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Abstract

Oyashio and Kamchatka Currents are western boundary currents of the Pacific subarctic gyre. The Kam-
chatka Current transports fresh water in the surface layer to the Sea of Okhotsk. Large Oyashio eddies
propogate against the current and bring warm subtropical water in their cores up to the Strait of Boussole.
Here, | present the evidence of the recent rapid change of stratification in the Oyashio and Sea of Okhotsk
during the last decade. There were significant changes in the thermohaline structure in the Western Su-
barctic during the period from 1990 to 1997. The transition began during the reinforcement of the Coastal
Oyashio. The main consegquences of this thermohaline transition from one ocean date to another are

changes of the Oyashio path and restratification of its water.

It indicates that the ocean climate in the

Western Subarctic depends strongly on the Oyashio path.

Introduction

The waters of the Kamchatka Current, having
warm water at depth of 200-300 m, enters the Sea
of Okhotsk through the deep Kuril Straits (Fig. 1).
This current brings cold and fresh water in the sur-
face layer (0-100 m). Kamchatka Current water,
penetrating through these Straits, forms a cyclonic
circulation inside the Sea and mixes with Soya
Current water (SC in Fig. 1) in the Kuril Basin
(Alfultis and Martin, 1987). There is significant
cooling of the Kamchatka Current water in the Sea
of Okhotsk. While the Alaska Current brings
warm water to the Western Subarctic, most of the
water is of the Western Subarctic formed by the
lateral mixing of the Kamchatka Current water and
cold water of Okhotsk Sea origin (Ohtani, 1970).
Therefore, the exchange between the Sea of Ok-
hotsk and North Pacific is essentia for cooling,
freshening and change of stratification at interme-
diate depths (100800 m). The Soya Current
flows adong the Hokkaido coast and brings the
warm Japan Sea water into the sea (Takizawa,
1982). This current is known to be driven by a
large difference in sea level between the Japan and
Okhotsk Seas (Takizawa, 1982; Ohshima, 1994).
The seasonal cycle of this current is clear, and
Soya inflow is not observed from December to
March, due to either higher Okhotsk Sea levels or
the low difference of the sealevel across the Strait.

A principal feature of the Pacific Subarctic is its
high dratification. Wintertime convection there
seems to be limited to the upper 150 m (Reid,

1973). This is quite different compared with the
northern North Atlantic. The reason for no deep
convection in the northern North Pacific is that the
surface water is too fresh. According to Warren
(1983), the low surface sdinity is due partly to a
low evaporation rate, which in turn, is due to a
relatively low surface temperature.

Recently, the Sea of Okhotsk interannual cycle
was studied by Yang and Honjo (1996). They
found its hydrographic structure is sendtive to in-
terbasin exchanges between the Japan and Ok-
hotsk Seas. The doubling of the Soya Current
transport (SC on Fig. 2) resultsin higher salinity in
the surface and deepens vertical mixing. Reducing
the Soya Current leads to more freshening of the
mixed layer, restricting deep vertical mixing.

Here, | consider a case of the rapid thermohaline
transition from low stratified periods with different
thermohaline structure in the western Subarctic.
The first one was observed 78 years ago prior to
the thermohaline trangition in the North Pacific
which occurred in 1990-1997. | described this
case using the INPOC (International North Pacific
Ocean Climate Study; see Rogachev et 4.
(1996a,b, 1997)) array of CTD stations in the Oya-
shio. One of the basic findings of this project was
the discovery of the thermohaline trangition in the
subarctic Pacific. This means there are rapid and
significant changes in the water column properties
to a depth of 1000 m in western subarctic bound-
ary currents. A main consequence of this transi-
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Fig. 1 Geopotential anomaly at the sea surface relative to 1000 dbar (10 Jkg) (after Reid (1973)). NSis
Near Strait.
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Fig. 2 Scheme of the two circulation modes based on the recent thermohaline transition in the western
subarctic. Black and grey lines represent internal and external modes, or different circulation regimes.
KSisKrusenshtern Strait, SL is Strait of Laperouse, SC is Soya Current.
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tion is the change of the Oyashio path and restrati-
fication of its water. The stratification was de-
stroyed before the transition due to a high inflow
of saline subtropical waters to the Sea of Okhotsk
and Oyashio in 1990 and a weak transport of the
subarctic water by the coastal Oyashio (Rogachev,
1997). However, during the transition there was a
significant change of water mass thermohaine
structure and a change of the main Oyashio path
(Fig. 3). It appears that notable changes have oc-
curred also within large areas of the Arctic Ocean
and subarctic Pacific during the past decade (L atif
and Barnett, 1996; Quadfasel et al., 1991)

Data and method

The initial data were collected while carrying out
the INPOC project (Rogachev et a., 1996ab,
1997). The program involved four cruises in the
Oyashio from 1990-1992 and was continued by
the Pacific Oceanological Institute (POI) in 1993,
1994 and 1996. Most of those cruises covered the
area with a high resolution station grid (the dis-
tance between stations was 18-20 km). From the
analysis of these data it is possible to determine
the horizontal structure of the Oyashio fresh-core
eddies, which are the mgjor features of the region
(Rogachev and Goryachev, 1991; Rogachev et d.,
1996a,b). The
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Fig. 3 Transport difference between offshore
(02) and coasta Oyashio (Ol) relative to the
coastal Oyashio in 1990. Note a shift to the Oya-
shio west path.

added data | used is the study conducted on board
the R/V Hokko Maru under the joint project of the
Hokkaido National Fisheries Research Ingtitute
(HNFRI) and the Pacific Research Institute of
Fisheries and Oceanography (TINRO) (Kono and
Kawasaki, 1997). | used potentia vorticity as the
property of the stratification, which is determined
as Q = f/r(1sq492, where f is the Coriolis
parameter, r the density, z is the vertical coordi-
nate, and s, is sigma theta. To estimate Q, the
density was calculated at standard depths.

Results
Rapid changes in the western subarctic

For the past 7 years, evidence of the thermohaline
transition event has appeared within the core of the
Pacific and Soya waters entering the Sea of Ok-
hotsk. In 1997 the Pacific water almost com-
pletely displaced warm and salty Japan Sea water,
whereas the opposite situation was observed in
1990. For instance, high salinity water flowed out
to the Pacific Ocean through the Strait of Boussole
in 1990. However, the high salinity area was lim-
ited by a narrow zone in 1996 and 1997. While
Soya warm water inflow was weak, the low salin-
ity subarctic water area enlarged. More dramatic
events occurred at the ocean side of the Kuril Is-
lands. For instance, Figure 4 shows rapid penetra-
tion of the cold upper layer at sgma-T = 26.3 from
Kamchatka to Hokkaido during the 7-yr period. A
major consequence of this trangition are changes
in the dratification and the main Oyashio path
from offshore to coastal (Rogachev, 1996b, 1997).
| call it Oyashio west path culmination (Fig. 3).
Potential vorticity time series show a six-fold
increase a 500 db (Fig. 5). In particular, there
was a minimum of potential vorticity at 400-500
db in 1990 which, seven years later, became a
maximum of the potential vorticity in 1996. This
change of potential vorticity vertica distribution
reflects variations of the stratification in the
Oyashio and its fresh-core eddies.

Discussion

The present data show that there was a thermoha
line trangition in the western subarctic during
19901997, which is evident in the change of the
Oyashio path and its thermohaline structure.
There was a prominent penetration of salty Soya
Current water to the Sea of Okhotsk in 1990. This
process changed stratification and surface salinity.
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Fig. 4 Cooling at the surface layer during a thermohaline transition. Temperature at sigma-T = 26.3 in
(8 August 1990 and (b) August—September 1996. Low-temperature areais shaded.
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Fig. 5 Potential vorticity profiles for the central
stations in Boussole eddies during the thermoha-
line transition. Arrow shows increase of stratifica-
tion from 1990 to 1996.

Stratification was initially destroyed in 1990 by
the increased influx of salty water and low south-
ward transport by the Western Subarctic boundary
currents (Rogachev, 1997). The vertica profiles
of the salinity in the Kamchatka Current have a
very sharp halocline at 100-200 m depth (Nagata
and Ohtani, 1989). A distinct mesothermal layer
(warm subarctic intermediate layer) is associated
with this halocline. The halocline off the southern
Kuril Idlands is amost erased, and sdinity
decreases much more gradually. The mesothermal
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layer becomes unclear and its depth is increased in
comparison with the Kamchatka Current region.
Therefore, the fresh water budget of the Okhotsk
Sea should affect the interbasin water exchange
between Japan and Okhotsk seas.

The recent Oyashio west path culmination is asso-
ciated with the cooling of the surface layer (Fig.
4). This cooling of the surface layer provides a
feedback for the decrease of evaporation which
may sustain the salinity anomalies.
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