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Vertical datum transformation modeling in Hangzhou Bay
with optimized bottom friction coefficients
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Abstract: Due to the combined effects of the Qiantang River’s powerful tidal bore and the intricate topography of
the Zhoushan Archipelago, the Hangzhou Bay region experiences intense water level fluctuations and complex
hydrodynamic conditions, making datum conversion challenging. Finite volume community ocean model
(FVCOM) tidal wave numerical simulation, integrated with sea surface topography and a refined geoid model,
was employed to carry out the study. To address the sensitivity of bottom friction coefficients to tidal wave
propagation characteristics in tidal models, an improved method for optimizing bottom friction coefficients based
on a cost function was proposed. Unlike the constant bottom friction setting commonly used in traditional tidal
simulations, this method constructed a cost function using measured water level data to derive spatially
distributed bottom friction coefficients, which more accurately reflected the process of tidal wave propagation.
Comparison results indicate that the mean absolute error of the four major tidal constituents decreased from 5.7
to 3.4 cm after optimization, with an increase of approximately 40% in accuracy. Based on this, a seamless
bathymetric datum model for the Hangzhou Bay region was established. After correction, the mean error in the

bathymetric datum decreased from 18. 6 to 7. 8 cm, while the mean error in the datum transformation model was
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11. 21 cm. These results meet the vertical uncertainty requirements for bathymetric measurements specified in
the regulations of International Hydrographic Organization (IHO), providing a reference for subsequent
development of vertical datum transformation models in estuarine waters.

Key words: Hangzhou Bay; hydrodynamic model; bottom friction coefficient; vertical datum transformation;

wave numerical simulation
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Fig. 2 TIllustration of dynamic mechanisms affecting water level variations in estuarine regions
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Fig. 4 Comparison results of two groups with different friction coefficients at the bottom
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Table 2 Comparison of verification station naval L-values, calculated L-Values, and revised results

9 4% /°N ZE/E WBELME/m WL/ m TIER L E/m ITIERTRZEXNE/m ITIERR2ZELXHE/m

W F 30. 617 121.617 2.76 3.136 2. 892 0.376 0.132
&1l 30. 233 122. 200 2.30 2.582 2.329 0.282 0.029
bigliit 30. 376 120. 914 4,14 3.578 4,081 0.563 0.059
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R 2 1 40 S A R R R R TR VA TR b T R R b K Y TED 3 AR A (Y v 5 25 L B R A e O o A e A 1Y
IR ZAE N 11. 21 em,
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3
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