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Research progresses and key coping approaches on rain floods and water pollution in high-density cities//Chen
Wenlong', Zhao Tongtiegang®, Li Yiping’, Yuan Jiwang', Zhang Peng'*, Wu Huiming"*, Jia Wenhao' ( 1. Pearl River
Water Resources Research Institute, Pearl River Water Resources Commission; 2. Center of Water Resources and Environment ,
Sun Yat-Sen University; 3. College of Environment, Hohai University; 4. Guangzhou PRHRI Engineering Survey and Design
Co. , Ltd. )

Abstract: Firstly, based on analysis of the main characteristics of urban rain floods and water pollution in high-density
cities. On this basis, the current practical difficulties faced by disaster management are deeply analyzed. Systematically
reviewing and clarifying the current research status and shortcomings about the urban flooding and water pollution were
reviewed and clarified systematically. Thus further proposing effective approaches to cope with disasters. The results show
that to deal with the short emergency response window period and tight physical space for urban floods, and difficulty
improving efficiency for water pollution, it is necessary to establish the concept of collaborative management for urban floods
and water pollution, key research and development rapid forecasting and wise scheduling for urban floods, and
simultaneously research the restoration and function enhancement for river ecosystem.
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e 22 .



F
=
B
Ay
m
e
=)
=
B
8
=
&=

(

1575 R E 2 7 i S J

o

I T kR R R TR

b merersw ] 1 ([ memmemn ¥
Lo b AR AR Lo uRMMMMTERI 0 mEmALLHSRES
e BABmsE e ; ¥

. I i
i swmwbrsarn ) B wemsowoess ) B wrsseen
B2 S EETSE N RERARE R

Fig.2 Key technology for emergency response to rain floods in high-density cities

S 25, ) PR X R 23 AT A 2 i, B X

AR A= AR Wy A 7 A P T, T I S mh A

LA, T AR A T A5 X0 7K A= 25 2R ST B R i

NEEA PRI, 75 22 T ) 249 0 A5 oA Ao B AR AS i

DA PSR BUT e A S80h 55 48 52 i T i 7K
ARG — T KPR,

Sl T TR 7K A 2 AR G SRR T A KR A A
TR IRA DR W R 2 R R AL IR i e Bt
AT 5 IR A B B R A I, iR AU R
KEBRGEERI AN, Ml # LM A &
TR, MK SCE AR S A B i R AL A A= 5 7

ASARSE TS T, 87 K AR A RGBT , I I SEE e
RS G IR K SO 3 b 3 5 s &

HIREE AR A B R G AR RN A,
IR ) R i PR S 2R ) AL 0 5 B BT B | 1B
A LB A A 8 B S R] FE 2EME Y B BedE H AR

(1&3). [, tﬁﬁﬂmiu%éﬁﬁﬁ'ﬂl“E LA

S PERAE A E @m%ﬁ?%ﬂ?ﬁﬁ@%ﬂ?é%
&*T%ﬁfimﬂﬂ%,%ﬁﬁsﬂﬁfﬁo ST
P4 T T K AR S R SR AR FE T

4E

=A

a. WL BT O AR R R R B R A
YR e R G KSR AR, 87 ¢ 28 917 ¥ T I 7 22 1y
il 1SR T 0 P b e B X R A PR B 5 /K5 A%WJ%%
B AR TS AN 58 4 KA R RS U8 P9 RS YL iR 2R
VS A@NOLE BaArniiﬂﬁfxﬁzerﬂ xﬁzﬁaﬁgﬂxﬁ
FRTRIBE , Sal T Tk 95 7 248 BRI K A 25K R 2 1 e B
ﬁ%ﬁ%ﬁﬁm&@ﬂmm TRPRRIE R I 45 F 2K

b. AT R T B BE AN K 75 YL ¢ E K T AR
o EVR R R I, TR ZIA TR I 55 Rk 5 G Aiﬂ
U8 LA TRIAR 3 B R) e 1% P AR o, A A I T 7k
{?TJ}H{QEE}E@ TP N 2 B I Jﬁiiiﬁk
IR SESIE TSRSl % u{mﬁﬁmﬂﬁ%

’

Y

4 i

LRETAERD | ‘

| R P TS e 98 P 0

il 2 3 £

e R YN oL W E G ]

s )
(ot )
O

E3

BEEHTARES

S B AR AE SR

Fig.3 Framework for constructing ecosystem of urban rivers in high-density cities

.23 .



W 37 ) B S50 3 5 TR /K PR B2 1T, 6 0 T J i
MRKAES RSB E 05T, (2l A il 18
A BB S U R BORAT A S BT AR AR HE ST
HEW 5 G T BT 1) K

SE Lk

(1] fhoias Bl ATA ST, AL PREE T 3 15 LR R i
PERF I FE R T [J]. K BEIRAR,2025,41(5) :33-
40. ( Xu Zongxue, Chen Hao, Ren Meifang. Analysis on
causes of flooding/waterlogging disasters in typical
megacities of China under changing environment [ J ].
Water Resources Protection, 2025, 41 (5): 33-40. (in
Chinese) )

[ 2] HZ viie sk, 5 KILh R e S 2Eis
JePpmlG PSR [J]. K BEPRAR ST, 2024, 40 (1) : 1-5.
(Xia Jun, Jia Haifeng, Zhang Xiang, et al. Coordination
strategies for urban waterlogging and rainy season pollution
control in middle and lower reaches of the Yangtze River
[J]. Water Resources Protection,2024,40( 1) :1-5. (in
Chinese) )

[ 3] WRAEM5, sk, A M IE. F I bl vl o g R R ) R 432K 5
RGBS [T]. 4K HEK, 2018, 54 (10) ; 1-5.
( Xu Zuxin,Zhang Chen,Li Huaizheng, et al. Classification
and systematic treatment of black order problem in urban
rivers in China [ J ]. Water & Wastewater Engineering,
2018,54(10) :1-5. (in Chinese) )

[ 47 "R A SCUE, BER — 46 T K IR R K il 5 e
G R K BRSSPl SR [ )] 4a7k kK, 2025, 61
(8):42-51. (Ye Cheng, Yang Wenyuan, Dong Tianyi, et
al. The water quality risk and control method of emerging
contaminants in storm-induced pollution of urban water
environment[ J |. Water & Wastewater Engineering, 2025,
61(8) :42-51. (in Chinese) )

[ 5] FFBRTR BRossr TR IO 25 RN B 2] DX 9 4 ki
XSRS B EIRENA [ D], K BT IO, 2023,39( 1) : 83-
92. ( Ye Chenlei, Xu Zongxue, Lei Xiaohui, et al.
Influences of sponge reconstruction of Jin’ an River
drainage district in Fuzhou City on urban flooding/
waterlogging [ J ]. Water Resources Protection, 2023, 39
(1) :83-92. (in Chinese) )

[ 6] BAf5, K3 20, 00, 45 T HEK 2R Ge 4 T 4 50 0% it
FRWITE LS i [ )] B3 TR HOR =40,
2022,12(2) :348-355. ( Xu Zuxin, Zhang Jingyi, Xu Jin,
et al. Study on key technologies for improving quality and
efficiency of urban drainage system:a case of Ma’ anshan
city [ J]. Journal of Environmental Engineering
Technology,2022,12(2) :348-355. (in Chinese) )

[ 7 ] SRS o Bk KA OF5E [ D], bt i1
K2E,2016.

[ 8] WA, voinse A7 iy, 55, sl 22 i Ts g WU P AG 5
I DRSS : IS R B[ ] RV IS 3005,

.24 -

(9]

[10]

(1]

(12]

[13]

[14]

[15]

[16]

(17]

2024,33(8) :1741-1752. ( Chen Tiantian, Shen Rusang,
Yang Hongzhe, et al. Risk assessment and zoning control
of urban runoff pollution; taking Hangzhou City as an
example[ J ]. Resources and Environment in the Yangtze
Basin,2024,33(8) :1741-1752. (in Chinese) )

B8 i A, 7 BB, X S A Sl T P AE 5 e A e B
[J]. 3R 2 3k R, 2020, 39 (10) ; 1717-1731. ( Zhao
Ruidong, Fang Chuanglin, Liu Haimeng. Progress and
prospect of urban resilience research [ J ]. Progress in
Geography,2020,39(10) ;:1717-1731. (in Chinese) )
A, /N A B AR K AR T 3T By i HE B
RS U7 SARVT : LSBT A ()] KA, 2022
(5) :39-42. (Fu Jian, Gao Xiaotao, Qiao Mingye. Overall
solution for urban flood control and drainage under
extreme rainfall and flood: taking Zhengzhou as an
example[ J |. Water Resources in China,2022(5) ;39-42.
(in Chinese) )

IR IR, RILA TR K2 2t 5K A BB
WAL [)]. P E TR, 2022,24 (1) : 166-175.
(Hu Chunhong, Zhang Shuanghu. Strategies for water
security and aquatic ecosystem restoration in the Yangize
River Economic Belt[ J]. Strategic Study of CAE,2022,24
(1) :166-175. (in Chinese) )

SREE AR W R T R T BB R
WESEEBGR S]], E R, 2024, 39
(6) :62-70. (Wu Xiaan, Xu Leiqging. Perceived density in
urban high-density: concept, value and important research
issues| J ]. Urban Planning International, 2024,39 (6) .
62-70. (in Chinese) )

Wbt e PSR T A s K R A R B AR A2
WHFELD]. KA AR, 2024,

PR, TR, 2 AR, A5 . BB R R T A0 g 22 T 097
TR i OB Ty S (1], b KA, 2025
(18):19-28. (Hou Jingming, Wang Tian, Li Donglai, et
al. Efficient simulation and prediction method for extreme
rainfall-induced flooding processes in ulira-large cities
[J]. China Water Resources, 2025 ( 18): 19-28. (in
Chinese) )

FRIER , X B %, 22 Bk, 45 AR IR T b o XU i A
AL 5 3T 0 P 4R T SR [ ). KM A2 4, 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) )
FIRA, BUR W, BRI 45 U K BRI 4 5 it b 1)
WL WA e JA 2 i PP A [ 1] 3R BER) 2%, 2026 1-15.
(Wang Chenyang, Jia Qimeng, Jia Haifeng, et al. Cost-
benefit analysis of synergistic pollutant and carbon
reduction  through  watershed interventions [ J ].
Environmental Science,2026:1-15. (in Chinese) )

A R, 25 BT R, A% A K AR TR R I



(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

5 TFRAE 3BT S Mg [ )] K H] 2240, 2024, 55
(11);1298-1308. ( Yuan Ximin, Lan Zhuoqing, 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) )
JUAREESHEDT. KB [ EB/OL]. (2025-07-03).
https ://gdee. gd. gov. cn/jhszl/content/post _ 4738737.
html.

i R ST A BIR TR AR Z K B T2
FARa[ 1], AR K A R, 2021, 41(3) : 77-82.
(Gao Yang, Yang Dong, Ni Shougao, et al. Technological
design and test of online dewatering process for dredged
mud[ J ]. Advances in Science and Technology of Water
Resources ,2021,41(3) :77-82. (in Chinese) )

THEN, EiE BAUKIKIGBIERBI ST R 1], 3R5E L
H£,2018,36(8) :26-29. ( Ning Zijie, Wang Xin. Overview
of the black-odorous waters treatment technologies [ J ].
Environmental Engineering, 2018, 36 ( 8 ): 26-29. ( in
Chinese) )

TR, TR, A A ZRMEIR B S LR AT SR G
AW )], EKizE, 2010,10 (18) : 161-162. ( Zhang
Qian,Zhang Lin, Li Da,et al. Analysis of the restoration
and related recommendations in the Qinhuai River[ J].
China Water Transport, 2010, 10 ( 18 ) 161-162. ( in
Chinese) )

AR R T AT ¥ K Ak B R s A SO
[D]. RHE KHR,2014.

&N /R (555 e e S SN B N 70 375 W 8- R B /RN
[J]. P EgR A KR, 2005(9) :33-37. (Li Daming,
Chen Haizhou, Fan Yu. Present situation and development
of flood control and mitigation in China and abroad[ J].
China Rural Water and Hydropower,2005(9) :33-37. (in
Chinese) )

XTI, SN TSR T P 87 3R B TR AR ()],
JKH, 2012 (19) : 48-49. ( Liu Shixiong. Discussion on
urban flood control measures in Quanzhou [ J ]. China
Water Resources,2012(19) :48-49. (in Chinese) )

Chan F, Grifftths J A, Higgitt D, et al. “Sponge City” in
China: a breakthrough of planning and flood risk
management in the urban context[ J]. Land Use Policy,
2018,76.772-778.

Yin Dingkun, Chen Ye, Jia Haifeng, et al. Sponge city
practice in China: a review of construction, assessment,
operational and maintenance [ J ]. Journal of Cleaner
Production,2021,280; 124963.

AL, B, 2R AT, 55 TG AR T R R A e 2 R A
B SLEE HAR[ )], hIE S /KHEK ,2015,31(8) 1 1-5.
(Che Wu, Zhao Yang, Li Jungi, et al. Explanation of
sponge city development technical guide: basic concepts
and comprehensive goals[ J]. China Water & Wastewater,

2015,31(8) :1-5. (in Chinese) )

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

E M X T R G R[] KA
24 ,2017,48(9) : 1009-1014. ( Wang Hao, Mei Chao,
Liu Jiahong. Systematic construction pattern of the sponge
city[ J]. Journal of Hydraulic Engineering,2017,48(9) .
1009-1014. (in Chinese) )

B R E BB S A R R B [T ] b E BB,
2019,29(8) :2-3. ( Xia Jun. New concept of urban flood
prevention and control in China [ J ]. China Flood &
Drought Management ,2019,29(8) :2-3. (in Chinese) )
SR, EHAE AR A o TR K B A A
PHE (1], K J1 K #%4i, 2017, 36 (1) : 1-6. ( Zhang
Jianyun, Wang Yintang, Liu Cuishan, et al. Discussion on
the standards of urban flood and waterlogging prevention in
China[ J]. Journal of Hydroelectric Engineering,2017,36
(1):1-6.)

MRS Ao  RRIRE 5 R TR R e PR WL A 4k
RtERR BT [ 1], K AI2A4,2021,52(6) £ 659-672.
(Chen Wenlong, Xu Zongxue, Song Lixiang, et al.
Research on the control measures of pluvial and fluvial
urban floods based on holistic view of watershed system
[J]. Journal of Hydraulic Engineering,2021,52(6) :659-
672. (in Chinese) )

PRI, Aoy BREN , 4. e HE T % /9 A 3 B B
TEHEZR B LR AT FEL ] KA 41, 2022, 53 () : 769-
778. ( Chen Wenlong, Xu Zongxue, Zhang Yin, et al.
Theoretical framework and application of urban rainstorm
flood control in high-density cities [ J ]. Journal of
Hydraulic Engineering, 2022, 53 (7). 769-778. ( in
Chinese) )

Perini K, Sabbion P. Urban sustainability and river
restoration ; green and blue infrastructure[ M ]. Chichester
John Wiley & Sons,2017.

BEE AN, BRIGETN , 475 3. B VE TR e 2 DR i
RURTG YRR 73 W B[ 7). K BE B4R 3, 2019, 35
(4).9-16. (Huang Guoru, Chen Xiaoli, Ren Xiuwen.
Characteristic analysis and simulation of non-point source
pollution in typical watershed of Feilaixia Reservoir area
[J]. Water Resources Protection,2019,35(4) :9-16. ( in
Chinese) )

PUP /e B e i I D R KA S RN S e 1
e RAFAEL Y] . K BEIRARA, 2019, 35(6) :9-13. (Liu
Jiahong, Wang Dong, Li Zejin, et al. Measurement and
characteristic analysis of infiltration performance in
Xiamen spongification reconstruction area [ J]. Water
Resources Protection,2019,35(6) :9-13. (in Chinese) )
HET, EECE, S IE S - HK RS2 H
PRSP s 5O )] R 4K HEK 2023,
39(24):21-29. (Han Guanyu, Wang Dianchang, Wang
Haozheng, et al. Method and practice of multiobjective and
realtime optimal control in urban drainage system [ J].
China Water & Wastewater, 2023, 39 (24 ) :21-29. (in
Chinese) )

.25 .



[37] ZEsimbf, SN WA , A5 75 H el DX A Al s I TS 3

P S CHACR T [ T]. A IR R 241, 2010,
29(1):141-144. (Li Qiangkun, Sun Juan, Hu Yawei, et
al. Control measures of agricultural non-point source
pollution in Qingtongxia irrigation district and effects
analysis [ J]. Journal of Agro-Environment Science,2010,

29(1) :141-144. (in Chinese) )

[38] MR, Bk, =B, 4. T S lg ek " By v

Y] T8 i e ik B[] 20 2 BRECAR BT [T]. K B IR
$,2023,39(3) :16-23. ( Chen Wenlong, Luo Huan, Wu
Qiong, et al. A synchronous removal technology of carbon,
nitrogen and sulfur pollutants from sediment in heavily
polluted rivers based on “treating sediment before water”
model[ J]. Water Resources Protection,2023,39(3) :16-
23. (in Chinese) )

[39] WA Bt AR, FLEREE , 5. ST AR Gt i L S I £

IR B Z PR [T]. KB AR, 2021, 37
(6) :88-93. (Tang Yingi,Ren Xinxin,Kong Luting, et al.
Application of integrated urban river management strategy
in Ejingshui River ecological restoration [ J |. Water

Resources Protection,2021,37(6) :88-93. (in Chinese) )

[40] Lamb R, Crossley A, Waller S. A fast 2D floodplain

inundation model[ J]. Water Management,2009,162(6) :
363-370.

[41] Xia Xilin, Liang Qinhua, Ming Xiaodong. A full-scale

fluvial flood forecasting based on a high-performance
integrated hydrodynamic modelling system [ J]. Advances

in Water Resources,2019,132.103392.

[42] ARFIFE, 28T ISR 55, 56T BRAACRR I Ay g 199 7K

AT AR [T, KRILR = BE BE A, 2019, 36
(5) :7-12. (Song Lixiang, Li Qingging, Hu Xiaozhang, et
al. A parallel finite-volume method for hydrodynamic
modeling of river network[ J]. Journal of Changjiang River
Scientific Research Institute, 2019, 36 (5): 7-12. (in
Chinese) )

[43] i DU 2B fl 2 e sl R MR ST R [T ]

= Bl 770k, 2022 (6) : 11-13. ( Wang Hao. Promoting
intelligent upgrading of water conservancy through deep
integration of industry,academia and research[ J]. Science
& Technology Industry of China, 2022 (6): 11-13. (in
Chinese) )

[44] Pl 200, AR 6. 2 HARR LR 7R J2 1K

PERIREF[ D] 7K T3 A L 274k, 2006, 25 (2) :69-73. (Du
Shoujian, Li Huaien,Bai Yuhui,et al. Application of multi
objective operation model to Nishan Reservoir[ J]. Journal
of Hydroelectric Engineering, 2006, 25 (2): 69-73. (in
Chinese) )

[45] DU B2 WRG , 55. S0Pt RS DL E

BRI ). K RE 22 3 )&, 2015, 26 (4) : 560-571. ( Jia
Youben, Zhong Pingan, Chen Juan, et al. Coordinated

- 26 -

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

optimal operation model of complex flood control system
[J]. Advances in Water Science,2015,26(4) :560-571.
(in Chinese) )

Wk, JE A B T AR DXL 7 R OB R Sl
SR [T]. JE 2K HEK, 2024, 40 (1) ; 131-136.
(Yang Sen, Zhou Quan, Huang Linyu. Establishment and
application of flood forecasting and early warning systemin
pudong new area[ J]. China Water & Wastewater, 2024,
40(1) :131-136. (in Chinese) )

S, MR, R A AR SR T LR ) TR TR AR 1
R 3B T AL 7 TR TV R e R ()] Pa e K
2023(2) : 12-19. (Shi Chao, Wang Xinghua, Wu Xinlei.
Study and application of urban flood forecasting and early
warning system based on machine learning rapid
forecasting model [ J ]. Northwest Hydropower, 2023 (2) .
12-19. (in Chinese) )

B B IR Sl B U St VR R RE LS T B O
FARMER[T]. A EAKF],2023(11) ;45-48. (Feng Min.
Research and development of key technologies of
intelligent decision-making engine for river basin flood
disasters driven by big data[ J]. China Water Resources,
2023(11) :45-48. (in Chinese) )
RGBT 5. N TR RE AR TR i 87
BTk i v B R [ 1], AR L, 2025,56 (10) :
236-245. ( Hou Jingming, Ma Liping, Yang Yongping, et
al. Research on application of artificial intelligence
technology in flood disaster prevention[ J]. Yangtze River,
2025,56(10) :236-245. (in Chinese) )

BIWR . T e A A e R i i AN < ZL
202211354667.2. X[ P]. 2023-07-28.

B BRSBTS AR K s AT A A
RS S V], P KA, 2023 (9) :31-35. (Li
Ming, Chen Wenlong, Wu Qiong. Ecological and practice
of urban river low water level operation in Guangzhou City
[J]. China Water Resources, 2023 ( 9): 31-35. (in
Chinese) )

B BRSO PR BE TR ALz 47 Y 30l 1T T 3 35 G
NEVE A T I R AE Mo s R R [ 1] KBRS,
2024,40(2) : 126-133. ( Wu Qiong, Chen Wenlong, Chen
Jun, et al. Characteristics and influencing factors of
microbial communities in polluted sediment of urban rivers
under low water level operation [ J ]. Water Resources
Protection, 2024 ,40(2) :126-133. (iin Chinese) )
WRICHE , B, 2 —F Sl AR A s A1 A S B 2
LS SEBRAICR [ 1] K BRI fR 7, 2024,40(2) - 16-22.
( Chen Wenlong, Wu Qiong, Li

restoration mechanism and practical effects of low water

Yiping. Ecological

level operation in urban rivers [ J ]. Water Resources
Protection,2024,40(2) :16-22. (in Chinese) )
(ki B91.2025-12-05 %l . Mk )



