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Nonlinearly Interacting Triad of Gyroscopic Waves at the Bottom Water in the Japan Sea

Umihiko ITon", Yutaka Isopa” and Tomoharu SEnyyu?

Abstract

We focus on the motions at frequencies close to the local inertial frequency (f; ; vertical component of the Earth’s rotation),
i.e., near-inertial waves, at the great depths (> 2,500 m) in the Japan Sea. In this confined basin, deep stratification is very weak,
especially buoyancy frequency N~0 at the Bottom Water (BW) where the horizontal component of the Earth’s rotation (f.) vec-
tor becomes more important for the generation of gyroscopic waves (GsW). The combined effect of both £; and £ is called
‘non-traditional” effect for linear internal waves. At first, we review that non-traditional effects change the dynamics of near-
inertial waves through our original physical interpretation. Its effect is also shown to enable an irreversible transformation of
vertical low-wavenumber into vertical high-wavenumber in the BW, when southward propagating near-inertial GsW reflects at
the sea bottom.  Such transition suggests the predominant near-inertial oscillation of vertical shear currents, which may provide

new mechanism for effective mixing in the BW. In later section, as one of the candidates for vertical mixing process, ‘nonlin-
early interacting triad of GsW” is studied in the framework of a fully nonlinear non-hydrostatic numerical model.
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Fig. 1. Bottom topography around the Japan Sea.  Yellow circle

of Al indicates a location of CTD observation on July in
2016. Locations of Japan Basin (JB), Yamato Basin
(YB), Yamato Rise (YR), Ulleung Basin (UB), Tsushima/
Korean Strait (TKs), Tsugaru Strait (TGs), Soya Strait
(Sys), Honshu (HS), Hokkaido (HK), Korean peninsula
(Kp) and Russia (RS) are denoted.
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(a) Vertical profiles of potential temperature (red ; ), salinity (blue ; S) and potential density (green ; o) observed at the
(b) Same profiles of (a) but the indication with extended range below 1,000 db depth.

(c) Vertical profile of

buoyancy frequency (V) calculated from the potential density.
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Constant frequency (o) distributions in wavenumber (K, m) space for buoyancy frequencies of (a) N=0, (b) N=f, (c) N=

2f,, (d) N=4f,. Upper and lower panels are zonal (6 = 0°) and meridional (6 = 90°) propagations, respectively.
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Dispersion relations (frequency versus wavenumber) for (a) zonal (6 = 0°) and (b) meridional (6 = 90°) propagations at lati-

tude ®=40°, both for buoyancy frequency N = 2f. Upper and lower panels are single wave and modal wave, respec-

tively.
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space for each example. Arrow schematically shows the group velocity vector Cg of o = 1.01f..
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Fig. 12. Resonance combination triad (o, o, 03) of meridional propagating GsW, drawing on frequency distribution in 2-dimen-

sional wavenumber space (m, I, k = 0).

Solid curve line in left panel is resonance surface for o, = 1.25f. Three vectors

show special triad between o = 1.25f; (thin arrow), o, = 0f; (thick arrow) and o3 = 1.25f; (dotted arrow). Right panel indi-
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