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Fig.1 The sketch map of Shanghai Wusong estuary

[ 48 B % B 1] : 2022-04-20

[ 28 B & i3k - hitps:/kns.cnki.net/kems/detail/11.1814.P.20220419.1240.001.html
ESUIR . B TREHARZ R SR I H (19DZ1201500,20DZ1204400) ; F T 7K 55 R RHIFG B35 B (0K FF 2018-01)
VEHZ BT X% 96 (1995—) , 53 TV HE S N L, B TR0, 3232 Kk SC JKEREE T A9 TAE, E-mail ;2013301580001 @whu.edu.cn


https://kns.cnki.net/kcms/detail/11.1814.P.20220419.1240.001.html
mailto:2013301580001@whu.edu.cn

28 K X

a2t

1.1 HIEERR

KPR T WA s, 1912—2018 4F 3% L AF fi i 1l v 51
PP, AR L I 23 T2 A 8 TR e
ITEIE OB AT (ILE 2)

6 -
58 ' !
. ]

5.6 H
3

54 L] "l *

52| & ! - T e ' N
-l LM A

5 ; :-__gli-..-“ P !.-1:" 'Ih LY Rt

ag|d b 4 "';".'-'F v i Wy i

46 P

44
1910 1930 1950 1970 1990 2010
i fy

WAL/ m
| 3
Ll
-

B2 SR 1912~2018 i m AL T4 (IR )
Fig.2 The highest tidal level sequence of Wusong estuary from 1912 to
2018 (Revised)
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Tablel The design scenarios of exireme high water level
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Table2 Critical values of Von Neumann ratio method (a=0.05)
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Table3 State classification of tidal level sequence

e P U X 8]
1 s Y. >(EX+0)
2 = (EX+0) = Y >(EX+0.50)
3 — (EX+0.50)= Y, >(EX-0.50)
4 ik (EX-0.50)= Y, >(EX-0)
5 TG (EX-0)= Y,
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Fig.3 P-III fitting results of annual maximum tide level under

historical and current scenarios

i e 2 TP Sl e NN L& T = K VA R AR
— BT R SR A Cs 5 Co HAE (25.0) [
EARAE ToAb A A AR S5 R AR AT ok
Jr3X, T 1985—2018 4F S F1 A T-4F— 18 =5 v
(DL 4), DisE b 9711 5 XA 0012 & K40 5125 54
PR 5.99 m Fl1 5.87 m B i =g WS, T 1] 4 R R A
1997 4F-F1 2000 4F4A —RBRER  OW R B3 =L
A3 51R 6.576 m F1 6.690 m), A i =5 WA XoF B v
IVA=ALY N

638 02
BAEZAN

e . « it 015
& W fepatTa
= LIPS 01 _
iE 6.6 X | N
e o
= 005 &
g 65 0 N
|
ﬁ'm,'i.*.___ s ~0.05

63 0.1

1985 1990 1995 2000 2005 2010 2015 2020
QY

B4 1985~2018 AFULI w2k
Fig.4 Variation of design high tide level from 1985 to 2018

3.2 2050 FigitEEAAMR

ok 3 PG s AR — B T A TR
sk 4 s, gR YR, B2 B aL, r
GIEHEIE T 1%0 , 30 THIRBERE /N 28 5 R 5%, 4R
TR TAHE—BBHREAR TR, 2546 T
13.7 ¢cm 1 26.7 ¢cm,,



30 K 3L

a2t

®4 BEERBRBOIZITRR

Table4 The results of design maximum tide level in different testing scenarios
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Fig.5 1000 design high water level results for each of the three future

scenarios

R RRARBENLA I R AR 2%, ARUEE BT AR
FEE X =G B, 3SR R AR R 5 2%, B HLA: B
T AR B S A T I —2ek | B SR B
(1) 1000 ZHBEALIT 51, 1H3 A B e T = A A5 25 (D
Kl5), =FhE s8I BME S 318 6.605m.6.717 m
6.823 m; HRifE2E 43 124 0.034 m.0.033 m 0.031 m, FEA
AT LAIA R SR T AR 30 4F PN &R 0 1R L1 ¥R 2 IR s
EEAE ST, S T 2050 4E T4AE— iR I 24
H6.60m.6.72 m.6.82 m, I P-IIT $81E 1Y BRS04
FBEH AN 6.582 m, R, K3k 30 46, 25 A5
HE R S T, SR U 1 BE T W S AR RS 3 R
1R 2 Wt E A g s, Rl Dt Eni e A b
K, HFETHZ 14 em F1 24 em , FEXT PRI B KA, 43
S Y 0.45 m F10.55 m,

4 4hig
e S BN S e Y S X SR T Dy s BRAR R ok
5 T TAE— BB R A AN, E8AT U 458
(1) BUAR R L O T4F— 83724 6.582 m, L T
HAZ B KL 6.27 m,

FS BRI F6 T 18.4 cm HT 12.8 em,

(3) Ak 30 FF N WA H B R T 5.80 m 41 it 125
WA, 2050 AF SIS 14— mE 0 5 BRI A (R
—%,

(4) A 30 4F P, S T H B 1.2 YA it o 8 7
A, A — 8 18 v o7 R Xt R 5 B 7K A2 43 1)
tH 0.45 m 1 0.55 m, FELEM R A B BEA I 22 4 Rt

A st v AL 8 7 A A2 TP T B XU RS
R DX R K A5 R [R5 ) A R 1 5 A At B
AL TE 5 (5.90 m 6,10 m 55 ) X w6 1Y 520
AR —55 . SO, ARFIE L RN R IR
AT S A R . X T30 2 M X AR R 2538, A Frik
— 5T,

SE 0k

[1] B8R, AR, RFHE. TR 1R X4 Fos s bl Ao 435 43
MrlJ). Kis TR, 2012(6):8-14. (JIA Liangwen, REN Jie, YU Danya.
Calculation and analysis of annual design highest tidal level in
coastal area of Guangdong [J]. Water Transport Engineering, 2012(6):
8-14. (in Chinese))

TROA AT BLET5, A5 AR AL PRI T B VAR fe i i A2 R AT ).
KL AE TRl 2, 2014,32(7):1-5. (ZHANG Hong, LI Qiongfang, YU

—_
[N
—

Meixiu, et al. Frequency analysis of annual maximum tide level in
Huangpu River in times of intense change [J]. Hydropower Energy Sci-
ence, 2014,32(7):1-5. (in Chinese))

[3] CHENG H Q, CHEN J Y, CHEN Z ], et al. Mapping sea level
rise behavior in an estuarine delta system: a case study along the
Shanghai coast [J]. Engineering, 2018,4(1):156-163.

[4] BERF AT, SRR S MBS AR AL X A R 5
B 78 (M), db 50BN R AL, 2017, (LING Tiejun, ZU Ziqing.
Impacts and Risks of Climate Change : Impacts and Risks of Cli-

mate Change on Coastal Zone [M]. Beijing: Science Press, 2017.

(in Chinese))



S35 X5 G < W i v Y 275 S0 _E 3 SR 1 B e i S e e 5 31

[5] WU Shaohong, FENG Aiqing, GAO Jiangbo, et al. Shortening the tion, 1982,77(377):40-46.
recurrence periods of extreme water levels under future sea-level [13] JBABDI S. Metropolis Hastings [J]. Nuclear Science & Engineer-
rise [J]. Stochastic Environmental Research and Risk Assessment, ing the Journal of the American Nuclear Society, 2006,154 (2):
2017,31(10). 1112-1115.

[6] FEIRIZOAR"™ 76 A0, A5 1T b P36 v ] 6 X A/ o o B [14] B, 2RSS, AR — 2ot KR SCBT RS2 1],
ARSI, HEVERLE RS, 2021,39(1):20-29. (ZHUANG Yuan, JI KR BEBE IR, 2015(5):25-31+40. (ZHANG Yue, LI Guofang.
Qiyan, ZUO Juncheng, et al. Effects of sea-level rise on the re- Nonstationarity of tidal level and its impacts on hydrologic design
currence. periods of extreme water level in coastal areas of China in Yangize River estuary [J]. Joumnal of the Yangtze River Acade-
[J]. Advances in Marine Science, 2021,39(1):20-29. (in Chinese)) my of Sciences, 2015(5):25-31,40. (in Chinese))

[7) KANG J W, MOON S R, PARK § J, et al. Analysing sca level xise (1] ‘Cybbk (00045, bRt ik BOUBRBFEL. TDede
and tide characteristics change driven by coastal construction at W B3R, 2005,24(4):121-123. (WANG Miaolin, FU Hua,

Mokpo Coastal Zone in Korea [J]. Ocean Engineering, 2008,36(6). LIU Dechun. Study on prediction model of annual maximum water
[8] LEE T L. Back —propagation neural network for long—term tidal
predictions [J]. Ocean Engineering, 2004,31(2):225-238.

HOKAR. BT T RS LA — LA Va1
[D]. 7. J PR, 2017. (HUANG Yongjun. Research on Sea

level at Cuntan station [J]. Journal of Chongqing Jiaotong Univer-

sity, 2005,24(4):121-123. (in Chinese))
[9

[16] DBBM K. A x* goodness—of—fit test for Markov renewal processes-
goodness—of—fit test for Markov renewal processes [J]. Annals of

Dike Design High Water Level under Environmental Change — Tak- the Tnstitute of Statistical Mathematics, 1973,

[17] G, W R, RICHARDSON S, SPIEGELHALTER D. Markov Chain
Monte Carlo in Practice [M]. CRC Press: 2013-04-18.

[18] CHRISTIAN P R, GEORGE C. Monte Carlo Statistical Methods
[M]. Springer, New York, NY: 2004-01-01.

[19] FE5KMG. 1 BOHVE O 3L B9 43T J]. 7K SC, 1985(3):11-18.
(HUA Jiapeng. Analysis of design tide level of Huangpu estuary
in Shanghai [J]. Journal of China Hydrology, 1985(3):11-18. (in Chi-

ing Coastal Area of Guangxi as an Example [D]. Nanning: Guangxi
University, 2017. (in Chinese))

[10] BRHSE, gl Uy 2 LU ACHT Y [D]. R AT TR,
2005. (CHEN Qixing, Study on Methods of Long-Range Hydrolog-
ic Forecast by Comparison in Shanghai [D]. Nanjing: Hohai Uni-
versity, 2005. (in Chinese))

[11] WU C, HUANG G, WU S. Risk analysis of combination of short

duration rainstorm and tidal level based on Copula function in

Guangzhou [J]. Journal of Hydroelectric Engineering, 2014,33(2): nese))

33-40. [20] SL/T 278-2020, KF/KHL T F/K SCHARIVES]. (ST 278-2020,
[12] BARTELS R. The rank version of von Neumann’s ratio test for Specification for Hydrologic Computation of Water and Hydropow-

randomness [J]. Publications of the American Statistical Associa- er Projects [S]. (in Chinese))

Influence of Extreme High Tide Scenario on Design High Tide Level in Shanghai Wusong Estuary
LIU Hongkuan'?

(1. Shanghai Water Engineering Design and Research Institute Company Limited, Shanghai 200061, China;
2. Shanghai Engineering Research Center of Coastal Zones, Shanghai 200061, China)

Abstract: To research the influence of extreme high tide level on the design high tide level (once in a thousand years) at
Shanghai Wusong estuary, this paper studied its annual design high tide level from 1985 to 2018 by using unbiased estimation to
calculate the initial value of P-III statistics. The results show that the extreme high tide level generated during Typhoon 9711 and
0012 increase by 0.184m and 0.128m respectively. For the future scenario, MCMC and metropolis Hastings are used to generate
1000 groups of sample sequences that are consistent with the trend of historical series, and analyze the influence of three different
times of extreme high tide levels on the design high tide level in 2050 for the next 30 years, the results are about 2cm, 14cm
and 24cm higher than the cwrent 6.58m (2018). On average, for every exira exireme high tide that encountered, the design high
tide level rises about 10-12cm.

Keywords: design high tide level; Wusong estuary; Metropolis—Hastings; extreme high tide level; random simulation



