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Figure2 (Color online) Comparison of measured and simulated tidal elevations for Jianhe Estuary and Beitang
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Figure3 Change of M, constituent tide ((a)—(f)) and K, constituent tide ((g)~(l)) in different years
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Figure5 (Color online) Location of M, constituent tide amphidromic point at different reclamation stages
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Cumulative impacts of high intensity reclamation in Bohai Bay
on tidal wave system and its mechanism

HOU QingZhi, LU Yongdun & WANG ZhiLi

State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China
* Corresponding author, E-mail: yjlu@nhri.cn

Contiguous mudflats exist along the coast zone of the Bohai Bay in the western part of the Bohai Sea of China. They are
generally suitable for land reclamation, which can ease the contradiction between land resource shortage and the demand for
development, because mudflats are important geomorphological systems which provide land resources. The shoreline at the
Bohai Bay has experienced significant changes since 2003 due to high intensity reclamation. Environmental impacts of
reclamation at different stages, especially on the tidal wave system, have attracted worldwide attention. However, there is still a
lack of understanding on the cumulative response process of the tidal wave system and its response mechanism to high intensity
development of mudflats. In this study, six periods were selected as representative reclamation stages in the Bohai Bay: 2003,
2006, 2012, future planning, and 0 m and —5 m reclamation stages. A two-dimensiona tidal wave mathematical model was
developed to analyze the cumulative changing process and dominant mechanism of the change of the tidal wave system by
comparing effects of reclamation of the entire bay and cumulative effects of sequential reclamation projects, as well as studying
the relations between the tidal wave change and tidal range on the shore segment where the reclamation project is located.
Based on the analysis results, the influence of reclamation in the Bohai Bay on the M, constituent tide was much greater than
that on the K; constituent tide, especially on the M, constituent tide amphidromic point outside of the Y ellow River mouth. The
movement distance of the M, constituent tide amphidromic point outside the Yellow River mouth for the aforementioned
reclamation stages compared to its location in 2003 was about 1, 10, 22.5, 27.3, and 83.8 km, respectively. In contrast, the
maximum movement distance of the other M, constituent tide amphidromic point outside Qinhuangdao and the unique K,
constituent tide amphidromic point in the Bohai Sea for the aforementioned reclamation stages compared to their conditions in
2003 were about 5.9 and 6.3 km, respectively. With the increase of the reclamation scale, the M, constituent tide amphidromic
point outside of the Yellow River mouth first moved southeastward, and then moved northeastward, and the tidal range of the
western Bohai Bay first increased and then decreased, while the speed of tidal wave propagation first accelerated and then
stabilized during the O m reclamation stage. During the =5 m reclamation stage, the tidal wave system experienced obvious
changes, however, the tidal properties inside the bay remained the same. The average tidal current velocity of the bay decreased
with the increase of the reclamation scale, and the tidal current velocity of 2003, 2012, future planning and —5 m reclamation
stages were 0.33-0.37, 0.3-0.34, 0.29-0.31, and 0.16-0.17 m/s, respectively. When reclamation projects were performed one
by one counterclockwise from Caofeidian (future planning) in the north to south until all the future planned reclamation
projects were completed, the M, constituent tide amphidromic point first moved southwestward, and then moved southeastward.
In semi-closed bays influenced by rotational tidal wave, the impact intensity of reclamation projects to the tidal wave system
depends mostly on the tidal range of the coast where the reclamation projects are located. The greater the tidal range, the more
obvious the effects of the reclamation projects will be on the tidal wave system. Continuous reclamation will increase flooding
risks and tendency of siltation in the bay, weaken the water exchange rate in the bay, affect scouring and silting, as well as
impact the design and defense standards of coastal engineering projects near the Y ellow River mouth.

Bohai Bay, high-intensity reclamation, mudflat, tidal wave system, cumulative impacts, numerical simulation
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