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Analysis on urban flooding risk caused by flood tide combination in coastal cities /XU Zongxue' > , REN Meifang'~*
CHEN Hao'* (1. College of Water Sciences, Beijing Normal University , Beijing 100875, China; 2. Beijing Key Laboratory of
Urban Hydrological Cycle and Sponge City Technology, Betjing 100875, China)

Abstract: Aiming at the problems of flood control safety and sustainable economic development in coastal cities, this paper
summarizes the causes of flood events in coastal cities from two aspects of climate change and human activities. Taking
Shenzhen as an example, Xili reservoir station in the upper reaches of Dashahe River and Chiwan tide station in Shenzhen
Bay were selected as representative stations, and the risk analysis of flood tide combination in Shenzhen City was carried out
based on Copula function. The results show that although the combined risk rate of precipitation and high tide level is lower
than that of single field value, the urban flood disaster caused by rainstorm and high tide level in Shenzhen City is more
serious, and the economic loss and casualties are more serious. In the planning and design of urban flood prevention and
drainage, more attention should be paid to the combined risk rate of precipitation and tide level.
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Table 1 Expressions of the three types of the Archimedean Copula functions
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x2 BAFINIEGRESITE

Table 2 Statistics of precipitation series fitting goodness

\ LA RS
G A PR AL
KS c,M AIC BIC

Burr 0.075 0. 059 576. 116 581.932
Gamma 0. 094 0.079 577.178 584.994
GEV 0.128 0.171 581.454 586. 664
Lognormal 0. 108 0.108 576.734 581. 944
Weibull 0.173 0. 388 593. 5% 598. 804

x3 BUFIMERESITE

Table 3 Statistics of tidal level series fitting goodness

] B4 D it
NGO REL
c,M AIC BIC

Burr 0. 052 0. 041 59. 449 67.265
Gamma 0. 062 0. 035 57. 044 64. 859
GEV 0. 065 0. 052 56. 542 61.752
Lognormal 0. 049 0.033 55.911 61.121
Weibull 0. 121 0.210 67.090 72.301

%4 Copula HEHEXS MK FKITHE
Table 4 Statistics parameters and test statistics
of the Copula functions

W4y oL e WaR(EN
.4 0 T
A R KS CM AlC BIC

Gumbel 1.076 0.070 0.076 0.043 -40.462 -38.492
Clayton 0.389 0.163 0.014 0.027 -46.720 -44.750
Frank 1.251 0.137 0.058 0.029 -46.302 -44.331

T A T A 7K 5 R 2 7 47 30 % 73 R RS
A, I T F 3B 1570 A1 /Y Clayton Copula pRi%
QEYESuy,

F.(r1) = (F;o'm(’ + F;O'}SS(’ _ 1) TV0ss (g
SR F, A P 35 K P 3 1965—2017 45 ik k
WK ARG Burr 347 BRI F, R o5 7580457 08 A O 5 12
7 A4 Lognormal 7317 pR&K .

BE T B K 7 9 ML FF 81 9 32 2 93 A R B0
Clayton Copula pR%K, A [ 5 B W9 i B 5 5311 bR
BEGAHEANGE S P, n] DL, PRI Rk R o7 A4 1k
oA RN 0. 652 JE I E] 0. 980,

x5 AREZEIHH THEKFEAMAE Clayton Copula

RHE AN EHE
Table 5 Joint distribution function of Clayton Copula

function of precipitation and tide level in

different return periods

Wk PR

a5, 10a 20a 50a 100 a
5 0.652  0.726  0.763  0.785  0.793
10 0.726  0.813  0.857  0.883  0.891
20 0.763  0.857  0.903  0.931 0.941
50 0.785  0.882  0.931 0. 961 0.971

100 0.793 0. 891 0.941 0.970 0. 980

3.3.3 @ s R

6 MK T 435 A [ B ST B K R AL
PR XS 120 L XLz 23 B 0 XU, 3 Wl LU Y, e
WHEH KA 5a.10a.20a.50 a F1 100 a 5T,
Iee 7K AR A2 4 LI (L XU %84 0. 000 1 ~ 0. 0515,
BB AR Z 0 0. 0199 ~0. 348 5, ] UL [ 7K 1 )
37 B R 8 L RIS 25 8 /N B0 0 B XU % B
PR 4 3 O, B3 7K R AN 178 X0 15 2H - XL 5 T
B (EL L A U R AR AR AR s/, (3 Z )Y
ZEFEAEAN WG R AR R A I 2 1) XL 13 L JXU G
RN B 270 T 1 3 DX 5 1 3 0 25 7™
SRR T PR R JRE I O A i U 7 B A5 2 T DR
DR AN T BT PN 7 1 e K B A7, 7R T s
WA AT RE R N B, PO 1 R U 7 76 M X3k
B4 BT AL 3BTRS S A5G E X I (B XL
8 SR/ o

®6 AREIH THEAKMEBLEENRERKEZE
Table 6 Double threshold risk rate of the precipitation and

the tidal level in different return year periods

Wk R
a5, 10a 20a 50a 100a
5 0.051 0.026  0.0130  0.0050  0.0030
10 0.026  0.013  0.0070  0.0030  0.0010
20 0.013 0.007  0.0030 0.0010  0.0007
50 0. 005 0.002  0.0010  0.0006  0.0003
100 0.003 0.001  0.0007  0.0003  0.0001

RT FEEIE T PEKFEALEIR B SE X 2
Table 7 Single threshold risk rate of the precipitation and

the tidal level in different return year periods

[E oK & W

a5, 10a 20a 50a 100a
5 0.348 0.274  0.237 0.215 0.207
10 0.274  0.187 0.143 0.117 0. 109
20 0.237 0.143 0. 096 0. 069 0.059
50 0.215 0.117 0. 069 0.039 0.029

100 0.207 0. 109 0. 059 0.029 0.019

4 % iF

SRR T A5 2 M 23 TR R B = 2L
Sl T T I RSB Re A 5 HY , 7 i T 88 T 5t 13 KU 5
P LRI AR, W TSl T AR B XU BE R, AR A
(14 28 B P ST A, T eSS A BN 2, e HCTR
| PN T bR N SRSl N e A A AT
AR, 2T Copula pRE, XHERIINT R #1240 & BEAT
DR 73 A , BIF 8 405 5 3 WY 8 2K o I AR 7 1) X 1 {1
L AR 38 /N T B R (2L DX 3, (L e 9 i
7 Fo 8 25 T 00 v S T 325 ol ) 3 K 3 B
P SRR RN AT O EOR, IR I, R
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