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Fig.1 The Changjiang River estuary
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The Effect of Periodic Stratification on the Vertical Structure of the
Tidal Ellipse at the North Passage in the Changjiang River Estuary

PU Xiang'*?,SHI John Z"**, HU Guo-dong®
(1. School of Naval Architecture » Ocean and Civil Engineering » Shanghai Jiao Tong University » Shanghai 2000303
2. State Key Laboratory of Ocean Engineering , Shanghai 200030 ;
3. Collaborative Innovation Center for Advanced Ship and Deep-Sea Ex ploration, Shanghai 200030 ;
4. Survey Bureau of Hydrology and Water Resources of the Changjiang River Estuary ,
Changjiang Water Resources Commission , Shanghai 200136)

Abstract: Based on the field data of current velocities and salinities, by using the equation of the bulk Rich-
ardson number and the theory of harmonic tidal analysis, this study quantitatively analyzes the possible
effect of stratification on the vertical structure of the M, semidiurnal tidal ellipse at the North Passage in
the Changjiang River estuary. Results show that stratification is much stronger on a neap tide than that on
a spring tide. A pycnocline occurs at each station on a neap tide only. The tidal ellipses degenerate to recti-
linear motion at each layer of the water column at landward stations within the dike-groyne system, while
they rotate clockwise at seaward stations outside the dike-groyne system. The surface-to-bottom ellipticity
difference appears to have a clear positive and linear relationship with the bulk Richardson number mainly
on a neap tide, indicating the significant effect of stratification on vertical structure of the tidal ellipse. The
surface-to-bottom inclination angle difference of the tidal ellipse could reach up to about 40° at a seaward
station outside the dike-groyne system on a neap tide but less than 10° on a spring tide. Vertical phase
shifts of the tidal ellipses range from 20° to 50° at most stations on a neap tide, while they are less than 10°
on a spring tide, indicating significant neap-spring variability. Sudden inclination and vertical phase shift of
the tidal ellipses, which account for the most part of the entire vertical variability, occur at the pycnocline.
A significant reduction in the eddy viscosity at the pycnocline seems to be the major physical factor respon-
sible for the vertical variability of ellipticity, inclination and phase of the tidal ellipses on a strongly strati-
fied neap tide.

Key words: tidal ellipse; stratification; pycnocline; ellipticity; the North Passage; the Changjiang
River estuary
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