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Figure 1 Schematic diagram of the Kuroshio and its intrusion paths to
the China’s coastal seas. The thick dark red line indicates the
climatological axis of the Kuroshio, derived from Global Drifter
Program database. The green line, orange line and blue line represent
the leaping path, the leaking path, and the looping path, respectively,
adapted from Nan et al.""®(2011). The two intrusion paths of Kuroshio
off the northeastern coast of Taiwan Island are redrawn from Yang et
al.l'((2011). KBBCNT denotes the Kuroshio Bottom Branch Current to
the Northeast of Taiwan Island; UW stands for upwelling. Three
transects (black dashed lines) with hollow arrows illustrate water volume
transports across each section in the East China Sea
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Figure 2 Schematic diagram of the Kuroshio and its intrusion paths to
the East China Sea (ECS), together with upwelling zones and hypoxic
zones. The intrusion pathways of the Kuroshio and its multi-layer
branches into the ECS are redrawn from Yang et al.’”(2017); NKBC
and OKBC denote the nearshore Kuroshio branch and offshore Kuroshio
branch, respectively
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Figure 3 Three-dimensional schematic of the interactive Kuroshio and East China Sea shelf currents. Redrawn from Liu et al.'l(2021). TSC, TWWC,
TSWC, and STCC denote the Taiwan Strait Current, the Taiwan Warm Current, the Tsushima Warm Current, and the Subtropical Countercurrent in the
Pacific, respectively. The Ryukyu Islands and other islands are removed to provide a clearer review of the Kuroshio’s main stream in the East China Sea,
the subtropical countercurrent east of Taiwan Island, and the associated mesoscale eddies. Also not shown are the detailed structures of TSC and TSWC,

the coastal and estuarine circulations in waters shallower than 30 m, and the Changjiang River plume and the Yellow Sea cold water mass
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Figure 4 Schematic diagram of dynamic characteristics on the East
China Sea continental shelf under the joint regulation of the Changjiang
diluted water and the intrusion of Kuroshio branch current
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Table 1 Direct observations of turbulent mixing at the shelf/shelf-break fronts in the East China Sea
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As the strongest western boundary current in the North Pacific Ocean, the Kuroshio is characterized by a narrow and swift
current carrying a large amount of volume transport. It starts from the northern branch of the North Equatorial Current at
the Philippine coast, flows along the eastern borders of the Luzon Island, Luzon Strait, Taiwan Island, East China Sea shelf/
slope and the southern coasts of Japan, separates from the Japanese coast at ~35°N and eventually enters the open Pacific
Ocean. The intensity of the Kuroshio transport generally increases as it flows along its path; moreover, the Kuroshio
transport also exhibits variability across multiple time scales, from intraseasonal to decadal, regulated by both large-scale
climatic factors, such as El Nifio-Southern Oscillation (ENSO) and Pacific Decadal Oscillation (PDO), and local dynamic
processes (such as wind fields and eddies). Given its large size and transport, the Kuroshio exerts a significant impact on
oceanic and atmospheric dynamics and energetics, at both global and regional scales, as well as on ocean ecological and
biogeochemical processes. This paper aims to provide a review of the research progress on the Kuroshio and its intrusion
into China’s coastal waters over the past two decades. The Kuroshio intrudes into China’s coastal waters primarily through
the Luzon Strait and the northeast of Taiwan Island. In the Luzon Strait, the intrusion intensity shows a seasonal pattern of
being strong in winter and weak in summer, regulated by the monsoon wind, B-effect, inertial effect, and island topography.
Furthermore, the PDO, ENSO, and mesoscale eddies further modulate the intrusion path and intensity. In the waters
northeast of Taiwan Island, the Kuroshio forms a two-branch structure consisting of nearshore and offshore branches, with
different seasonal variations of surface and subsurface intrusions. The dynamic mechanisms are mainly governed by the
joint effect of baroclinicity and relief (JEBAR) and the advection of potential vorticity (APV). The intrusion of the
Kuroshio exerts a number of conspicuous impacts on China’s coastal waters. Firstly, it significantly influences the multi-
scale dynamical processes in the China seas, including shelf circulations, mesoscale eddies, submesoscale fronts, etc.
Secondly, it can also markedly change the thermohaline structure and hence affect the stratification and mixing in China’s
coastal waters. Thirdly, the Kuroshio intrusion has a profound impact on the Chinese coastal ecological and
biogeochemical processes; for example, the Kuroshio brings a significant amount of nutrient-rich subsurface water to
China’s coastal waters, supports high-level primary productivity and modulates the coastal biological community structure
and ecological processes, etc. In terms of predictability research, methods such as data assimilation and deep learning have
provided new techniques for forecasting the Kuroshio intrusion, while the dynamical linkage between upstream and
downstream segments of the Kuroshio offers a physical basis for improving the prediction capability. In the next step, to
achieve better understanding of the Kuroshio and its intrusion into China’s coastal waters requires more in-depth studies on
(1) the coupling of multi-scale dynamics, (ii) the interactions of cross-scale dynamics and the linkages among different
segments of the Kuroshio along its axis, and (iii) the predictability of the Kuroshio intrusion.

Kuroshio, intrusion, South China Sea, East China Sea
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