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Table 1 The type of tidal asymmetry
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Fig. 1 Schematic diagram of the theoretical model based on

the data of Humber Estuary!*'!
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The black dot lines from top to bottom show the high water level, the

mean water level and the low water level, respectively
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Fig. 2 Schematic diagram of different cross sections
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Table 2 The summary of different cross sections
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Table 3 The summary of different plan forms
¥ SIS K /km 293 ke /m’ Wi e /km #lE
a TEBIN A (5ik) 80 1.47x10° 18.3
b AR 36 147107 - AR 14k
d TRBA A (55) 80 - 60

T — A

i TR WU A R 0.98 m/s Fl 1.04 m/s, Y W B I
HE TR) B, AN [ = O T e ) e R R A 25 R K,
T e T L ) 3 R A R B e KR L 2R 115 mys,
28 ) e I 11 3 i R R e RO R 2 Ol 1.35 ms.
ARG P& IR R T 7, R A, A RN, VR D

4

BF K, ERIE T A R A, T T R ) ki
R0 R R A [ B gk 5 T ) i R A R ) 7 T
TR DR T S T M A IR A R U R 240 A2 A O A A I
1y 1.13 5

T T T 4
- - SRR A
3 — LR 13
- SRR e Y
- - AR Y
2L — AR 1,
—-- TR e A
N — ki .
£ &
(1Y I A/ S AN o
apEEEREEYTT NREEEEe y
/g i) S
720 TI/2 IT 3TI/2 2{2
fif /b

&l 3

A ) e PR LA R A i) = A% R 14 9 0 DR TR - 49 7 S 1 14 8 pid AR

Fig. 3 The change of cross-sectionally averaged along-channel velocities in estuaries with different tidal width and channel depth
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Fig. 4 Cross-sectional distribution of the along-channel depth averaged velocities in estuaries with different tidal width and channel depth

under different tidal levels
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Fig. 5 Changes of relative tidal phase along the channel in es-

tuaries with different cross sections
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Table 4 The along-channel averaged relative tidal phases of

estuaries with different cross sections
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Table 5 The along-channel averaged relative tidal phases of

estuaries with different plan forms
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Fig. 7 Residual currents in estuaries with different plan forms
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Fig. 8 Changes of relative tidal phase along the channel in es-

tuaries with different convergence
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A numerical simulation study on the response of tidal
asymmetry to estuarine morphologies

Zhou Zeng -, Chen Luying®, Jiang Chunhai®, Chu Ao”, Ian Townend®, Zhang Changkuan’

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. Jiangsu
Key Laboratory of Coast Ocean Resources Development and Environment Security, Hohai University, Nanjing 210098, China; 3. Shanghai
Engineering Consulting (Group) Co. Ltd., Shanghai 200335, China; 4. School of Ocean and Earth Science, University of Southampton,
Southampton SO17 1BJ, UK)

Abstract: Estuarine morphologies play an important role on tidal asymmetry. A two-dimensional numerical model
is established with the Humber Estuary, UK as a reference site. A series of simulations are designed to examine the
effects of the estuary cross-section shape, planform and convergence on the development of tidal asymmetry, whilst
maintaining the same tidal prism. Model results show that deeper channels result in the lag and enhancement of
phase difference whilst shallower channels result in a decline in the maximum ebb-tide velocity and longer period
of ebb tide, and the estuary tends to be flood-dominated; narrow tidal flat tends to favour ebb dominance while
broad tidal flat tends to favour flood dominance. Flood dominance is strongest in the convergent and long estuary.
In addition, narrowing the estuary width will enhance the residual flow velocity of the main channel but weaken the
residual flow velocity of the tidal flat. With the increase in estuary convergence, the residual flow velocity of the
main channel increases but decreases on the tidal flat, and strengthen the flood dominance of the tidal flat. This pa-
per further improves the research on the influence of estuary landforms on tidal asymmetry, which has certain guid-

ing significance for reclamation and coastal engineering.

Key words: tidal asymmetry; estuarine morphology; stability relationships; tidal flats and channels; residual velocity; har-

monic analysis
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