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Highlights

	•
	We review the processes controlling the net flow through shallow straits.

	•
	We examine the effects of tide, wind and long wave on the flushing of Bohai Sea.

	•
	Far-field long wave originating in the East China Sea is important to Bohai Strait.

	•
	The influence of river runoff (e.g. Yellow River) on the flushing is negligible.




Abstract
We review the key processes controlling the net water circulation in shallow straits. The circulation is mainly barotropic, driven by the difference in mean sea level and tides on either side of the strait, the wind, the meandering of the currents in the adjoining seas, the bathymetry including the shape and width of the mouths and the presence of narrows, shoals, sills, islands, and lateral embayments. As the oceanography forcing can be non-synchronised on either side of the strait, the resulting net currents through the strait may appear chaotic. We apply these findings to the net circulation through the Bohai Strait in China using local wind, remote-sensing data of currents and sea level, and a hydrodynamic model. The net currents through the Bohai Strait were episodic. They were largest during winter storms when the wind generated a cyclonic coastal current in the northern Yellow Sea that flowed across the width of the Bohai Strait. Like the Luzon Strait, this current meandered and a branch of the current intruded into the northern Bohai Strait along the deeper channel. The wind set-up in the Bohai Sea and the wind-driven longshore current in the southern Bohai Sea generated a seaward flow through the southern Bohai Strait, somewhat like in Irbe Strait. As with the straits of the Seto Inland Sea, stagnation occurred in some embayments. As in the Torres Strait, the islands in the southern Bohai Strait retarded the net flow and increased the width of the outflow zone. These flows were also modulated at very long periods (∼60 days) by long waves in the Yellow Sea, possibly generated by meandering of the Kuroshio Current that created an additional sea level slope through the strait. The transit time in the Bohai Strait was 60 and 10 days, respectively, during calm weather and winter storms. The residence time in the Bohai Sea was estimated to be about 1.68 years by the LOICZ model and 1.56 years by the hydrodynamic model, and the influence of the river runoff, including the Yellow River, was negligible.
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1. Introduction
A strait is a natural waterway that connects two large bodies of water. There are at least 194 straits in the world (http://en.wikipedia.org/wiki/List_of_straits). Straits are important for the oceanographic circulation in the world and the ecology of oceans and seas and shelf waters because they enable a connectivity between adjoining water bodies. They are important culturally, economically and strategically and, indeed, wars have been fought over them.
It has been 24 years since Pratt (1990) published his book on the physical oceanography of straits. Research on the dynamics of straits has much advanced since that time and the literature is wide and scattered. Thus we first aim to provide a short review of the circulation in straits, focusing on the key processes controlling the net circulation with an emphasis on shallow straits. We then apply these findings to the net circulation in the Bohai Strait in China (Fig. 1). The Bohai Strait separates the Bohai Sea from the Yellow Sea. The Bohai Sea is a relatively flat continental shelf embayment, with an average depth of about 20 m. The strait is 100 km wide and relatively short (∼30 km) and has a relative complex bathymetry with several islands in the south; over most of its width the strait is shallow (depth typically less than 20 m) but has a narrow and deep channel (maximum depth ∼ 75 m) in the far north of the strait.
	

	Fig. 1. (a) Location map of the Bohai Sea and Yellow Sea with depth in m (sites Y and Z, labelled black dot). (b) Details of the bathymetry (depth in m) in the Bohai Sea and Bohai Strait. (c) Location map of the site where data were obtained for currents (sites A and B, labelled *), wind (+), and mean sea level (sites 1 and 2, labelled O) around the Bohai Strait.
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Over the past few decades, the water circulation in the Bohai Strait and Bohai Sea has been studied mainly on the basis of numerical models, for which much uncertainty exists because the current meter data needed for model verification are classified and thus unavailable. From these modeling studies, it was suggested that Yellow Sea waters enter Bohai Strait in the north while Bohai Sea water flows out to the Yellow Sea through the strait in the south (Huang et al., 1999, Fang et al., 2000, Cheng et al., 2004, Hainbucher et al., 2004, Li et al., 2005, Lu et al., 2011 and Liu et al., 2012). These models were also used to estimate the residence time in the Bohai Sea. However, these calculations may be sensitive on the value of the horizontal eddy diffusion coefficient, which is unknown a priori. Hainbucher et al. (2004) did not include horizontal eddy diffusion in their ocean mixing model and Liu et al. (2012) chose a value of the horizontal eddy diffusion coefficient to be 15 m2 s−1. However typical value could be higher, probably of the order of 25 m2 s−1 (Hrycik et al., 2013) and possibly up to 100 m2 s−1 especially during storms (Alosairi et al., 2011 and Uncles and Torres, 2013).
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