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Near-inertial Internal Gravity Waves in the Deep Layer of Toyama Bay

Yurika EcHico", Yutaka Isopa” and Tomoharu SENyyU?

Abstract

The present study analyses current velocity data moored in Toyama Bay, where the incidence of near-inertial waves is
restricted to southward propagation from the north, and provides evidence of their southward propagation from the flattened
shape of the observed velocity ellipse. The results support the existence of near-inertial waves in a non-traditional f-plane’ as
pointed out by Echigo ef al. (2022). Furthermore, the ray-path of its southward propagating near-inertial waves was found to
be almost identical to the upward angle of the reflected waves and the slope gradient of the seabed near the bay-head.  The rotat-
ing oscillatory currents associated with these near-inertial waves are expected to roll up the seabed mud and generate the turbidity

flows.
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(a) Bottom topography around the Japan Sea with three isobaths of 400 m (black ; N~10f;), 1,000 m (red ; N~4f;) and 1,800
m (blue ; N~2f;). Bottom Water (BW) Areas deeper than 2,600 m (N~f;) and 3,500 m are highlighted by gray and black,
respectively. Locations of the Japan Basin (JB), Yamato Basin (YB), Yamato Rise (YR), Ulleung Basin (UB), Tsushima/
Korean Strait (TKs), Soya Strait (SYs), Tsugaru Strait (SGs), Hokkaido (HK), Honshu (HS), Korean peninsula (Kp) and
Russia (RS) are shown. (b) Enlarged bottom topography around the Toyama Bay with isobaths every 200 m (black thin
line) and every 1,000 m (black thick line). Red closed circle at SO7 shows the site of mooring from August 2007 to August
2008 by Senjyu (2022). Black, dark gray and light gray circles mean the sites of CTD1, CTD2 and CTD3 respectively,
around the Toyama Bay from 2008 to 2020 by the Japan Meteorological Agency or the observation accompanying Senjyu

(2022).
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Fig. 2.  Vertical profiles of buoyancy frequency (V) computed from the potential density observed at CTD1 (black), CTD2 (dark
gray) and CTD3 (light gray) shown in Fig.1 (b). f; denotes the local inertial frequency. Red line is simplified vertical pro-
file of buoyancy frequency (V) from three observed N. It is expressed by power math function ; N = 20.8P'-*¢.
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Fig.3. The horizontal current ellipses at frequency o = 1.03 f;, which are divided into (a) incident wave and (b) reflected wave.
The propagation angles are 6 = 90°,67.5°,45°and 0° when N =10 f;,4 /;,2 f; and f;. These were calculated using the
analysis method proposed by Echigo et al. (2022). The top is the north side, and the propagation direction is shown by an
arrow. Blue and red ellipses show clockwise and anti-clockwise rotation, respectively.
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Fig. 4. Time series of raw velocity for EW (blue) and NS (red) components (,v) of (a) 900 m and (b) 1,380 m at SO7.
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Fig. 5. Rotary frequency spectra for horizontal current of (a) 900 m and (b) 1,380 m (August 13, 2007, to July 20, 2008). Blue and
red lines represent the components of clockwise and anti-clockwise rotation respectively. Symbols of K1, O1, M2, and S2
are four major tidal constituents. (c) Response function to frequency by the HAB method used for the near-inertial varia-
tion with 19.7-hour period.
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(@) Time series of 40-hour running mean current vector at 900 m (red) and 1,380 m (blue).  Senjyu (2022) defined the major

principal axis in the direction which the standard deviations are maximal in a hodograph, and then estimated the predominant
direction, i.e., 41° and 16.8° from north for 900 m and 1,380 m, respectively. Time series of axis component for each pre-
dominant direction are shown in (b). Time series for the “near-inertial” band-passed currents of 900 m (red) and 1,380 m

(blue) ; (c) amplitude and (e) phase difference Ao between both sites (black).

Values with a cross mark (circle) in (¢) mean

that the corresponding amplitude is less than 0.5 (1.0) cm s, and thus their reliability is somewhat low. A black circle is
marked when both amplitude values at both depths are above 1 cm s™ and an open circle when one of the two is above 1 cm

s'. For convenience, the disturbances of near-inertial variation are divided every 30 days for 12 periods.

(d) Hodograph

of the “near-inertial” band-passed currents at each site for every 12 periods.
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Ray paths for a wave whose properties vary with vertical coordinate z under the simple stratification in Fig. 2 (red line).

Wave packets are set to reflect at center point of the figure, showing the incident/reflected near-inertial waves (o =1.03 f)
for various propagation angles from 0° to 90°. Around the reflected point is enlarged.
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(a) Bottom topography around the Toyama Bay same as Fig.1 (b) but dotted in light blue at the deepest site every 0.5 minutes
in latitude. Sea bottom slope is illustrated in (b) by putting light blue dots to correspond with the horizontal distance and
depth. Seven points including S07 (red dots in (a)) are selected to show ray path reflecting at each site.  Its propagation angle
is @ = 90°, showing the incident (red dotted line)/reflected (red solid line) near-inertial waves (o =1.03 f;). To confirm

asymmetry of meridional southward propagation easily, west-ward propagation (9 = (°) is illustrated for the most offshore
point.
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