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GENERATION MECHANISM OF TIDALLY-DRIVEN WHIRLPOOLS
AT NARUTO STRAIT, JAPAN

Yusuke UCHIYAMA, Xu ZHANG and Shota YANASE

This study investigates the generation mechanism and influences on surrounding marine environment of
“Whirlpools at Naruto Strait”, which provide us an extraordinary seascape aimed at being registered as a
world natural heritage site, by using a state-of-the-art high-resoluttion numerical ocean circulation model-
ing technique in a quadruple nested configuration. We found that the pronounced pressure gradient force
associated with the meridional surface elevation difference is induced by a phase difference of bifurcating
two major tidal waves originated from Kitan Strait that eventually results in intensified tidal currents at
Naruto Strait. One branch of the tidal waves propagates counterclockwise along Awaji Island through
Akashi Strait, whereas the other comes directly from Kii Channel. Consequently, the whirlpool emerges as
a large number of submesoscale eddies primarily due to horizontal shear instability of tidal currents ener-
gized at the narrow gap topography between two headlands sticking out to the strait. A dipole of overturning
vertical circulations appears underneath the whirlpools with convergent downward transport at the strongest
tidal current near the center of the strait, leading to highly efficient vertical mixing. Such a three-dimen-
sional nonlinear mixing promotes a time-averaged southeastward mass transport that extracts the water and

materials from Harima-nada Sea to Kii Channel.
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