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Impact of tides and winds on currents in the Malacca Strait
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Abstract: A high-resolution hydrodynamic numerical model of the Malacca Strait and its adjacent sea was established using
the unstructured Finite-Volume Community Ocean Model (FVCOM). The residual circulation structures and water transport
caused by tides and winds were studied. The results show that the movements of tidal currents in the middle channel of the
Malacca Strait are dominated by rectilinear currents with rotary currents at the edge, and that the velocities of ebb tides are
slightly larger than those of flood tides in the main study domain. The southeast narrow channel is the region with the largest
velocities of currents. The tidal currents show multiple convergence and divergence due to the great changes of topography,
with three major residual circulations in the Malacca Strait. Forced by the idealized northeast monsoon used in the model, the
currents in the Malacca Strait flow to the northwest, while the situation during the southwest monsoon is reversed. During the
monsoon period, the residual circulation in the surface layer is destroyed, but still exists in the bottom layer; and as the wind
becomes stronger, the number, size, shape, and position of the residual circulation in the bottom layer change. During the

inter-monsoon period, the residual current structures change partly during spring tide, but significant change occurs during
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neap tide under the effect of winds.
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Fig. 1 Bathymetry of the Malacca Strait and its adjacent

sea, and the distribution of tide gauge stations(S1~S10)
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Fig. 2 Unstructured triangular grids of computational domain: (a) grids of total domain in model, and (b) grids of main study
domain, which is divided into three parts (domains , ,and ) for discussion In order to display the flow or current fields
more clearly, boundaries of domains , ,and will not be showed in Fig. 6~13.
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Fig. 3 Verification of tidal height. The dots represent observed water level, and the lines represent modeled water level
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Fig. 4 Cotidal chart of the M, tide in case 1. White line is Fig. 5 Tidal ellipse of the M, tide in case 1. The Red color
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Fig. 6 Typical surface flow field of the Malacca Strait during spring tide in case 1: (a) maximum flood tide, (b) flood slack
tide, (c) maximum ebb tide, and (d) ebb slack tide
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Fig. 7 Diagram of Euler residual current in case 1: (a) surface, and (b) bottom
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Fig. 8 Diagram of residual currents with different wind speeds during northeast monsoon in case 2
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Fig. 10 Diagrams of residual current during inter-monsoon month in case 2
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Fig. 11 Diagrams of residual currents with different wind speeds during southwest monsoon in case 2
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Fig. 12 Diagrams of residual currents with different wind speeds during northeast monsoon in case 3
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Fig. 13 Diagrams of residual currents with different wind speeds during southwest monsoon in case 3
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