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Soya Warm Current Effectively Weakened by Easterly Wind

Yuji ONo", Yutaka Isopa?, Isao Kupo®, Akira MiyazoNo” and Syun ARITA?

Abstract

The subinertial variation of the Soya Warm Current (SWC) is investigated through the analysis of current records obtained
from the moored meters settled at three sites along the east coast of Hokkaido, during a period from April to October 2011.  We
found that the rapid decreases of southeastward SWC were frequently observed due to the strong easterly wind blowing, but the
inverse (westerly) wind with the similar amplitude never grew the strong SWC. To understand such asymmetrical response of
the SWC to the wind forcing, the numerical model experiments including the nonlinear drag law of bottom friction were carried
out. In the circumstances combined with the SWC generated by sea level difference across the Soya Strait and wind-induced
current, the model result suggests that the asymmetrical action of bottom friction term causes the different dynamic response.
When the momentum balance between easterly wind stress and sea level gradient across the strait is just realized, the SWC effec-
tively is weakened, and hence such dynamic response becomes the frictional free. In the case of westerly wind forcing, the
SWC is superimposed by the eastward wind-induced current so that the southeastward flow speed tends to increase. However,
its increase rate is gradually suppressed, because the bottom friction term on the momentum balance dominants in proportional as

the square of flow speed.

Key wards : Soya Warm Current, Soya Strait, wind forcing, nonlinear drag law of bottom friction
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Fig. 1. The bathymetry around the Soya Warm Current (SWC) region off the east coast of Hokkaido. The solid circles indicate

three current observation points, i.e., OMU, MON and TOK. The open circles indicate the tidal observation stations at
Wakkanai (WK) and Abashiri (AS). The double circles indicate the grid point of NCEP/NCAR wind data (n\W) and the

location of Soya Cape AMeDAS station (aW).
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Fig. 2. Time series of wind stress vectors (W | W |) at AMeDAS and NCEP/NKAR stations, current vectors (OMU, MON, TOK and
TOK,). Cases from A to E show the selected rapid decrease in the southwestward flow of the SWC.
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Fig. 4. Scattering plot of relationship between the easterly wind stress (W | W |) and anomaly of alongshore velocity (A Usiong) at (a)

OMU, (b) MON and (c) TOK.
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Fig. 7. Time series of (a) the modeled easterly wind forcing (W | W |) with a period of 5 days and (b) its response of volume trans-
port through the strait (O, or Qa,+w). (c) Auto-spectra (spectral density) and (c) cross spectra (solid line is coherence
squared and cross-symbol is phase lag) between W | W | and Oa,+w using the model results shown in time series of (a) and

(b).
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Fig. 8. The relationship between forced wind stress (W; | W)
and volume transport passing the strait (Q,,) in the case of
east/westerly wind forcing. Open circles are the model
results, and the solid line is a fitted function using the
equation (2).
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Fig. 9. (a) Horizontal distributions of elevation (upper) and volume transport vector (lower) in the model case of easterly wind
forcing.  (b) The spatial distributions for x-axis component of the term balance of momentum equation in line S-S”.  (c)

Schematic view of the dynamics for current (V) in the strait.

(fV), friction (Fr) and pressure gradient (V p).
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Fig. 10. The same as Fig. 9, but the model case of sea level difference (47 =14 cm) forcing.
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Fig. 12. (a) The relationship between sea level difference (A7) and easterly wind stress (W) at O,+w=0. (b) Closed circles are
the relationship between sea level difference (A7) and volume transport passing the strait (Oa,) at W;=0. Using of the
wind speed when Q;+w=0 due to easterly wind forcing, open circles indicate the relationship between sea level difference
(A7) and volume transport passing the strait (Q4,+w) in both cases of easterly and westerly wind forcing. AQ(Wf) and
AQ(— Wy) are the anomaly volume transport from Qay+w at W=0. (c) AQ(Wx)/AQ(— Wy) ratio at each sea level differ-

ence (47).
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