Vol. 24(2):147-152

Ocean and Polar Research

June 2002

Volume Transport through the La-Perouse (Soya) Strait between the East
Sea (Sea of Japan) and the Sea of Okhotsk

Aleksandr Vladimirovich Saveliev', Mikhail Alekseevich Danchenkov*', and Gi-Hoon Hong

'Far Eastern Regional Hydrometeorolgical Research Institute
24 Fontannaya st. Viadivostok 690600, Russia
*Marine Environment and Climate Change Laboratory, KORDI
Ansan P.O. Box 29, Seoul 425-600, Korea

Abstract : Seasonal and interannual variation of volume transport through the La-Perouse Strait were
estimated using the difference of sea level observed at Krillion of Sakhalin, Russia, and Wakkanai of
Hokkaido, Japan, during the period of 1975-1988. Historical sea level measurements between Russian and
Japanese tide gauge data were normalized using an independent direct volume transport measurement.
Volume transport from the East Sea (Sea of Japan) to the Sea of Okhotsk varied from —0.01 to 1.18 Sv with
an annual mean value of 0.61 Sv. Monthly water transport rates showed a unimodal distribution with its
maximum occurring in summer (August) and minimum in winter (December-February). The annual mean
volume transport varied from 0.2 to 0.8 Sv during the period of 1975-1988 with the maximum variance of

0.6 Sv.
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1. Introduction

The East Sea (Sea of Japan) is located in the northwestern
margin of the Pacific Ocean. It has four straits: the Korea/
Tsushima Strait (130 m deep) with the East China Sea, the
Tsugaru Strait (130 m deep) with the Pacific Ocean, the
La-Perouse Strait (Soya Strait, 40 m deep) and the
Tartarsky Strait (10 m deep) with the Sea of Okhotsk.
Among the four straits, the Korea/Tsushima, Tsugaru, and
La-Perouse straits are significant in terms of volume
transport. The Korea/Tsushima Strait is the main source of
water inflow. Outflow from the East Sea occurs mainly
through the Tsugaru and La-Perouse Straits. Climatologically,
the amount of outflow through the Tsugaru and La-
Perouse Straits may account for 70-80% and 20-30% of
the amount of the inflow through the Korea/Tsushima
Strait, respectively (Leonov 1960; Radzikhovskaya 1961;
Yasuda et al. 1988; Yoon 1991; Seung et al. 1993; Mooers

*Corresponding author. E-mail : danchenk@fastmail.viadivostok.ru

et al. 1996). The La-Perouse Strait is a sole conduit of
warm and saline waters of the Kuroshio introduced into
the Sea of Okhotsk via the East Sea from the North
Pacific. However, the volume transport through the La-
Perouse Strait has not received scientific attention as much
as those of other two main straits until recently. There has
been a limited data set available for the volume transport
through the La-Perouse Strait (Table 1). Occasional direct
current measurements were made only in summer at a
single point or at a fixed depth in the water: May-June
1933 (Nakamura 1985), July-August 1947, August 1956
(Supranovich et a/. 2001), May 1971, June-August 1973,
August 1987-July 1988 (Aota er al. 1985).

As seen in Table 1, the volume transport estimations
obtained up to date are very limited, it is nearly impossible
to look at the seasonal and interannual variations of the
volume transport through the La-Perouse Strait. Most of
previous works were largely based on the geostrophic
calculations and numerical modeling (Leonov 1950, 1960;
Vasiliev et al. 1994; Mooers et al. 1996), the water mass
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Table 1. Total volume transport (Sv) through the La-Perouse Strait obtained by previous works.

Sources
Leonov Radzikho-  Vasiliev, Dudka Mooers and Aota et al. Aota Tanaka et al. Supranovich
1950, 1960  vskaya 1961 1994 Kang 1996 1985 1975 1996 etal 2001
Period Methods of volume transport calculation
Geostrophic ~ Total water ~ Geostrophic ~ Numerical ~ Current Const.ant current Current Current
. velocity through
current balance current modeling meter . meter meter
the strait
November - 0.44 0.40 0.56 - - -
May-June - 0.22 - - 0.80 - -
August - - - - - 1.30 1.18 1.02
Year 0.42 033 - - - - -

balance calculation (Radzikhovskaya 1961) or the
assumption of constant velocity along all sections of the
strait (Aota 1975).

In this study, we have made an attempt to estimate
seasonal and interannual volume transport through the La-
Perouse Strait using sea level data measured at the coastal
sites facing the strait in both Sakhalin and Hokkaido
Islands.

2. Methods and database

Monthly mean values of sea level were obtained from
the tidal measurements in Wakkanai (Hokkaido, Japan)
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Fig. 1. Positions of tidal gauge stations at Wakkanai
(Hokkaido, Japan) and Krillion (Sakhalin, Rus-
sian Federation). Tanaka er al. (1996)’s data was
reproduced here for the reference. Arrows show
depth-averaged residual currents obtained by
direct observations (ADCP) on 8-9 August 1995,

and Krillion (Sakhalin, Russia) during the period of 1975-
1988 (Fig. 1).
Volume transport was determined as follows:

0=CxS$ M

where C is a depth - averaged velocity through the strait;
S'is a cross sectional area of the strait. The value of C was
calculated from known relation ship between sea level
slope and flow velocity (Zubov 1935):

Ah = Qolsinglg) x C Q)

where Ah is the difference between level heights; @ is an
angular velocity of Earth rotation; ¢ is a latitude of the
site; L is a distance between points on the section; C is the
depth-averaged velocity.

Linear and dynamic meters are practically identical
(Beriozkin 1947): difference is not more than 3%.
Therefore, in the present study, we used common linear
metric units.

The velocity vector calculated according to the formula
(2) is directed in such a manner that higher sea level is at
the right hand side of a flow. Sea level slope (Ah) was
calculated between Wakkanai and Krillion. Since there is
no intercalibration of datum level (tide gauge) used in
Japan and Russia, sea level values measured at Japan and
Russian Federation cannot be directly compared. Therefore,
sea level slopes across the La-Perouse Strait cannot be
calculated directly by differences of level heights between
the two coastal tidal stations.

An alternative method to calculate the “basic sea level
slope” (Ah) across the strait for “basic month” is offered
here. The “basic month” is a month for which volume
transport is measured. Calculation of “basic sea level
slope” (Ah) is made as follows:

1) by (1), depth averaged velocity (C) is derived,;

2) by (2), “basic sea level slope” (Ah) is calculated.
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Table 2. Data used for normalizing the sea level measurements in tidal gauge stations in the La-Perouse Strait on

August 8-9, 1995 (Tanaka ef al. 1996).

Stn. Latitude Longitude Observation Water depth Velocity C Direction F
o) (E) level (m) (m) (cm/sec) (degree)
1 45°53.5° 142°00° 12-32 37 40 144
2 4546’ 142°00° 25-45 69 61 134
3 45°42° 142°00° 10-50 59 99 133
4 45°40° 142°00° 10-46 56 86 116
5 4535 142°00° 10-32 42 77 103

Notation: C-depth- averaged residual (detided) current velocity; F- averaged current direction.

Then, using historical sea level data (in both Wakkanai
and Kirillion), the monthly mean sea level deviations from
mean sea level for the “basic month” is determined. The
difference between sea level deviations in Wakkanai and
Kirillion (for every month) is the correction for mean sea
level slopes for other months. After that, the monthly
mean volume transport through the strait is calculated by
equation (1).

In order to apply the proposed method, reliable and
accurate volume transport data should be available.
Reliable values of volume transport through the La-
Perouse Strait are obtained (Fig. 1, Table 2) on the ADCP
observations on August 8-9, 1995 (Tanaka et al. 1996).
All stations were located along 142°E , and their ADCP
observations were made at all stations within a day.
Tanaka ez al. (1996) used the vertically averaged residual
current components perpendicular to the cross section
(Table 2) in order to calculate volume transport trough the
strait. The cross section was also divided into some
sectors according to the distances between the stations.
For cach sector, the individual volume transport was
defined. The total volume transport was estimated as the
sum of the volume transport through each sector.

In calculation of “basic sea level slope” for August 8-9,
1995, the next values are used: volume transport=1.18
Sv, the cross sectional area of the strait (S) =2.08x 10° m”,

3. Results and discussion

The analysis of results is carried out based on two
assumptions. The first one is that the chosen volume
transport value for the “basic month” (August) is regarded
as a ‘norm’ for a given month. The second one is that
there is an outflow in general through the La-Perouse
Strait (into the Sea of Okhotsk). The second assumption is
in conformity with available information on the water
exchange of the East Sea of Korea through the straits (see

Introduction). The Krillion Current flowing from the Sea
of Okhotsk to the East Sea has been observed near the
Krillion Cape (Maidel 1879; Brodskiy 1959; Leonov
1960; Veselova 1963; Danchenkov et al. 1999). The
Krillion Current appears to be pronounced when easterly
winds prevail, and it depends on tides; therefore, it is
unstable. The width of the current is about 20 km and the
maximum volume transport is less than 0.05 Sv (Leonov
1960). Therefore, it doesn’t play a key role in total volume
transport through the strait. In a whole, available current
observations (Nakamura et al. 1985; Aota et al. 1988;
Tanaka et al. 1996) show that flow along all cross section
of the strait has southeast direction towards the Sea of
Okhotsk.

The results of calculations for the seasonal variability of
volume transport according to (1) and (2) are presented in
Table 3. A positive sign (+) in Ak and C corresponds to
the case when sea level is higher in Wakkanai, Hokkaido
Island and there is a flow into the Sea of Okhotsk
(outflow). A negative sign (=) in Ak and C corresponds to
the case when sea level is higher in Krillion, Sakhalin
Island and there is a flow into the East Sea (inflow).

Monthly mean values of volume transport 0 shows a
unimodal distribution with a maximum in the warm
period and a minimum in the cold period of the year.
Maximum water transport into the Sea of Okhotsk
occurred in August-September (Table 3). It corresponds
to period of maximum inflow through the Tsushima Strait
(Miyazaki 1952; Leonov 1960; Radzikhovskaya 1961;
Hata 1962; Yi 1966; Pokudov 1975) and to period of
maximum volume transport (1.2 Sv) of the Soya Current
as well (Aota 1975).

The minimal volume transport through the La-Perouse
Strait is observed in December-February (Table 3).

Sea level slope is reversed in winter of some years, and
there is a return flow from the Sea of Okhotsk into the
East Sea (Table 3, Fig. 2). This inflow is most well
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Table 3. The multiyear monthly mean values of sea level slopes (Ah), mean flow velocity (C) and volume transport Q)
through the La-Perous Strait (the characteristics, obtained for “basic month”, are marked by grey colour).
The standard deviations (6) of each parameter are put in as denominators.

Month
Parameter Year
1 1 01 v v Vi \211 V1 IX X X1 X1l
hwom 1S 20 21 8 4 Z10 =5 0 =2 4 9 -1l -0
O 4.7 3.6 33 5.2 4.2 2.1 3. 5.5 4.8 6.7 5.1 2.7
hpem #2416 4 4 2 0 L 32 x6 #1307
Ok 6.6 3.0 4.8 4.4 3.2 2.7 3.8 3.1 6.0 4.0 5.6 2.2
Ahiem 2 Al 45 413 A1S RO 422 425 424 #19 410 4l 413
Opn 6.8 3.8 5.1 4.5 4.8 2.4 3.8 5.2 3.2 6.4 5.6 5.7 3.1
Coomjsec =5 +2  +12 31 +35  +44 451 457 +55 444 23 42 +30
Oc 15.8 9.0 11.9 10.6 11.1 5.6 8.8 12.1 7.4 14.9 12.8 13.2 7.3
OSv 010 004 025 062 073 091 106 LI8 114 091 048 004 06l
Op 0.28 0.18 0.24 0.21 0.23 0.12 0.18 0.25 0.15 0.31 0.26 0.27 0.15

Notation: 4, , &, - multiyear monthly mean sea level deviations relative to appropriate level for August (“basic” month) in Wakkanai
and Krillion, respectively.
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Fig. 2. Year-to-year variations of monthly mean volume transport through the La-Perouse Strait in winter.
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Fig. 3. Long-term variation of annual mean volume transport through the La-Perouse Strait.
exhibited in January and can reach 0.4 Sv. conformity. For example, volume transport calculated

The comparison of calculated volume transport (Table  during May-June (0.82 Sv) is similar to one (0.80 Sv)
3) and that given in other sources shows a good  published earlier (Aota et al. 1985). Volume transport
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calculated for November (0.47 Sv) is close to ones (0.44
Sv, 0.40 Sv, 0.56 Sv) given earlier (Table 1) as well.

To estimate year-to-year variation of volume transport
through the La-Perouse Strait, we used the method
described earlier, using annual mean sea level data for the
period of 1975-1988. The multiyear annual mean sea level
slope between Wakkanai and Krillion which equals +13
cm (Table 3) was applied as the “basic sea level slope”.
The obtained results show, that the maximal amplitude of
the long-term variation of volume transport in the strait
can reach 0.6 Sv (Fig. 3), which corresponds to 51% of
amplitude of seasonal variability.

4. Conclusions

1. The indirect method to calculate total volume
transport through the La-Perouse Strait using sea level
slopes across the strait is proposed here. The calculated
volume transport shows a good conformity with available
estimations of other authors.

2. The estimations of seasonal variability of volume
transport through the strait are obtained. The maximal
water outflow (1.14-1.18 Sv) occurs in August-September
and its minimum in winter months. In some years, there is
current in an opposite direction (from the Sea of Okhotsk
to the East Sea) in winter. This flow is most well
displayed in January (volume transport reaches 0.4 Sv).

3. The interannual variability of volume transport
through the La-Perouse Strait for the period 1975-1988 is
estimated. Maximal amplitude can reach 0.6 Sv.
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