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The Sea of Okhotsk as a subject of Geophysical Fluid Dynamics
Kay I. Ohshima™?

The circulation and characteristic oceanic phenomena in the Sea of Okhotsk have been clariyed for the past 20
years. These phenomena serve as good subjects of Geophysical Fluid Dynamics, which is applied to the following
phenomena. 1. Offshore branch of the East Sakhalin Current interpreted as a western boundary current and the
Sverdrup balance, 2. Coastal branch of the East Sakhalin Current interpreted as Arrested Topographic Waves by the
alongshore wind stress, 3. Tidal currents ampliyed by diurnal Topographic Rossby Waves, 4. Rossby Normal Modes
in the Kuril Basin, 5. Barotropic instability of the Soya Warm Current, 6. Baroclinic instability associated with

strong mixing near the Kuril Straits, 7. Dynamical interaction between sea ice and coastal ocean.
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Figure 1: Schematic of near-surface circulation for the Sea of
Okhotsk. Thicker arrows represent the stronger flow. The East
Sakhalin Current (ESC) is composed of two (coastal and offshore)
branches. SWC represents the Soya Warm Current. Modified from
Ohshima et al. (2002).
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Figure 2: A chart of geopotential anomaly of 100-dbar surface
relative to 1000-dbar surface in dynamic meters T10. For the value of
geopotential anomaly in the area shallower than the reference level of
1000 dbar, an extrapolation is made. The 500- and 1000-m isobaths
are superimposed. Modiyed from Ohshima et al. (2004).
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Figure 3: Zonal section of density ((i,) across 53AN, derived from the
historical hydrographic data. Modiyed from Ohshima et al. (2004).
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Figure 4: (a) Schematic of the Arrested Topographic Wave
(ATW) and its transport, generated by the alongshore wind stress.
(b) Schematic of the two branch mechanism of the East Sakhalin
Current. The coastal branch is interpreted as the ATW, driven by the
alongshore wind stress. The offshore branch is interpreted as the
western boundary current of the cyclonic gyre, driven by the positive
wind stress curl. Modiyed from Ohshima (2018).
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Figure 5: (a) Time series of velocity at 50 m depth over the east
Sakhalin shelf from August 1998 to July 1999, measured with the
bottom-mounted ADCP (red lines), and simulated in the model

experiment (blue lines). Volume transport predicted by ATW theory
is also superimposed as green lines (scale of left axis is reduced by
1/100 in Sv units). Modiyed from Ohshima and Simizu (2008).
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Figure 6: Spatial plots of complex demodulation at diurnal (24
hour) period around the east Sakhalin shelf. Time series of each
drifter velocities are segmented to 2 day intervals, and the complex
demodulation is performed for each segment. Then the result is
represented by the current ellipse with its center corresponding to
the location at the intermediate time of the segment. No signal points
are indicated by green crosses. The 200 m isobaths are indicated by
red-purple lines. The 100-, 500-, and 1000-m isobaths are indicated
by thin black lines. KB indicates Kashevarov Bank. Modified from
Ohshima et al. (2002).
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Figure 7: Comparison of K, tidal current ellipses between (a)
the observation and (b) the CTW solution along the lines A and B
indicated in Fig. 6. Modiyed from Ono et al. (2008).
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Figure 8: (a) Dispersion curves for the yrst-mode CTW computed for

the depth proyles along the lines A (dashed curves), B (solid curves),

and C (dotted curves) indicated in Fig. 6. Horizontal thin lines indicate

the frequencies of the K, and O, along the line A. (b) The cross-shelf

modal structure of alongshore velocity of the yrst-mode CTW at K,

period for the line B. Modiyed from Ono et al. (2008).
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Figure 9: (a)The radial—vertical sections of tidal current ellipses for

the gravest mode of the first azimuthal wavenumber from the sea-

mount trapped wave for the topography of Kashevarov Bank. (b) The

tidal current ellipses over Kashevarov Bank observed by the ADCP.

(Location of the ADCP is indicated by the arrow). Modiyed from Ono

et al. (2006).
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Figure 10: Spatial amplitude of the third mode of CEOF calculated
from sea surface height anomaly (SSHa) derived from the satellite
altimeters in the Sea of Okhotsk. The domain of the idealized basin
used to model the Rossby normal modes is represented by the pink
line box. The solid yellow line represents the 3200m isobath and the
gray isolines represent the 200, 2000, and 3000 m isobaths. Modiyed
from Mensah and Ohshima (2020).
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Table 1: Averaged properties of the CEOF mode 3 events of SSHa
from 1993 to 2018 and the properties of barotropic, yrst and second
baroclinic Rossby waves, and barotropic Rossby normal modes (M,
and M,,) in the Kuril Basin. Modified from Mensah and Ohshima
(2020).
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Figure 11: Rossby normal mode decomposition. (a) Envelope and

(b) snapshot of carrier wave of the M;; Rossby normal mode. (c)

Envelope and (d) snapshot of carrier wave of the M,, Rossby normal

mode. Modiyed from Mensah and Ohshima (2020).
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Figure 12: Time series of observed sea surface height anomaly

(SSHa) during 28 Nov 2010 T 5 Jul 2011 at (a) day 10, (b) day 40, (c)

day 70, (d) day 100, and (e) day 130. [(ad)¥1(ed)] SSHa obtained on the

same days via the best ytting of Rossby normal modes M,;; and M,

onto the data. The thin and thick black contours interval for SSHa is 5

and 10 cm, respectively. The thick and thin dark green lines represent

the 3200 and 1500m isobaths, respectively. The domain of the

idealized basin used to model the Rossby normal modes is represented

by the black line box in (a) and (ad). Modified from Mensah and

Ohshima (2020).
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