Winter phytoplankton bloom induced by subsurface upwelling and mixed layer entrainment southwest of Luzon Strait
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Abstract

The South China Sea is the largest marginal sea in the western tropical Pacific. Several oceanographic studies of the SCS are related to Luzon Strait which connects the Western Pacific Ocean to the SCS, including Kuroshio intrusion, mesoscale eddies, and internal waves. Phytoplankton blooms appear in winter (Nov-Jan) in the southwest of Luzon Strait, South China Sea, which is an oligotrophic region in general. To understand dynamic features of the winter phytoplankton bloom southwest of Luzon Strait, this study analyzes seven years (2000-2006) of remote sensing data of Chlorophyll a, sea surface temperature, and ocean vector winds, along with in situ observations of dissolved oxygen, nutrients (nitrate, phosphate, and silicate), and physical oceanographic parameters mixed layer depth, Ekman pumping velocity, and entrainment velocity. The results demonstrate that the winter phytoplankton bloom in the southwest of Luzon Strait is primarily induced by both Ekman pumping-driven upwelling (observed at about 50 m under sea surface) and upper mixed layer entrainment. The area of winter phytoplankton blooms is about 2.58×104 km2, based on Empirical Orthogonal Function analysis. The seasonal variability of the bloom is associated with monsoonal wind forcing. 
Our analysis has helped to elucidate the contributions of a few physical forcing mechanisms to biological processes in this region. However, hydrological characteristics and bottom topography are complex in the vicinity of Luzon Strait, and additional processes may be important. Seasonal variations of Kuroshio intrusions in this area result in more mesoscale eddies in winter than in summer. Further study is needed to ascertain the degree to which mesoscale eddies could be involved in the formation of winter phytoplankton blooms in this area.
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