property losses caused by urban flooding/waterlogging disasters are more serious. A scientific, systematic
and comprehensive analysis of the causes of flooding/waterlogging disasters in megacities under the changing environment is
critical for improving the urban flooding/waterlogging mitigation and disaster reduction system and reducing the losses
caused by urban flooding/waterlogging disasters. Taking three typical megacities, including Beijing, Jinan and Shenzhen as
examples, the characteristics of flooding/waterlogging disasters in these megacities were expounded, and the impacts of
natural factors and anthropogenic factors on urban flooding/waterlogging were analyzed. The natural factors includes climate
conditions, geographical conditions and precipitation changes, while the anthropogenic factors include runoff generation and
concentration changes, stormwater regulation and storage capacity changes, drainage patterns and urban planning. The
countermeasures for flooding/waterlogging disasters in megacities were proposed from three aspects, including deepening
theoretical research, constructing forecasting platform and promoting the coordination of engineering and non-engineering
measures, which can provide a scientific basis for the prevention and control of flooding/waterlogging disasters in megacities
of China under changing environment.
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Fig. 1 Changes of annual maximum 1-day and 1-hour precipitation in Beijing from 1961 to 2018
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Fig.2 Changes of annual maximum 1-day and 1-hour precipitation in Jinan from 1961 to 2018

50 L I
1960 1970 1980 1990 2000 2010 2020
AFEpry
(a) AFF K1 dffK

175

170

165

160 .

155 . .

1961—1994F 1971—20004F 1981—20104F 1991—20184F

s
(e) RRSBES T AFRRL difk i

2020

£
E
i)
¥
¥
=
R0
UI% 20 L Il L 1 1
& 1960 1970 1980 1990 2000 2010
AFpry
(b)) AFHR 1 K
£ 55
E
2 5
¥
= 45
R0
UI% 40 1 I I
& 1961—1994F 1971—20004F 1981—20104F 1991—20184F

S
(d) AR TERKL hBK

B3 1961—2018 ERIITHERK 1dBEKEFERK 1h EXKET

Fig.3 Changes of annual maximum 1-day and 1-hour precipitation in Shenzhen from 1961 to 2018

- 36 -



TR YE Z2 1 i, A5 4 I T 2% T 5 9 1 &
ARG K RF G
2.2 AAEZE
2.2.1 FILASHTR
T AR P PR R R el A DX AN 3 K T AR
PELREE A A A8 A 7 i e i 2
VRS () 4 8, DT S Bt e 3t 1 1 A DG LA (1] 2
T 2 A0 3k T 2 9 A 3 GRS T 3 b W] 3K
GG AT, AN E KRR b S5 1R i R AR 2 s G
F Bl AN KRR 5K | 5 R 0 B XA I R AR
SO > 3 T G T K S A A A
Ak, DLl B AR AR LA sk ), o B IR
FEMEARAE . St g R s Oz sTE 20 42 80 4F
.90 A 21 224 A 3 B, A7 K T AR
Feor 9 N 77% . 88% . 86% , V- 34 4% Ui F KU B K
0.48.0.56.0.49, 2y RE AR 5 N AN &K
T AR AR fE A — 2, 20 22 80 4FAR N 90 4
PRALIT T IR A bR & Je | 758 U 3R BB AN 375 7K T AR
o B AR BG4 S 21 T 2e R 9 XA A
AT S g b TR AR MG T, AS3Z8 7K TR 7 L AT TR,
RMARBUNEZI0/N . R T #E— 2D H I ek
Ak, DA Ab 5 g X A7 R HE K D ] 3T
SWMM HHI 435I % 2010 4F 2015 45 4 Fh A 5] 9% 1
AR 1.5.20,50 F11 100 4F—3iB B K E 5= F B
WP AR T E E AT (R 1), R 1]
W, , Bt TR 7K i B A I, TR e 3 T
AR R B B3GR s Hod 1 AR — 1T R
SRR AR T 0.13,5 4EH1 20 4E— @ 3
RERNZ5F AR TR BN T 0. 1,50 451 100 4F—
TR A5 T R R B AR I, R W Ik
b Jre BN AN K AR 7 LRI vt 48 i SR 50 52
M it ¥ 7K LI 1 B4 R T8 A0 0855, bt 1 ) A%
£1 FRABKENHTHMAREHHREESLREWL
Table 1 Changes of runoff generation and confluence

under different urbanization levels and precipitation

return periods

Fokims  fRm o HbERE, gl

A/ a > . N
sy - (mm/d) B34 (m*/s) 1] /h

| 2010 47.7 0.15 41.79 10

2015 47.7 0.28 74.88 7

2010 150. 4 0.23 177. 82 [§

: 2015 150. 4 0.33 260. 80 5
20 2010 260.3 0.36 536. 86 4
2015 260.3 0. 46 654. 48 3

2010 335.9 0.51 1029.07 3

20 2015 335.9 0.53 1197.78 3
100 2010 395.0 0.54 1222.38 3
2015 395.0 0.58 1483.11 3

e S0 R BAHRL, AR R 2 T, 3k
T AL AR B8 v B 00 (2015 4F) 1Y b e 7 1 1A 24 v
TR B AR A& I (2010 4F) . 7E 1 4F—18
BRI AT, 2015 4F [y g BRI ] b 2010 44
HI T 3, {H Bl R K S B0 B8, PRk 7
FERRRE T W A ] SR 230, DA 50 45— B e T HRA K
TR, VB [N FAR Ak, 302 R T om B R 25 T It
S PN K I A A PR B AV T 3 T DX R B AR
F S HOC G ]I (52 m ) B R T R I T
R P I AR T B R T A & R e AR A AR 5 b T
K-,
2.2.2 @\EAFTRATA

T A S R4 T T W R A A, B T
DERELRE AL S R RSN OF) @ b R RS IR CI B = 1A
RPN E WL 2, SRR R L K
RGBT R AERT , R FHK S8 s 5130 JeriE A
IR A DX I B /K it T 1 A MK, BRI Tt i
Ui, G (B R B[R] 157 B3 O (0ot /s AR 5
Bt HE 2 HE K 2 58 sl 7 2 Uit oo A A
VIR 3 3 R 7K 8 5 1t T LA 255 2% ik 3 i HE
KRG R DT, VAN HE K it 68 1 AS & A T AR i
TR BIRE . SR, Bl 2 3 i DRk & i 3kt v JA
(R 7K I f 3 NI AT R ) R S e DX el o B
SR, S B0 T KRR T R U 8 ) KR TR
— LI 8 R e HE K it i HE B T MR s R K, 24
WK IC: S HE M, TCAb A7 I PN s AU 4%
TR, BEAk, T A & R R v, KA B A
T S KM R G ) b TR A e DRy g K 2 L F 5
S AN A b T, 5 B AR R A R K 25 R 77 Tt
RO, P I, e T 3R HE K 1 ) £
TS ) 2 el o i, A6 A0 A v 7 3k i b o, S 385G ™
L1 AT K S ) YA TE B 2D BRI T T Y T
HEBETT
2.2.3  HAKK BB AR E

YT Ak K R A T R AR R HE K 2R HE K A%
Ja IR T HEZK AR 2R 3 T HE KA R 3k HEK
B — PR T 1 26487 1 - (SR 2l ) T3l 7Y 0 Rk
B, BT EHRKON Y 8 T R E HEK Z 6]
I MECEA AL ] R /K 2B AL AR K TS
Pt B (A A HEK AR R A E RS HEZK A%
JRIZEEL, BN T IR T HEZK 3R e i I 55 v RO T it
JAUBS: LR, R A T s HEK A s bR
T 38 O ARG, L 3w DR R SR s R E M L R
MR A A R R BU T HE A IR R TR
TR, R 2014 AR I CE MR BT
Ty B R ME i v 3R [ W K S S B AR o,



WA B PSR 2 | S 8O T HEZK AN |, SE i
USRS A 8, B W e R A — B
T T KR A AR HE G R KA
Bl I 4 23 (R K R stk — 20 08N 1K )
B As ], AT T 38T 5 9 XU
2.2.4 WRFAKR FikL5EE

ST R | S A B ) R TR [ AT B
(IR S P 28, FEIR T BRI 7 T, 8 A7 AE 1Y) ()
ALFEIR TR A b3k T fb & e 20 AR, T B AR R
Sl X 5 0 T LR AN A el R v i i HE
IR R B bR 2 Tl = AT B 3 R o AR A
BT R GE 5 552 RO JE DL ik 2 N5 B AR AN
FAAL Y25 (A1 ey 55 FA0 &5, eIk T g i T, miT
AN EAMFER SH S, Z 0 TR 2SR
LR R, 5 B0 T A8 T ik T 43 T
HEK G FEACTT R W T 3k 2 B AR . e Ah,
ST AR B A HE I HE KA 1 2 R A T R
gt , W5 K TE R — 81 Tk, SRR TR AE
TR R JS A T 40 e il I K 38038, R RR )
I KT ATy 2 HE S 10 I3 B T R I Ao [ 4
FEIE IR ZE | X AN/ T HE KB V8 B K BT, 38
T HEKBE Ay, S EHEKEE SN, 2 m T
ST 2 T P XU, A T T AL O i
BLAEALE N o BRI WL AS 4 | i 3 Y9000 T 4% T
LRI HUE(E BAEE A N2 TR RATE
e N SPRBERE )R R RS B AL R IS S )
REAVR 1 3k T A 1 A 0 1 T SRR 0, 3 T I
IRESE AN

3 BREUER KU T M X SR

5 T SRR R It 5 I 1 R Ak AR )
B AR SCNBEE ST | BUE PRV & TR S A TR
$EEE BIP) =0 T i Y R I T e R A 05 0 Y T
M

a. SEH AN BIS T T, 7P E7 MR AR AL
77 THT , AR SUGAE A RI A A R i ) 1 3 ik
B B UG AN E | i 2t — 2 S AR IR B T
Sl Tt PR R RE R AL BE ST, 2R GE R ik
4 225 DR 2K T SR B PR 0 i 7 7 e e
SEMARILR 4 7 3 T ik 0 2 T i 1) 30 AR R A B 4%
WA , B A e 2 P R Tl e A T 3o i i it
BT o R UL T, 5 Bt — 20 i [
KA S AR AR 7 B WAL BT, I K0
FHF A2 2% T SRR A PR 3T Ml e Ml 23 ] = 4k 3
VRN 20 AL R PR ASE R it g A6 80 1 T AR MRS 2
TS PEA J7 T, 75 R AT AR IR R 25 K

- 38 -

H Az R LS R R B, 38 8 A K 5K
F YR AN B EAERZ 0 R T s KU
HEAT BN LR A VRAG T S 48 T By kB 57 ik
AN ST OIS S PR P e 2 2

b, JF % 7 L 57 U B R S8, TERE K TR
FRHBACHE W 00 T, 75 A R 23 - O i S AR £ L
TR 25 P 2R 418 s e /I AU TR 400G FEE AR 2%, 552
PP R A B A7 L B9 Sh A W, D
BRI U U R G4 RO ST R
RATF R T7 10, £3 6 25 SEANTR] T ST ) TT R i R
23 () B KAt =2 18] B 42 A Kk I A% i e R A 0
Sl AR TR ST AR Y T A ] YRR R 5 ]
T8 B K Bl A Bt K I AR P 3T 2
s ) = 4 S AR AR A3 T Bt AR ; [ I 45 S
2R Plavss ) SN TR BEROR , SEBUR Rk it
W I 11 1o 25 N R U TR Y AR B R AT
T, AR K SC TG e B S LR AR T
Z R B R R A AT BUE R 5 B
THICTT By Bt BRT RE 1 | W AR 3 i 4t 0 3 4 2 2 it
PR,

c. ST AR SAR TAERS M0 A) . Skl 7 P 4
B TR it 2 RS ST 4 B A RS A i
FifiE . PBEE BT LU B 5 HEK R Ge a5 )
TE BT R 5 D E A 5 PR L DO M B K B G
HEK R G A T IR 7 3 B | Bl e 2
12O S W = ) 0 SR R R (TRl I R VVA ST
PRIy BRI T BE AR ZR v, bR e — ST ek RS
L5 bR ISR LRI R A A
B RGBT B R R R i TR SR TR
FENE I R] , G 5% e i R R P R G, R
“CRITRLRTE AR A TS 5T Aty
B, AR T Bt BRyT RE 77 | Rk ks K
FRRR A E EYNF,

4 & &

Sl Tty P A R BRI R R ET
SIS SRR T T 7K 2R GRS B8 — ol i i 1
JeZ R ARG NSCRFE A EAZAESR . AL
AU BRI 3 JA2 SRS AT S 4], 2T g s 3
BRGERHAR AT 1 Bl Rp R T 1 28 R 7 0 3
fik o RFECRGETE I g6 AR BRI S5 07 1%, A
SRASESINISISE SO NI E N L2 A N
ST BEE7 9CHE A AR EERIL b 52 i DL 5E 35 Rl
BT L AR L B R RGN
DASERE TR S AR TRERR It Uir R) AT, 5 5% it dek- Ik
IR LRG3 S & VA o B VAP SO E N o U 3



W TS5 AR B, Dy 48 T By it
BREFBE ST BRI T B8 ICHE PR PR IR SO

SE W

[ 1] tRoesy, v, /KO S5 i 2 3l 1 2 B
fitlh: ST K SCEDFFEHEREL T ] K54, 2019,50( 1)
53-61. ( XU Zongxue, CHENG Tao. Basic theory for
urban water management and sponge city ; review on urban
hydrology[ J]. Journal of Hydraulic Engineering, 2019,
2019,50(1) :53-61. (in Chinese) )

[ 2] skidtz, FHS, BUAE, S5, rb R o vt o7 1) 2B g
AT [I]. KB HEJE, 2016, 27 (4) : 485-491.
(ZHANG Jianyun, WANG Yintang, HE Ruimin, et al.
Discussion on the urban flood and waterlogging and cause
analysis in China[ J]. Advances in Water Science, 2016,
27(4) :485-491. (in Chinese) )

(3] wBEan, B, e, & it ss & H )7 Hr
HIXRITrkLrR [ ], KBEBEAR, 2020, 36(6) : 1-6.
(HUANG Guoru, LUO Haiwan, LU Xinxiang, et al.
Study on risk analysis and zoning method of urban flood
disaster[ J]. Water Resources Protection, 2020,36(6) :
1-6. (in Chinese) )

[ 4 ] KREIBICH H, VAN LOON A F, SCHROTER K, et al.
The challenge of unprecedented floods and droughts in risk
management[ J . Nature, 2022, 608(7921) :80-86.

[ 5] Riehh, ke, G484, 55 SRR S
IKSCARR T FE B[ 1], K A4, 2013, 44(7) .
779-790. ( SONG Xiaomeng, ZHANG Jianyun, ZHAN
Chesheng, et al. Review for impacts of climate change
and human activities on water cycle [ J ]. Journal of
Hydraulic Engineering, 2013, 44 (7). 779-790. (in
Chinese) )

[ 6] 2, REmeby , o, 45, i A s 5t R ik gy ko
BRE MY AL [ J]. KR FE2,2019,34(2) :57-
62. (LI Chaochao, CHENG Xiaotao, SHEN Ruozhu, et
al. New characteristics and formation mechanism of flood
and waterlogging disasters in the context of rapid
urbanization [ J ]. Journal of Catastrophology, 2019, 34
(2):57-62. (in Chinese) )

[ 77 #USOE, B, EIRAL. AR ZE G 5N B3R iy o7
We REARFAE 23 A7 [0 ). K BEIRAR 9, 2023, 39 (3) : 101-
108. ( LAT Chengguang, LIAO Yaoxing, WANG Zhaoli.
Analysis of urban waterlogging response characteristics
under different rainstorm rainfall scenarios [ J]. Water
Resources Protection, 2023, 39 ( 3). 101-108. ( in
Chinese) )

[ 8] thasay, BRlt, (MDY, 5. hEBTTSE S BRI S
ARG PEA BF T JEE [ 0], K Bh24 3 B, 2020, 31 (5)
713-724. (XU Zongxue, CHEN Hao, REN Meifang, et

al. Progress on disaster mechanism and risk assessment of

urban flood/waterlogging disasters in China[ J]. Advances
in Water Science,2020,31(5) :713-724. (in Chinese) )

[ 9] Beosd, AR5, MRS, 38 W 4 i it 20 A XURS:
ST T]. KBRS, 2021,37(2): 10-14. (XU
Zongxue, REN Meifang, CHEN Hao. Analysis on urban
flooding risk caused by flood tide combination in coastal
cities[ J |. Water Resources Protection, 2021,37(2):
10-14. (in Chinese) )

[10] KGR, BPRRSE, Fokih, 5. Sk 2 i ks & %
JRIA B HEBF e HEIRE (1], K BEIRLRY, 2024,40(1)
6-15. (ZHANG Jinliang, LUO Qiushi, WANG Bingjie, et
al. Research progress on causes and countermeasures for
extreme rainstorm-induced urban flood disasters [ J ].
Water Resources Protection, 2024,40 (1): 6-15. (in
Chinese) )

[11] FRmERY, X2, 2R, S BRI ks KUK i
ARRFAE S IR RIS T SRME [T]. KA 24k, 2022, 53
(7): 757-768. ( CHENG Xiaotao, LIU Changjun, LI
Changzhi, et al. Evolution characteristics of flood risk
under changing environment and strategy of urban
resilience improvement [ J ]. Journal of Hydraulic
Engineering, 2022, 53(7) . 757-768. (in Chinese) )

[12] XK, M, XUEH, &5, FroRT St i ok 3 ik
R B A SR 2 BOR MG ) ). KAt g, 2023, 34
(2):172-181. (LIU Jiahong, MEI Chao, LIU Hongwei,
et al. Key scientific and technological issues of joint
prevention and control of river flood and urban
waterlogging disaster chain in megacities[ J]. Advances in
Water Science,2023,34(2) :172-181. (in Chinese) )

[13] /248, fhassy, 20k, 6. BT 28 BEMEIRL Bk
MBI R HE SR IEAE[J]. KBHIRLR Y, 2024,40
(4):36-47. (LU Xingchao, XU Zongxue, LI Yongkun,
et al. Assessment on dynamic risk of urban flooding and
waterlogging disaster based on multi-agent models [ J ].
Water Resources Protection, 2024,40 (4): 36-47. (in
Chinese) )

[14] ReAh, s, DM, 5. a3t sy 5 ng
BT [T]. K BE2:HE R, 2019,30 (2): 153-165.
(SONG Xiaomeng, ZHANG Jianyun, HE Ruimin, et al.
Urban flood and waterlogging and causes analysis in
Beijing[ J]. Advances in Water Science, 2019,30(2) .
153-165. (in Chinese) )

[15] 5k, LI, Wi, S5, JURtHbIX SOU T (L st X
M PRSI . LL<7. 217 WA B[ )], M2k,
2020,75( 1) :113-125. (ZHANG Jie, SHI Peijun, YANG
Jing, et al. The impact of the urbanization process on
rainfall in Beijing; a case study of 7. 21 rainstorm[ ] ].
Acta Geographica Sinica, 2020, 75 (1) 113-125. (in
Chinese) )

[16] stz , GPRRRE, LI, 45, A7 - 207 B FT b oy

.39 .



[17

[18

[19

[20]

[21

[22

[23

JUASKSCIRE 33 [ 1], M 3R 24, 2023,78(7)
1618-1626. (ZHANG Jianyun, SHU Zhangkang, WANG
Hongjie, et al. A discussion on several hydrological issues
of “7.20” rainstorm and flood in Zhengzhou[J]. Acta

Geographica Sinica, 2023, 78 (7): 1618-1626. ( in
Chinese) )

1 B, kR, XIERFE, S5, RO 2R K F WrhE
el S R X T T[], o E TRERRE, 2023, 25
(1):20-29. (JIN Wenbo, YANG Jixing, LIU Shaofei, et
al. Chain breaking simulation and countermeasures of
rainstorm disasters in megacities[ J ]. Strategic Study of
CAE, 2023,25(1); 20-29. (in Chinese) )

]ORWERR, TR, i, S5, b E ot g () )
RORESHRER )], KBR2EIERE, 2024,35(3) :357-
373. (SONG Xiaomeng, XU Nantao, ZHANG Jianyun, et
al. Urban flooding in China: current status, causes and
challenges [ J ]. Advances in Water Science, 2024, 35
(3) :357-373. (in Chinese) )

] WANG Y, LI C, LIU M, et al. Spatial characteristics

and driving factors of urban flooding in Chinese megacities

[J]. Journal of Hydrology, 2022,613.128464.

WANG J, YIS, LIM Y, et al. Effects of sea level rise,

land subsidence, bathymetric change and typhoon tracks

on storm flooding in the coastal areas of Shanghai[J].

Science of the Total Environment, 2018,621.228-234.

] R, 2. WA K SCRON BIF ST L LB 5 i
SRR (D). KRR, 2022,38 (1) 7-17.
( XU Zongxue, LI Peng. Progress on hydrological

response to urbanization; mechanisms, methods and
solutions[ J ]. Water Resources Protection, 2022,38(1) .
7-17. (in Chinese) )

] BARST T EAR WM. ST R N B LRI  REIE HLBE
Bl 57 (1], s AL 3 Ji% 2021, 40 (6) : 1048-
1059. (HUANG Huabing, WANG Xianwei, LIU Lin. A
review on urban pluvial floods: characteristics,

mechanisms, data, and research methods[ J]. Progress in

Geography,2021,40(6) ; 1048-1059. (in Chinese) )
BERNDTSSON R, BECKER P, PERSSON A, et al.

—

Drivers of changing urban flood risk: a framework for
action[ J]. Journal of Environmental Management, 2019,

240, 47-56.

[24] 4BFHE, BUAFAT, Bt 45, UL TR TRTHK

[25

AR PP (], KBTI DR, 2024,
40(6) : 85-94. (ZOU Jiaxiang, DUAN Cuncun , CHEN
Bin, et al. Assessment of waterlogging resilience in
Beijing based on quantification of economic losses under
climate change[J]. Water Resources Protection, 2024,

40(6) ; 85-94. (in Chinese) )
] ERUE, RO, EEAR, AF. DR R T R DT

. 40 -

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

KB #r (1], KAEEETERLS=, 2024,42(1); 22-26.
(WANG Jingjing, XU Zongxue, LI Fulin, et al. Urban
flooding/waterlogging risk analysis in the downtown area of
Jinan City [ J]. Water Resources and Power, 2024, 42
(1): 22-26. (in Chinese) )

TR, BT, BRI, S5 B TR AL AS TR R 3R
TARGARNE VAL [ 1]. KBFE#E R, 2024,35(1) ;
38-47. (XU Zongxue, TANG Qingzhu, CHEN Hao, et al.
Assessment on the vulnerability of urban hazard bearing
body based on refined spatial patterns[J]. Advances in
Water Science, 2024,35(1) : 38-47. (in Chinese) )
ALLAN R P. Climate change: human influence on rainfall
[J]. Nature, 2011,470(7334) ; 344-345.

BUINEF AR SR RIS RIINRT AL S A el O 748 57 DXL S
SEHTLI]. KBRS, 2023,39( 1) : 101-108. (HUANG
Yixuan, XU Zongxue, CHEN Hao, et al. Analysis on
flood/ waterlogging risk at inland side of the Shenzhen
River Basin [ J ]. Water Resources Protection, 2023, 39
(1) :101-108. (in Chinese) )

o, e, BB, 5. ASAREREE R I R R
GEEMIA M. AE5t: P EZRAKH 1R, 2023.
TR, fRate, PETE, S ORTRITIT AR AR X A i HE
AKIKFHEH R AT [T]. o EARR KRR, 2019
(3):76-82. (ZHANG Rong, XU Zongxue, PANG Bo, et
al. The impact of different urbanization levels on rainfall-
runoff processes at Yangwazha Drainage Area[ J]. China
Rural Water and Hydropower, 2019 (3). 76-82. (in
Chinese) )

WS ARV, Tk S T B N 07 O I 5 AT S
CER[T]. KB PR P, 2023,39 (1) :93-100. ( YAO
Rui, YANG Quntao, ZHANG Shuliang. Review on
vulnerability of urban rainstorm waterlogging disaster[ J ].
Water Resources Protection, 2023, 39 (1) :93-100. (in
Chinese) )

ALIH 250 DL, A% ST 5% I A0 A 5 M 5 R T
LI R AR BB BE R, 2024, 44 (3) £ 13-20. (J1
Kongyang, LI Xueming, GAO Jian, et al. Assessment of
urban vulnerability to heavy rain and flood disasters[ J].
Advances in Science and Technology of Water Resources,
2024,44(3) :13-20. (in Chinese) )

SkATER LA B AR 1], 2. KB “2021. 7. 20 2% 1
P A BT N B R [ ], BT 5
2021,31(9) :5-11. (ZHANG Shuhan, ZHENG Fandong,
DI Suchuang, et al. Thoughts on urban waterlogging
control in Beijing from the rainstorm and flood of “2021.
7. 207 in Zhengzhou [ J]. China Flood & Drought
Management ,2021,31(9) :5-11. (in Chinese) )

(F#% 51 0)



[44]

[45]

[46]

[47]

[48]

2016,84:378-394.

W, RO, EIRAL, %F. JET WCA2D 5 SWMM
IR (Y 3ok T % T W DR AL [T, KR R
2020, 31 (1 ): 29-38. ( ZENG Zhaoyang, LAI
Chengguang, WANG Zhaoli, et al. Rapid simulation of
urban rainstorm flood based on WCA2D and SWMM
model[ J]. Advances in Water Science,2020,31(1) :29-
38. (in Chinese) )

KEIFER C J, CHU H H. Synthetic storm pattern for
drainage design[ J]. Journal of the Hydraulics Division,
1957,83(4) :1332-1-1332-25.

RO, B AL, EIRAL. AR R 5T AT By
WA SAFAEMTL) ] K BEIEAR T, 2023,39(3) : 101-108.
(LAT Chengguang,L.TAO Yaoxing, WANG Zhaoli. Analysis
of urban waterlogging response characteristics under
different rainstorm rainfall scenarios[ J]. Water Resources
Protection,2023,39(3) :101-108. (in Chinese) )

FAERE IR PR ELZR, A O I BRI T R
HERARBAURI ST J]. K1 K L A4k, 2023,42(2) - 87-
96. (DU Jiakai, XU Menghua, CHEN Yuhong, et al.
Urban stormwater process simulation research in no pipe
network data areas [ J ]. Journal of Hydroelectric
Engineering,2023,42(2) :87-96. (in Chinese) )

TR HROE, TIRAL, % LID Bos %y 3 o5 5 i
PSP (1], K BEIAR 7, 2021, 37 (5) : 131-
139. (LEI Xiangdong,LAI Chengguang, WANG Zhaoli, et

al. Influence of LID adaptation on urban flooding and non-

[49]

[50]

[51]

[52]

point source pollution[ J]. Water Resources Protection,
2021,37(5) :131-139. (in Chinese) )

BN, B, R SCAN, A )T AR B I D Al i gt
B3I F NG S KB ()], KB, 2019,
30(5) :643-652. (HUANG Guoru, LUO Haiwan, CHEN
Wenjie, et al. Scenario simulation and risk assessment of
urban flood in Donghaochong basin, Guangzhou [ J ].
Advances in Water Science,2019,30(5) :643-652. (in
Chinese) )

AR PRSI A7HE, 55 55T MIKE FLOOD #E! f1J
TR BT A AR T[] KR K B 4 B g, 2022, 42
(1):33-39. (FU Chun, FU Yaozong, XIAO Cunyan, et
al. Analysis of urban waterlogging resilience based on
MIKE FLOOD Model in Yingtan City[ J]. Advances in
Science and Technology of Water Resources, 2022, 42
(1) :33-39. (iin Chinese) )

XU Yu, XU Youpeng, WANG Qiang, et al.

diversion and coordination of flood water for an urban flood

Spatial

control project in Suzhou, China[ J]. Water Science and
Engineering, 2024,17(2) . 108-117.
AR T RS, A CR 5 AR R K G 22 A
WBTRYBCR BT[] KBTI AR, 2021,37(6) - 20-
26. (LI Xiongfei, TIAN Tian, CHENG Xiangju, et al.
Effects of rainwater tank in integrated pipe gallery on
alleviating urban waterlogging [ J ]. Water Resources
Protection,2021,37(6) :20-26. (in Chinese) )

(UScka H 12024 -05 - 14 Sl R )

(EBF 40 W)

[34]

[35]

[36]

TR PG Tt AT . T 2 R 5 O AR 5 X
WL I AG T 5 0 8 [ 0], K R K A ) 352 0E g 2025, 45
(1):1-9. (XU Zongxue, LU Xingchao, SHI Qimiao.
Research urban disaster

progress  on flooding

characteristics and risk assessment [ J ]. Advances in
Science and Technology of Water Resources, 2025, 45
(1) :1-9. (in Chinese) )

B EZE, TE N, A5 BT (WA B I e e T it
IRIRBSEPFEAL [ 9], 7K FK H B2 HE Ji2 2024, 44 (6) : 6-
12. (GAO Yugin, WANG Hui, LIU Yue, et al. Flood
disaster risk assessment in Nanjing City based on spatial
information grids [ J ]. Advances in Science and
Technology of Water Resources,2024,44(6) :6-12. (in
Chinese) )

MPRT AR TR, 46, JE T SWMM Al InfoWorks
ICM B3l T Tt B S 04 [0 ] K B AR, 2023,
39(2) :87-94. (YE Chenlei, XU Zongxue, LEI Xiaohui, et
al. Flood simulation and risk analysis on urban block
scale based on SWMM and InfoWorks ICM [ J ]. Water
2023, 39 (2): 87-94. (in

Resources Protection,

Chinese) )

[37]

[38]

[39]

[40]

YUAN Xu, ZHANG Xiaochun, WANG Xiugui, et al.
Flood disaster monitoring based on Sentinel-1 data; a case
study of Sihu Basin and Huaibei Plain, China[J]. Water
Science and Engineering, 2021,14(2) .87-96.
2 —, X 5% H T TELEMAC-2D #80 f) PR I ik 55
B IPAl [ ], 7K BE U8 A4, 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) )
s B, 2Rl TENHE, A Al KT R R B
BT 9¢ 5 FRAE T 40 B B W X AR [T ], KSR,
2024, 55 (11). 1298-1308. ( YUAN Ximin, LAN
Zhuoging, WANG Lina, et al. Reanalysis of the
characteristics of extreme rainstorm and flood disaster in
urban areas and coping countermeasures [ J]. Journal of
Hydraulic Engineering, 2024, 55 ( 11) . 1298-1308. ( in
Chinese) )
CHEN Juan, ZHANG Lu, LI Guozhi, et al. Perspectives
on risk analysis and control for real-time operation of flood
control systems [ J ]. Water Science and Engineering,
2024, 17(4): 319-322.

(iR H 912025 -03 -27 Sl . T aE)

- 51 -



