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Subtidal current variations on the eastern shelf of Hidaka Bay

Hiroshi Kuroba? » Masato KuBo? « Yutaka Isopa? « Hidetaka TAKEOKAY + Satoshi HONDA®

Abstract

To investigate subtidal current variations on the eastern shelf of Hidaka Bay, a mooring current measurement
was carried out off Shizunai at a depth of 7 m below the sea surface during about 8 months from November 2002
to July 2003. Remarkable periodic current variations were identified at 6.5-day and 15.5-day periods from spectral
analysis. Cross-spectral analyses between current and wind stress and between current and coastal sea level in the
Hidaka Bay showed that the individual pairs were coherent at the 6.5-day and 15.5-day periods. In this regard,
however, there was different response time of current and coastal sea level to the wind stress between these periods.
In addition, it was found that the coastal sea level propagated around the Hidaka Bay faster than the barotropic
first-mode free shelf waves. A barotropic long shelf wave model, suggested by Gill and Schumann (1974), was
applied to the eastern shelf of Hidaka Bay to explain these observational characteristics. This simple model could
qualitatively reproduce coastal sea level fluctuations that are mainly governed by the first mode of long shelf wave,
that is, the response time of coastal sea level to wind stress and the propagation speed of the coastal sea level in the

Hidaka Bay could be sufficiently interpreted by this model.

response time of current to wind stress.

On the other hand, this model could not explain the
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Fig. 1 Bathymetry around the Hidaka Bay. Solid circles
indicate the stations where meteorological data and
coastal sea level data are recorded. A current meter was
moored at the location that a solid square indicates.
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Fig.2 Time series of (a) along-shore (northeastward) and across-shore (southwestward) current components from

raw data.
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Fig.3 Spectral densities of the along-shore and across-
shore current.
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Fig. 4 Spectral density of along-shore wind stress at
Urakawa.
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Fig. 5 Spectral densities of coastal sea level at Muroran,
Urakawa, Tokachikou, Kushiro, and Hanasaki. Only
the spectral density at the Hanasaki is drawn at the
exact energy ; the others are evenly shifted to the upper.
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Fig. 6 Upper, middle, and lower figures show spectral densities of wind stress in different directions, squared coherency
and phase between the wind stress and along-shore current at the (a-c) 15.5-day and (d-f) 6.5-day period. Each
horizontal axis indicates the angle that is measured anti-clockwisely from the east.
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Fig. 7 Squared coherency and phase between along-shore

" current and coastal sea level at S coastal tide gages at

the 15.5-day (gray bar or solid circle) and 6.5-day
period (black bar or solid square).
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between along-shore wind stress, current, and coastal
sea level at Urakawa at the (a) 15.5-day and (b) 6.5~
day periods.
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(a) Energy of wind and current
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(b) Coherency and phase between wind and current
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Fig.9 An upper figure shows time series of spectral density of along-shore wind stress (thin curve) and current (thick
curve) at the 15.5-day period. A middle figure is time series of squared coherency (thick curve) and phase (thin

curve) between along-shore wind stress and current.

A lower figure shows a frequency distribution of phase with

statistically significant coherency under 97.5% confidential limit in the middle figure.
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Fig. 10 Same as Fig. 9, except for 6.5-day period.
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(a) model cordinate
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(a) Theoretical model coordinate. Thin and thick curves, respectively, indicate realistic and approximated

topographies along the (b) Line | and (c) Line 2, the location of which are shown in (a).
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Fig. 12 Three solid curves and straight lines indicate dis-
persion curves for shelf waves of the first, second, and
third modes for the non-longwave approximation and
in the longwave approximation cases, respectively.

Table | Theoretical phase velocities of the first, second,
and third modes of long shelf waves on the Linel and
Line 2.

Linel Line 2
Ist mode 0.97 232
2nd mode 0.27 0.64
3rd mode 0.11 0.27
unit : m/s
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Table2 Theoretical relative contributions of the first, second, and third modes of long shelf waves

to sea level and along-shore current at the coast.

ters on the Line 1 and Line 2.

These values are calculated using parame-

Line 1 Line 2
sea level current sea level current
1st mode 100.0 100.0 100.0 100.0
2nd mode 83 46.3 1.7 452
3rd mode 31 21.4 30 20.7
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Fig. 13 Along-shore distributions of theoretical phase at the 6.5-day and 15.5-day period (a-d) between along-shore

wind stress and current and (e-h) between the wind stress and coastal sea level

(a), (b), (e), and (f) are

calculated using parameters for the Line 1 and the others using them for the Line 2.

Table 3 Theoretical phases (or time lags (in the parentheses)) at the coast between along-shore
wind stress and sea level (x,=50km) and between the wind stress and along-shore current
(%,=90 km) . These values are calculated using parameters on the Line 1 and Line 2.

Line 1 Line 2
sea level current sea level current
X, =50 km X, =100 km Xo =50 km X, =100 km
15.5-day period 17.4 (18) 50.6 (52) 79 (8) 257 (27)
6.5-day period 27.7 (12) 66.8 (29) 17.4 (8) 50.7 (22)

unit : degrees (hours)
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