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Fig. 1. Time-averaged transport streamfunction
(Sv) induced by the barotropic K; tide. Shaded
regions indicate negative values, and the black re-
gions are lands. For details, readers are referred to
Nakamura et al. (2000a).
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Fig. 2. Time-averaged flow through the Bussol
Strait induced by the K; tide. Flow toward the
Okhotsk Sea (the North Pacific) is indicated by
black (white) colored numbers. The black regions
are land. For details, refer to Nakamura and Awaji
(2004).
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{a) a relatively shallow strait

weak bi-directional mean flow

stronger along-sill mean’ flow

(b) the deep Bussol Strait
strong, bi-directional mean flow

(c) positive vorticity flux conveyed by
topographically trapped waves

shallow
strait

@

Fig. 3. Schematic of the time-averaged flow associ-
ated with relative vorticity around (a) a relatively
shallow strait and (b) a relatively deep strait (the
case of the Bussol Strait). (c) Schematic of vor-
ticity transport by topographically trapped waves.
For details, refer to Nakamura et al. (2000a).
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Fig. 4. A breaking internal wave: The distribution
of potential density obtained from the numerical
experiment forced with a barotropic K tidal flow
after one tidal cycle. The black region indicates
the sill top. For details, refer to Nakamura et
al. (2000b).
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Fig. 5. Schematic illustrations for (a) unsteady lee
waves, (b) mixed tidal/lee waves, and (c) inter-
nal tides. (Top) Schematic of scales of the tidal
excursion (arrows) and topography. (Bottom)
Schematic of internal waves generated by a tidal
flow over topography. Arrows show the paths of
wave energy (i.e., wave rays), and dotted lines
and dot-dashed lines indicate co-phase lines. In
the panels (a) and (b), only waves generated by
a nearly-steady rightward flow and in a half tidal
period of a rightward flow are shown, respectively.
For details, refer to Nakamura (2006), Nakamura
and Awaji (2001).

DT OB EERFD, £ 2 TEE OITRGHY A
TR L AAHT A, BT AIZETE & NERRY D37 A
SEROBEE S bDOTHY, whige F721E —kU (o) 23
MR TE DMRIRE U CIEER BT & AR & 810,

FhEE S DWOIREB LI U LD L S ITREDL DT,
subinertial 72 TS, EMHREE LV WVIREIHO
BAEIW R TR E I3FEER R TEARERRETH Y,
FRHENERKE LTHEETE D,

WNESEY, FEEFERTE, BEWMPRTRO Ehn
Fhig S B EEBITIE, B L ATEOREE DL
LV, FREEZBROEE Uy TRESELZHO

kUo _ Uo/wtide

Wtide 1/k
BEZEI, kUp/wiige € 172 DNERHY, > 1
RLFEEFRATHE (EEETEIL - co DRBEIRIZAIL) ,
~1726FOFEOW (BAEBBEEATE L7225, kX
RAEUDLHICEE MBI D L, kU wiige 13 TR
WP THUERI DS | BHIRICAE T SR8k & T
KDKERr—)] DETHEHBEZ ENGNDH, KK
Mz R+ & Fig. 5 LB X725,

Mz T, REBENEDD & RBEFEEOWTIAHEE
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D B & WA E TR UKE X0 TEMMITIZ
BRENEL, 70— & Nh/U (N, h 32 1E#HHK
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Fig. 6. Horizontally propagating internal waves
generated by the K tide. Vertical velocity at
390 m after the calculation of four tidal cycles.
For details, refer to Nakamura and Awaji (2004).
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Fig. 7. The distribution of diapycnal diffusivity co-

efficient (cm? s~!) averaged during the fourth tidal

cycle. (a) A y — z section across the northeastern
part. (b) The 26.75-26.8 oy density layer. For
details, refer to Nakamura and Awaji (2004).
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Fig. 8. Temperature at the sea surface (the model
top layer) after the calculation of 25 tidal cycles.
For details, Nakamura and Awaji (2004).
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Fig. 9. Meridional section of annual mean (left) salinity, (middle) potential temperature, and (right) potential
vorticity along 145°E for (top) the control experiment and (bottom) the experiment with tidal mixing. For

details, refer to Nakamura et al. (2004; 2006a).
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Fig. 10. Schematic of two effects of tidal mixing in
the Kuril Straits on the water formation in the
Okhotsk Sea. For details, refer to Nakamura et
al. (2006a).
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Fig. 11. Meridional section of annual mean salin-
ity at 165°E in (top-left) the control experiment
and (top-right) the experiment with tidal mix-
ing. (Bottom-left) the difference between the two
experiments (negative values indicate decreases
due to tidal mixing). (Bottom-right) observa-
tion (WOA98). For details, refer to Nakamura et
al. (2004; 2006b).
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Fig. 12. The difference of approximated transport
streamfunctions in the cases with and without
tidal mixing on the 27.1 oy density surface. The
region of dashed contours, such as the subarctic
region, has negative values, where positive and
negative values mean increases and decreases due
to tidal mixing, respectively. The approximated
transport streamfunction becomes identical to the
transport streamfunction when there is no diapyc-
nal volume flux. For details, refer to Nakamura et
al. (2006b).
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Fig. 13. Initial dynamical response in terms of ve-

locity difference on 27.1 oy density surface between
the experiments with and without tidal mixing.
(a) One month, (b) one year, and (c) five years
after addition of tidal mixing. For details, refer to
Nakamura et al. (2004; 2006b).
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Fig. 14. Difference in the meridional transport
streamfunction at the south of the Kuril Straits
(43°N) between the experiments with and with-
out tidal mixing. The density is used for the
vertical coordinate. The streamfunction increases
(decreases) with depth for northward (southward)
transport. Vertical mixing in the Kuril Straits
enhanced both the shallow overturn (northward
transport in the upper layer with southward trans-
port in the intermediate layer) and the deep over-
turn (southward in the intermediate layer and
northward in the deep layer). For details, refer
to Nakamura et al. (2006b).
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Tidally induced Water Exchange and Mixing

in the Kuril Straits and its Effects on the Okhotsk Sea
and North Pacific Ventilation

. *
Tomohiro Nakamura

Abstract

Tidal processes around the Kuril Islands play an important role in both water
transport between the Sea of Okhotsk and the North Pacific Ocean and diapy-
cnal mixing around the Kuril Islands. The latter has been suggested to be one
cause of the ventilation of the intermediate layer of the Sea of Okhotsk and
the North Pacific, leading to a new paradigm for the formation mechanism
of the North Pacific Intermediate Water. This paper reviews the studies of
the author and the coauthors, who have investigated the tidal processes in the
Kuril Islands and proposed the above paradigm.

Key Words : tidal rectification, internal wave, ventilation, the Sea of Okhotsk,

the North Pacific Ocean
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