Tidal exchange through the Kuril Straits
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Abstract. The tidal exchange between the Okhotsk Sea and the North Pacific Ocean
i1s studied numerically with particular emphasis on the predominant component, the
barotropic K; tide. Since the K; tide is subinertial in the Okhotsk Sea, topographically
trapped waves are effectively generated, contributing to strong tidal currents with a
maximum amplitude of over 1.5 m s~! in the Kuril Straits. The structures of tide-induced
mean flows in most passages of the Straits are characterized by “bi-directional currents”
(in which the mean flow exhibits a reversal in direction across the passages). The mean
transport shows significant net exchange of water via several straits in the Kuril Islands,
whose amount is over 5.0 Sv toward the North Pacific. Therefore, the tidal current is
thought to play a major role in water exchange processes between the Okhotsk Sea and
the North Pacific. Our analysis reveals that the bi-directional mean currents at shallow
passages are produced through the well known process of tidal rectification, whereas in
deep passages, the propagating trapped waves along islands are essential for generating the

bi-directional mean currents.

Introduction

The Okhotsk Sea (Fig. 1) is thought to have a
significant impact upon the North Pacific. For ex-
ample, Talley (1993) and Yasuda et al. (1996) com-
mented that the Okhotsk Sea supplies low salinity
water to the North Pacific Intermediate Water
(NPIW) characterized by a salinity minimum cen-
tered at 26.80y. Thus, a clarification of the ex-
change processes through the Kuril Straits is indis-
pensable for a better understanding of water mass
formation in the North Pacific (such as the NPTW).
Past studies regarded the current in the Okhotsk Sea
as part of the cyclonic subarctic circulation which
predominantly flows into the Okhotsk Sea through
the Kruzenshtern Strait and out through the Bussol
Strait. However, recent observational studies sug-
gest that there is great difficulty in explaining this
in/outflow in terms of geostrophic balance. One
reason for this is that the overall surface dynam-
ic height is higher in the Okhotsk Sea than in the
northwestern North Pacific (Kawasaki and Kono,
1992).  Another reason is that due to the weak
stratification, the Oyashio extends to such depths
that it tends to flow along the continental shelf
slope along the Kuril Islands (2000 ~ 3000 m deep)
and is plausibly unable to pass over the shallow
sills in the Kuril Straits. Moreover, Leonov (1960)
and Moroshkin (1966) mentioned that bi-directional
currents occur in most passages. This picture is

clearly seen in the NOAA 12 AVHRR imagery (not

shown). Such current structures cannot be ex-
plained by large-scale wind-driven geostrophic flow.
These observational results strongly suggest the im-
portance of non-geostrophic components. In fact,
tidal currents, especially diurnals, are dominant in
and around the Kuril Straits, and their speeds reach
a few knots. According to previous studies on tidal
exchange (Awaji et al., 1980), such strong tidal cur-
rents are expected to induce significant mean trans-
port, even if there are sills in the straits. Moreover,
tide-induced mean currents allow us to explain the
bi-directional structure of the (local) mean currents
in the passages. Thus, as a first step toward under-
standing the transport process; we have investigated
numerically the characteristics of the tides and tidal
currents around the Okhotsk Sea.

Model

The model region (Fig. 1) covers the entire
Okhotsk Sea and part of the North Pacific. The
open boundaries are set away from the Okhotsk Sea
in order to reproduce tidal wave propagation from
the North Pacific. We resolved the topography of
the model region using 5 km x 5 km grids. The nu-
merical model is the same as that used by Hatayama
et al. (1996) with the familiar barotropic global tidal
equations (e.g., Schwiderski, 1979a). The boundary
conditions are set as follows. A no-slip condition is
imposed at the land boundaries. At the open bound-
aries, the tidal elevation for Ky and M5 is specified
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