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Coincidence rules of rainfall in waterlogging area of tide-affected area and upstream flood in flood area of drainage
receiver // LIU Zengmei'”, WANG Shangwei', CAI Yuting', LAN Fupeng' (1. Department of Water Conservancy and
Hydropower Engineering, South China University of Technology, Guangzhou 510640, China; 2. Guangdong Engineering
Technology Research Center of Safety and Greenization for Water Conservancy Project, Guangzhou 510640, China)
Abstract; Planning design for preventing waterlogging in tide-affected area must reasonably determine the design process of
tidal level combined with the design rainfall in waterlogging area, while the upstream flood will raise the tide level in the
drainage receiver, having especially effects on the raising of lower tide level, which is very unfavorable for the use of the
gate to rush the drainage water, so the coincidence between the rainfall in the waterlogging area and the upstream flood in
the drainage receiver needs to be analyzed. Taking Zhong-Zhu union catchment as an example, the qualitative analysis and
the probabilistic risk analysis are adopted respectively to analyze the coincidence rules of the rainfall of Zhong-Zhu union
catchment and the flood in the upstream of Modaomen waterway in the drainage receiver. The results of the qualitative
analysis show that during the period from May to August every year, when there is a heavy rain in Zhong-Zhu union
catchment, it is likely to encounter the flood from XiJiang River, especially during June to July. The results of the
probability risk analysis show that when there is a rainstorm with a return period of no less than 20 years and no rainstorm
with a return period of more than 20 years, and the probability of maximum flood with a return period of no less than 90% ,
75% , multi-year average, 5-year and 10-year is 15.21% , 10.99% , 6.58% , 4.12% , 2.93% and 13.62% , 9. 80% ,
5.84% , 3.65% and 2.59% , respectively.

Key words: tide-affected area; rainfall in waterlogging area; upstream flood in drainage receiver; coincidence of rainfall

and flood ; probabilistic risk analysis; Copula function; joint distribution function; Zhong-Zhu union catchment
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Fig.1 Region of Zhong-Zhu union catchment
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Table 1 Monthly average precitation and runoff

as a proportion of the year

Al BRI 45 H % E?T%Dﬁﬁ#ﬁ P
K L/ % Py L%
1 1.45 2.70
2 2.43 2.83
3 3.65 3.77
4 8.13 7.07
5 14. 89 11.84
6 18. 68 16.77
7 14. 67 16. 80
8 16. 14 14.42
9 12.51 9.92
10 4.44 6. 02
11 1.63 4.47
12 1.37 3.05
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Table 2 Monthly statistics of the maximum daily

rainstorm and daily average flow in the past years
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e RAVHE  RAEMR/ % RAERE EAER/ %
4 1 2.04
5 9 27.27 6 12.24
6 7 21.21 17 34. 69
7 5 15. 15 17 34. 69
8 6 18. 18 6 12.24
9 8 24.24 2 4.08

10 3 9.09

11 1 3.03
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Fig.2 Annual maximum daily rainstorm frequency curve

of Zhong-Zhu union catchment
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Table 3 Annual maximum daily rainstorm and average
flow of Zhong-Zhu union catchment and Xijiang Makou

Station for per frequency
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Fig.3 Annual maximum daily flow frequency curve
of Xijiang Makou Station
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Table 4 Risk of the combination of rainfalls in Zhong-Zhu union catchment and various

frequency floods in Xijiang Makou Station

T TR A FOR W) 1B 20 A
HH BRI FEIAFE A K 1 d T2 R PG 3l AR R K BeOAMME B R LR,
H/mm AR I/ a 0 LA R A s e s
% e % k% B
314 5 20 53988 1.34 2.0 50 0.937 1.51 1.33
314 5 20 46716 1.93 5.0 20 0.932 2.17 1.92
314 5 20 41346 2.61 10.0 10 0. 925 2.93 2.59
314 5 20 35967 3.67 20.0 5 0.915 4.12 3.65
314 5 20 32760 4.61 33.3 3 0. 906 5.17 4.58
314 5 20 29610 5.88 43.0 2.3 0. 894 6.58 5.84
314 5 20 28249 6.57 50.0 2 0. 888 7.35 6.53
314 5 20 23758 9. 86 75.0 1.33 0. 857 10. 99 9.80
314 5 20 20577 13.70 90.0 1. 11 0. 821 15.21 13.62
314 5 20 18960 16. 40 95.0 1. 05 0.795 18.15 16. 31
270 10 10 53988 1.34 2.0 50 0. 888 1.50 1.32
270 10 10 46716 1.93 5.0 20 0. 883 2.16 1.90
270 10 10 41346 2.61 10.0 10 0. 877 2.92 2.58
270 10 10 35967 3.67 20.0 5 0. 867 4. 10 3.62
270 10 10 32760 4.61 33.3 3 0. 859 5.14 4.55
270 10 10 29610 5. 88 43.0 2.3 0. 848 6.55 5.81
270 10 10 28249 6.57 50.0 2 0. 842 7.31 6.49
270 10 10 23758 9. 86 75.0 1.33 0.812 10.93 9.74
270 10 10 20577 13.70 90.0 1. 11 0.778 15.13 13.54
270 10 10 18960 16. 40 95.0 1.05 0.754 18. 06 16.22

.03 .



i Q WG F(h,q) N
FH(h)F()(q>
1 -0.134(1 = F,(h)) (1 - Fy(q))
(4)
X b BR B AR e R 1 d T R R, B B Oy
20 a .10 a; X PUVLE H itk , B 50 4F—i# 20 4F—
i 10 4F—i 5 4F—i 3 AF i 24T 2 AFE—
W DL AR5 50R T5% 90% 95 % 55 45 Hr UE (1) 4F:
K H K o 6 DL A BRI B A7 f5e K 1 d T 5 R
POYLS Ol A de K H 389K AT — 414, Je il 5 0 s
AP R H B30 R H 6 AR R K 3 i R SR
e i SR 5 IR G 20 A R A (S (4) ) SRR H
PR AR B e 2 (2) A (3) 353 8 i X
SR A R R, TR LR 4.

4 & iE

F(h,q) =

ARSCHRE S A7 XA R -5 R XL Tt K i 1
T VEE TR B X . Bk 2
FRCHH DI, ELE K X g 3 7 A 52 g DAL 305 38 3] 11
TS , 100 XA 57 ) S AR 2% LA 8 3, S R
PRI HEHES A AR B AN H], e TE 2 1808 3 X 36 #L
BT BB X A RN -5 R DX 3 P A G 15
DL BRI o AWTFE R, 7 X B TR e T AR B R (R I
R AFE M, JEK 5 LI 28 97 A i R 2 TR
R K R X R AR T I ikt T e — LB B Y K
FE SR B 5 R, A R — 20 5 2 Tl B
TEAE ) R T 1 B0 AT L

SR

1] XSG, SRARKE, ¥ R IF. B o DX HE Y 0 i35 1%
FUEBEHT 5T [T]. AR BRI, 2009,30(5):8-11. (LIU
Zengmei, WU Junxiao, XIAO Sufen. Study on drainage
from waterlogged land in tide-intrusion area [ J ]. Pearl
River,2009,(5) :8-11. (in Chinese) )

[ 2] BEDUR, B8, MR, 5. Bl 1 bl ik 3 )y 2
LT ] BUKRA ) R4, 2000,33(5) - 11-15.
(TONG Hanyi, ZAO Mingdeng, HUAI Wenxin, et al.
Hydrodynamic calculation for flood meeting with tide[ J .
Journal of Wuhan University of Hydraulic & Electric
Engineering,2000,33(5) ;:11-15. (in Chinese) )

[ 3] XU 3. by SR FRLRI LR ] 7 A2 R T
K24,2014.

[ 4 ] BRarfe, B, 1 58, 45, VUYL IREE N o S itk
RSB ()] /K3, 2019,39 (6) : 80-84.
( CHEN Lihua, TENG Xiang, PAN Zihao, et, al.
Composition and encountering law of floods at Wuzhou
Station from main Stream and tributaries in Xijiang River

Basin[ J]. Journal of China Hydrology,2019,39(6) :80-
.94 -

84. (iin Chinese) )

[ 5] s A0, ot , 5. VUL B 24 i 5 1 08 431
[J]. ARBRIT,2017,38(7) :18-21. ( GAO Huigin, DAI
Jian,SHEN Yan, et al. Analysis of the flood composition
and flood occurrence in Xijiang River[ ] ]. Pearl River,
2017,38(7) :18-21. (in Chinese) )

[ 6] RIEME , XIAH, D7, 45, B PO i 3t 7K 8 23 Hr

WL )] 1 7 )9 4z, 2015 (1) 149-154. (ZHU

Longteng, LIU Youcun, YAN Fangjie, et al. Flood

coincidence probability analysis for Nansi Lake valley[ ] ].

Transactions of Oceanology and Limnlolgy,2015( 1) :149-

154. (in Chinese) )

XIS, Wk B DX T) 2 R AT AN K AL 8 8 45 X

Kr[J]. /K BE2 3 B2, 2009, 20 (5):619-625. ( LIU

Zengmei, CHEN Zishen. Risk study of the bivariate

—
~
[

encounter of interzone rainstorm and flood level of the
outer river[ J |. Advances in Water Science,2009,20(5) .
619-625. (in Chinese) )

WY, KRR, 230, A I TS [ I 2 A A
BT ] KB, 2015,31(4) :82-86. (ZENG
Ming, ZHANG Yufeng, LI Qiongfang, et al. Study on

probability for rainstorm combinations during different

—
[ee]
[

durations in Shanghai City [ J ]. Water Resources
Protection,2015,31(4) :82-86. (in Chinese) )

e, B, B AR T = 4E copula pRELY £ K SCIX
PGB [ T]. KR ,2012,23(2) :186-193.
(XIE Hua, LUO Qiang, HUANG Jiesheng. Synchronous

asynchronous encounter analysis of multiple hydrologic

—
]
[

regions based on 3 D copula function[ J]. Advances in
Water Science,2012,23(2) :186-193. (in Chinese) )

Bk, BB EH. & T Copula BRI I8 A [ 1 4
MOBHTFELT ] K BEUEAR S, 2016,32(6) :62-69. (LYU
Zhenyu, MU

—
—
(=)

s

Jianxin.  Study on  wetness-dryness
encountering probability of basin precipitation based on
Copula function[ J]. Water Resources Protection,2016,32
(6) :62-69. (in Chinese) )

[I1] XU 36, BOLAE By 22,45, Bl Bok fr 5 itk
AT 3 A7 B S IR AE 5T [T ). K R 27 4, 2013, 44
(11).1278-1285. (LIU Zengmei, QIN Guanghua, CHEN
Zishen ,et,al. Study on the correlation of the water level of
the tidal river with upstream flood and estuary tide level
[J]. Journal of Hydraulic Engineering,2013,44 (11);
1278-1285. (in Chinese) )

[12] ZEam 15, 36 A . BT 7 BB SO AR — Bk it
W T 308 XS 20 BT [0 ] 7K R K HL B 2E g, 2016, 36
(6):51-57. (LI Ziyuan, FENG Ping, YUAN Ximin.
Coincidence risk analysis for non-stationary flood peak of
Yellow River and its tributaries in Ningxia Hui Autonomous
Region[ J |. Advances in Science and Technology of Water
Resources,2016,36(6) :51-57. (in Chinese) )

(F#% 107 )



[18]

[19]

[20]

[21]

[22]

S G G GG GG S G G S GO G W WP G WS

SR 5 AR FEAR AT, 45 TR A [ R AR KA
KT AN T ]. B IRTTIK %224 ,2003 (2) - 15-
17. (ZHANG Huanzhao, HAN Junli, TANG Yiwei, et al.
Application on self-exciting threshold auto-regressive
model to forecast quantity of water irrigation requirement
for rice[ J]. Journal of Heilongjiang Hydraulic Engineering
College,2003(2) :15-17. (in Chinese) )

ERETE, TS, AR, AR T M M i GA-BP
ARSI T 7 7K B v 4 52 FH LT ] R K AL 95 KRR
$%,2017,15(6) :39-44. (LI Xiaoying,SU Zhiwei, ZHOU
Hua, et al. Application of GA-BP model based on principal
component analysis to urban water demand prediction[ J ].
South-to-North  Water Transfers and Water Science &
Technology ,2017 ,15(6) :39-44. (in Chinese) )

FRAA , 5222, R NK, B BT IR GO AT B GA-
BP 2% K ML B AT 52 [ ) ]. K B RE R4, 2015,
33 (7):39-42. (ZANG Dongwei, LU Baohong, ZHU
Congfei, et al. Study of GA-BP neural network for water
requirement prediction based on gray correlation analysis
[J]. Water Resources and Power,2015,33 (7) :39-42.
(in Chinese) )

S, PR, RS R (I A% il 28 ) 26 A R X i
FAFTF KB BIN[T]. 457K HE7K ,2018,54 (1) - 137-142.
(JIANG Baiyi, MOU Tianwei, WANG Lingping. Annual
water demand forecast based on the model of grey neural
network [ J ]. Water & Wastewater Engineering, 2018, 54
(1) :137-142. (in Chinese) )

T 5, SR 5 R BB (8 T AR R 4 [ K A i) v

(L4594 1)

[13]

[15]

KRG 5, Iz, EARNS , A5 LTI K FE R 23 Hr B
FETIURIR TSR] KPR ,2018,34(6) :38-43.

(LIU Zengmei ,FENG Sian, LAN Fupeng, et al. Regulation
scheme of Shegong River based on watershed flood hazard
analysis[ J ]. Water Resources Protection,2018,34(6) .
38-43. (in Chinese) )

PINYA M A S,MADSEN H,ROSBJERG D. Assessment of
the risk of inland flooding in a tidal sluice regulated
catchment using multivariate statistical techniques [ J ].

Physics and Chemistry of the Earth,2009,34 .662-669.

X 5%, KRS H, WIS, 4. w7 I M XK P A A2
CEE D] TR S A ( FARBHA R ,2018,46(2)
122-127. (LIU Zengmei, ZHENG Zhiqgin, CHEN Sida, et
al. Study on unearthing and developing the potentialities of
a reservoir for the flood detention and storage in the
southern tidal area [ J]. Journal of Hohai University
(Natural Sciences) ,2018,46(2) :122-127. (in Chinese) )

oA )T SR A B AR K SRR LT . K3,
1998 (2):9-15. (JIN Guangyan. General extreme value
distribution and its application to hydrology[ J]. Journal of

[25

[

[

[

[

[

BT ] WA R 2 Be 2 4 ( F AR i) , 2015,
33(1):25-30. ( XIANG Yu, WU Qin. Application of the
improved gray prediction model to predicting the national
water consumption [ J ]. Journal of Hubei University for
Nationalities ( Natural Science Edition),2015,33 (1) :25-
30. (in Chinese) )
R, /NS AR A BT AR L B T K
JRETRIAERYBE 5T - L2 2 5 51 5 28 T
(I KBRS K TRE#4,2014,25(3) - 129-132. (DU
Yingxin, CAO Xiaobing, LI Chen,et al. Research on model
of gray prediction of urban water demand based on genetic
algorithm ; taking project of water diversion from Qinglong
River to Qinhuangdao for example[ J]. Journal of Water
Resources and Water Engineering,2014,25(3) :129-132.
(in Chinese) )
RN, R, BT SO X 3 E AR AR
AR RFEE [ T]. K WAR 3, 2018, 34 (2) : 22-27.
(WANG Qingin, LIU Junguo, ZHAO Dandan. Study on
water footprint of main crop production in Jing-Jin-Ji
Region[ J]. Water Resources Protection,2018,34(2) ;22-
27. (in Chinese) )
ROCFe , EJ8, B, 55 T O S E RN R A L
T K B PR R KRS A [T ] K B PR 4, 2017, 33
(6):27-31. (HAO Guangling, WANG Xuan, LUO Yang,
et al. Assessment of water shortage risk in Beijing based
on improved comprehensive evaluation model [ J]. Water
Resources Protection,2017,33(6) :27-31. (in Chinese) )
(i H191:2019-10-19  Zidi: T 57)

S GG GG G GG S G W W

China Hydrology,1998(2) :9-15. (in Chinese) )

NELSEN R B. An introduction to copulas[ M]. New York
Springer-Verlag,1999.

SALVADORI G, De MICHELE C. Frequency analysis via
copulas ; theoretical aspects and applications to hydrological
events| J |. Water Resource Research,2004,40.1-17.
SALVADORI G, DE MICHELE C.

multiparameter extreme value models and return periods:a

Multivariate

copula approach[ J|. Water Resource Research,2010,46 .
1-11.
SRIGEFS , A P IX AR LA T R EU T 7
A [ 0], K ¥ AR 57,2019, 35 (4) ;1723 (SU
Xiaoling, LIANG Zheng. Meteorology-hydrology drought
index and spatial and temporal characteristics of drought
in Guanzhong area[ J |. Water Resources Protection,2019,
35(4) :17-23. (in Chinese) )
SALVADORI G, DURANTE F, De MICHELE C. A
multivariate copula-based framework for dealing with
hazard scenarios and failure probabilities [ J ]. Water
Resource Research,2016,52(5) :3701-3721.

(Wi B 189:2020-04-01  Zifi  ZMEIE)

- 107 -



