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should scale with the size and intensity of diapycnal
mixing events, the vertical diffusivity, and other exter-
nal parameters. Numerical simulations examining this
mechanism are presented in a companion paper by Le-
long, et al.

OS31O-08 1035h

Numerical Simulations of Lateral
Dispersion by the Relaxation of
Diapycnal Mixing Events

M.-Pascale Lelong1 (425-644-9660x336;

pascale@nwra.com)

Miles A. Sundermeyer2 (508-999-8892;
msundermeyer@umassd.edu)

Eric Kunze3 (206-543-8467;
kunze@ocean.washington.edu)

1Northwest Research Associates, PO Box 3027, Belle-
vue, WA 98009-3027, United States

2University of Massachusetts Dartmouth, School for
Marine Science and Technology, 706 Rodney French
Blvd., New Bedford, MA 02744-1221, United States

3Applied Physics Laboratory, University of Washing-
ton, 1013 NE 40th St., Seattle, WA 98105-6698,
United States

We present the results of numerical simulations de-
signed to assess whether some of the dye-tracer pat-
terns observed during the Coastal Mixing and Optics
Experiment (CMO) can be explained by the lateral dis-
persion due to small-scale vortical motions. One mech-
anism that can lead to the formation of small-scale
vortical motions is the relaxation of diapycnal mixing
events created, for example, by breaking waves or shear
instabilities. We have simulated numerically the for-
mation of vortical motions by diapycnal mixing-event
relaxation, and the resulting lateral dispersion of La-
grangian particles and passive tracers. To simulate the
episodic nature of the observed CMO mixing events in
space and time, the flow is forced randomly in time
with randomly distributed, localized density anomalies
until statistical stationarity is achieved.

The characteristics of lateral dispersion as a func-
tion of density anomaly strength and spatial/temporal
extent are presented and compared to the CMO obser-
vational analysis presented in the companion paper by
Sundermeyer, et al.

OS31O-09 1050h

Fjord Exchange Flow Observed
Geostrophically with Seaglider
Autonomous Vehicles

Andrew M Chiodi1 (206 5436262;
chiodi@ocean.washington.edu)

Charles C Eriksen1 (206 5436528;
charlie@ocean.washington.edu)

1University of Washington, School of Oceanography
Ocean Sciences Building Box 357940, Seattle, WA
98915, United States

A one-week pair of density profile time series
collected on opposite sides of a narrow fjord using
Seaglider autonomous underwater vehicles was used
to estimate exchange flow. Current profile time se-
ries were contructed using near-geostrophic balance of
across-channel momentum, often overlooked in a chan-
nel narrow compared to the Rossby radius of defor-
mation. Surface geostrophic current estimates, refer-
enced to directly measured depth averaged currents,
closely followed estimates based on surface drift at tidal
and subtidal periods. Damped Kelvin wave dynam-
ics are consistent with these observations. Empirical
Orthogonal Functions (EOFs) of geostrophic velocity
closely resemble the barotropic and first two baroclinic
modes calculated from the observed stratification. A
two layer exchange flow pattern developed into a four
layer pattern following the subsidence of a wind event
roughly midway through the observation period. The
latter pattern was characterized by shallow and near
bottom inflow interleaved with surface and mid-depth
fjord outflow.

OS31O-10 1105h

Determining the Mean Ocean/Estuary
Exchange rate for the Chesapeake Bay

Jay A Austin ((757)683-5526; jay@ccpo.odu.edu)

CCPO- Old Dominion University, Crittendon Hall
Old Dominion University, Norfolk, VA 23529-0276,
United States

A model of the salt balance in the Chesapeake
Bay is discussed, which takes into account only time-
dependent riverine input and mean ocean-bay ex-
change. Estimates of (spatial) mean bay salinity are
made using two different data sources: a 16 year

record of surveys taken by the Environmental Protec-
tion Agency’s Chesapeake Bay Program, and a 10-year
record of hydrographic sections taken in the lower bay
by the Center for Coastal Physical Oceanography at
Old Dominion University. Using United States Geolog-
ical Survey river flow data to force the model, both data
sets are consistent with this simple model and both im-
ply a mean oceanic exchange with the bay of roughly

8 × 103m3s−1, equivalent to an ocean-bay exchange
(e-folding) time scale of 90 days.

OS31O-11 1120h INVITED

Estuarine Adjustment and Sensitivity to
Variable Forcing: Animating the
Classification Diagram

Parker MacCready (206-685-9588;

parker@ocean.washington.edu)

University of Washington, Box 355351, Seattle, WA
98195-5351, United States

Estuaries are subject to strong temporal variation
of their forcing fields. River flow, wind stress, oceanic
salinity, and rms tidal current, all change greatly over
timescales of hours to years. Biological habitat in the
estuary is shaped by the salinity distribution, which
results from the competition of these forces with the
internal dynamical adjustment.

In this talk I will briefly review our current un-
derstanding of time-dependent estuarine dynamics at
subtidal time scales. There has been considerable ob-
servation of the sensitivity of the length of the salin-
ity intrusion to the strength of the river flow. On the
other hand, very few observations of the adjustment
time have been reported.

Efforts to develop a theoretical framework for the
adjustment time and sensitivity have been held back
by the inherent nonlinearity of stratified estuarine
flow. Here I present a highly simplified model of time-
dependent estuarine dynamics which may help in this
theoretical effort. The model estuary state is given
by two scalar variables, representing the vertical and
along-channel salinity gradients (tidally- and volume-
averaged). The model state is analogous to a point
on the Hansen and Rattray (1966) classification dia-
gram, however the model allows us to predict the tra-
jectory of that point around the diagram under time-
variable forcing. When the forcing timescales are not
long compared with the natural adjustment time of the
system these trajectories may stray significantly from
the quasi-steady solution line. The model, deduced
from the basic equations and mixing parameterizations,
consists of two coupled, nonlinear, ODE’s. These equa-
tions may be solved numerically for arbitrary forcing.
Analytical solutions may also be found in a variety of
limiting cases. Of particular interest is the inherent
link between nonlinearity and stratification.

OS31O-12 1135h

The Simulation of Fortnightly,
Deepwater Exchange in a Canadian
Fjord

Michael W Stacey1 (1-613-541-6000 x6414;

stacey-m@rmc.ca)

Roger Pieters2

Stephen Pond2

1Royal Military College of Canada, Department of
Physics, PO Box 17000 Stn Forces, Kingston, ON
K7K 7B4, Canada

2University of British Columbia, Department of Earth
and Ocean Sciences, Vancouver, BC V6T 1Z4,
Canada

Burrard Inlet, which opens into the Strait of Geor-
gia off the coast of British Columbia, is about 20 km
long, and is never wider than about 4 km or deeper
than about 65 m. It has two sills that are both shal-
lower than 20 m. It connects to Indian Arm which is
also about 20 km long but has a maximum depth of
about 220 m. A numerical model is used to simulate
deepwater renewals that were observed to occur in Bur-
rard Inlet/Indian Arm over a time period of about one
hundred days during the winter of 1984/85. The re-
newals (bottom water flowing from Burrard Inlet into
Indian Arm) occurred (or intensified) during neap tide
and caused a steady increase in the density near the
bottom in Indian Arm. The model successfully repro-
duces the renewal events for a simulation time of at
least eighty-five days. It uses a Mellor-Yamada, level-2
turbulence closure scheme, for which the local turbu-
lent energy production is balanced by local dissipation,
and for which the turbulent length scale is prescribed.
The length scale varies linearly with depth near the sur-
face and bottom, and is constrained to never be larger
than (1) 20 % of the water depth, and (2) the Ozmidov
length scale. A lower bound is imposed on the ver-
tical diffusion coefficients that depends on the Brunt-
Vaisala frequency N. Its magnitude, for a given N, is
different in Burrard Inlet and in Indian Arm, and it
was estimated from observed variations in the scalar

fields. When the influence of horizontal variations in
the along-channel velocity on the turbulent energy pro-
duction is taken into account, the model simulates the
observations more accurately.

OS31O-13 1150h

Turbulent Energy Production and
Mixing in a Highly Stratified
Estuarine Front

Daniel G. MacDonald1 (508-289-3564;
dmacdonald@whoi.edu)

W. Rockwell Geyer2 (508-289-2868;
rgeyer@whoi.edu)

1MIT-Woods Hole Oceanographic Institution Joint
Program in Oceanography , MS 16, Woods Hole
Oceanographic Institution, Woods Hole, MA 02543,
United States

2Woods Hole Oceanographic Institution, MS 12,
Woods Hole, MA 02543, United States

A front at the mouth of a highly stratified estuary
is investigated to quantify turbulent energy production
and buoyancy flux rates. River plume models often as-
sume inviscid conditions in this near-field region of a
river plume. However, the data from this study indi-
cates that on the order of 40% of the total streamwise
kinetic energy of a riverine outflow can be lost to tur-
bulent kinetic energy (TKE) within the first kilome-
ter behind the front. The study was conducted at the
mouth of the Fraser River (British Columbia), during
the summer freshet of 1999. During the freshet, the
Fraser River is characterized by flows on the order of

104 cubic meters per second, with typical tidal oscil-
lations of 2.5 to 4 meters. These conditions combine
to generate highly stratified conditions and an oscil-
lating salt wedge within the estuary. The salt wedge,
which can intrude landward some 10 to 20 km during
the flooding tide, is expelled from the estuarine channel
daily during the larger ebb of the highly diurnal tidal
cycle. This study focuses on data collected during the
end of the ebb, at which point the salt wedge remains
in a quasi stationary position at the river mouth for
several hours. Measurements were collected primarily
from two ship mounted Acoustic Doppler Current Pro-
filers (ADCPs), and a towed conductivity-temperature-
depth (CTD) unit. Estimates of TKE production were
generated by calculating the energy loss along indi-
vidual streamlines, using a Bernoulli approach, result-
ing in profiles of TKE production through the water
column. An assumption of zero pressure gradient in
the nearly motionless fluid at depth was used to esti-
mate the barotropic component of the Bernoulli func-
tion. These results compared favorably with estimates
of buoyancy flux evaluated using a control volume salt-
conservation approach. Both estimates indicated large
quantities of TKE, with dissipation rates on the order

of 10−3m2s−3.
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Western Pacific Marginal Seas V
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Overview of Japan-Russia-US joint
research project in the Sea of Okhotsk

Masaaki Wakatsuchi (81-11-706-5480;
masaakiw@lowten.hokudai.ac.jp)

Institute of Low Temperature Science, Hokkaido Uni-
versity, Nishi8 KIta 19 Kitaku, Sapporo 060-0819,
Japan

It is well known that the Sea of Okhotsk is one of
the southernmost seasonal sea ice zone in the North-
ern Hemisphere. Recently, it is noticed that the Sea
may be one of ventilation regions for the North Pacific
Intermediate Water (NPIW); if so, the absorption of
carbon dioxide may occur there. The Sea of Okhotsk
is also known as a region of the extremely high biologi-
cal productivity. In spite of the scientifically attractive
region, there have been very few oceanographic obser-
vations in the Sea of Okhotsk. In this joint research
project, we have had four times cruises with a Russian
R/V ”Professor Khromov” in 1998 through 2001, to
have oceanographical observations in the almost whole
Sea of Okhotsk. From these cruises, we could obtain
valuable data to be able to investigate for ocean cir-
culation, water mass production and material cycle in
the Sea of Okhotsk, and water exchange between the
Sea and the North Pacific which should make a dis-
cussion about budgets of heat and fresh water in the
Sea of Okhotsk possible. In this meeting, preliminary
results of the above investigations will be reported by
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several co-researchers. To also investigate air-sea in-
teraction in the sea ice covered region, we also have
done atmospheric observations over the sea ice cover
in the Okhotsk Sea in winter of 2000, using a Russian
aircraft. We further have done in-situ observations of
sea ice off the Hokkaido in every winter since 1996, us-
ing an icebreaker ”Soya” of Maritime Agency as col-
laboration with the Agency. Our final goal is to clar-
ify a role of the Sea of Okhotsk in the North Pacific
Ocean through the research methods of remote sens-
ing and modeling as well as the investigations based
on all the above observational data. This study was
carried out as a joint research project with the inter-
national research groups from Japan (Hokkaido Univer-
sity, JST and JAMSTEC), Russia (FERHRI and CAO)
and U.S.A. (UW and SOI).

OS31P-02 0850h

The Wind-Driven Circulation in the Sea
of Okhotsk

Kay I Ohshima1 (81-11-706-5481;

ohshima@lowtem.hokudai.ac.jp); Daisuke

Shimizu1; Motoyo Itoh1; Genta Mizuta2;

Yasushi Fukamachi1; Masaaki Wakatsuchi1

1Institute of Low Temperature Science, Hokkaido Uni-
versity, Kita-19, Nishi-8, Kita-ku, Sapporo 060-
0819, Japan

2Graduate School of Environmental Earth Science,
Hokkaido University, Kita-10, Nishi-5, Kita-ku,
Sapporo 060-0810, Japan

The circulation in the Okhotsk Sea had been pre-
sented only schematically in several Russian litera-
tures; the major feature is an anticlockwise circula-
tion with a western boundary current along the east
Sakhalin coast, historically called the East Sakhalin
Current (ESC). Results from recent current measure-
ments with the surface drifters and moorings are con-
sistent with these schematics. The existence of the
southward boundary current (ESC) is clearly identified.
The volume transport of this current is estimated to

be 7 Sv (1 Sv = 106m3s−1) in annual average, with
maximum in winter and minimum in summer. Geopo-
tential anomalies from the historical hydrographic data
also suggest the anticlockwise circulation over the mid-
north areas. We propose that the anticlockwise circula-
tion is driven by the wind stress curl and that a part of
ESC can be regarded as the western boundary current.
Both from the high resolution ECMWF and COADS
data, annual mean wind stress shows positive curl τ
over the sea, which can drive the anticlockwise circu-
lation. The Sverdrup mass transport at 53 N can be
estimated to be about 5 Sv. In the zonal hydrographic
section at 53 N, the pycnocline gradually rise from east
to west and sharply drop at the western boundary, sug-
gesting the Sverdrup balance in the interior region. A
numerical model experiment is also carried out with
the forcing of seasonal wind. The results are consistent
with the observations as the first approximation. Baro-
clinic feature is persistent throughout the year, since it
takes 10–20 years for the first baroclinic Rossby wave
to cross the sea. Barotropic component in the western
boundary current shows large seasonal variations with
maximum in winter and minimum in summer, corre-
sponding to the large seasonal variation in Sverdrup
mass transport.

OS31P-03 0905h

Mooring Measurement of the Flow Field
and its Seasonal Variability off the
East Coast of Sakhalin
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2Institute of Low Temperature Science, Hokkaido Uni-
versity, Kita 19, Nishi 8, Sapporo 060-0819, Japan

The flow field off the east coast of Sakhalin is im-
portant as a basic quantity that determines the trans-
port of the original water of the North Pacific Inter-
mediate Water (Kitani 1973, Talley 1991), less saline
water affected by Amur River, and sea ice. We carried
out long term mooring measurement from July 1998 to
June 2000 in this region. In most of the mooring period
a persistent southward current was observed, which ex-
tends from the surface to a depth around 1000 m. The
current speed clearly changes with season with max-
imum speed attained in January or February. Three
different cores of intense current are identified in the
southward current. First, there is a southward current,
which is centered above the continental slope at the

surface. This current has rather large vertical extent,
reaching the bottom on the slope. Second, a south-
ward current confined above the shelf near the surface
is observed from October to November. The vertical
shear of this current is associated with less saline sur-
face water affected by Amur river discharge. Finally, a
southward current trapped near the bottom exists on
the slope. The spatial and temporal distribution of the
bottom trapped current coincides with that of the dense
shelf water, which is formed on the broad shelf in the
north. The intensity of the current damps abruptly at
the downstream of the broad shelf, where strong mix-
ing of the dense shelf water with surrounding waters are
indicated by other studies. The total transport of the

southward current is 7.2 ×106 m3/s in annual average

and 14.1×106 m3/s in maximum.

OS31P-04 0920h

Estimation of Dense Shelf Water
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of Sakhalin
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Hokkaido University, Sapporo 060-0810, Japan

The region off the east coast of Sakhalin is thought
of as an important pathway of the dense shelf wa-
ter (DSW) produced in the northwestern part of the
Okhotsk Sea to its southern part. From July 1998 to
June 2000, a long-term mooring experiment was carried
out in this region for the first time. Among 10 moor-
ings, three of them were located in the slope region off
the northern Sakhalin (two along 53N and one around
54.9N). At these slope sites, instruments were deployed
in the depth range of 200-450 m, which roughly coin-
cides the range of the DSW (26.7 < σθ < 27.0). Data
were collected from July 1998 to September 1999 at
both of the two moorings along 53N. Water proper-
ties have marked differences between these two sites
about 23 km apart at the bottom depths of about 500
and 1000 m. Seasonal variability is prominent only at
the nearshore mooring. With a definition of σθ > 26.7
and T < 0 for the DSW observed at the moorings, the
DSW transport is much larger at the nearshore site (6.5

× 10−3 Sv/km) than the offshore site (7.1 × 10−4

Sv/km). Data were also collected from September 1999
to June 2000 at the nearshore mooring around 53N and
the northern mooring around 54.9N. At the nearshore
site, water properties show marked differences between
1998-1999 and 1999-2000. The estimated DSW trans-
port shows corresponding differences in these two years.
There are significant peaks of the DSW transport dur-
ing winter and spring in 1999, but not in 2000. Also,
there are considerable peaks during fall in 1999, but
not in 1998. The latter peaks are more prominent at
the northern mooring. It is likely that these differences
in the DSW transport are due to differences in ice pro-
duction over the northern and northwestern shelves up-
stream.

OS31P-05 0935h

Direct Observations of Dense Water
Formation on the Northwestern Shelf
of the Okhotsk Sea

Andrey Y Shcherbina1 (858-822-4458;

ashcherbina@ucsd.edu)

Lynne D Talley1

Daniel L Rudnick1

1Scripps Institution of oceanography, University of
California, San Diego, 9500 Gilman Dr., La Jolla,
CA 92093-0230

The Okhotsk Sea is the principal site of ventilation
of intermediate depth waters of the North Pacific. The
ventilation is driven by brine rejection that accompa-
nies ice formation in the polynyas along the northern
coast of the basin. A set of two bottom moorings was
used to study the dense water formation on the north-
western shelf of the Okhotsk Sea in winter of 1999-2000.
Each mooring was equipped with a CTD and upward-
looking broadband ADCP.

The CTD record showed that the lowest bottom
density occurred in early winter and was associated
with the off-shore transition of the shelf front. As a
result the densification of the shelf water during the
ice season started at a density of approximately 26.25

σθ . This is significantly lower than the commonly ac-
cepted value of 26.6 σθ , determined previously on the
basis of summer and autumn surveys.

Ice formation at the moorings’ sites started in mid-
January, and was accompanied by a steady nearly lin-
ear salinity and density increase on the inshore instru-
ment. The trend continued until the end of February,
with the density increasing from 26.25 to 26.92 σθ in 35
days. The maximum density of 26.95 σθ was reached
in a short burst in mid-March. A slow density decrease
was observed throughout the rest of the record. Ob-
served temperatures were close to freezing throughout
the winter.

Termination of the linear density increase as well
as all other significant changes in the density record
were accompanied by semidiurnal internal tide intensi-
fication events, suggesting an important role for tidal
mixing in the dynamics of the dense water formation in
the region.
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characteristic mechanism in a
seasonally ice-bound region
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Most of western Pacific marginal seas have large
continental shelves, which play important roles in ma-
terial exchange processes between land and ocean. The
Sea of Okhotsk also has a large continental shelf, how-
ever the flux and impact of material transport from
the continental shelf to deep basins have not been clar-
ified yet. In this study, we observed spatio-temporal
variations in the suspended and sinking particulate
matter in the northwestern continental shelf and the
slope region off Sakhalin in the Sea of Okhotsk using
a CTD/turibidity meter and sediment trap systems.
In this region, an intense western boundary current,
East Sakhalin Current, flows southward and transports
large amounts of biogenic and lithogenic particles from
the northwestern continental shelf to central and south-
ern deep basins. Lithogenic particles on the continen-
tal shelf, originating from Amur river, are transported
mainly by two mechanisms characteristic in the season-
ally ice-bound sea. One is the ice-rafted debris (IRD),
floating southward on surface in winter and dropping
into sea-floor in early spring. The other is the lateral
advection of an extremely turbid water mass into in-
termediate layers. In the Sea of Okhotsk, a cold and
dense water mass is produced by rejection of brine wa-
ters during sea-ice formation on the northwestern con-
tinental shelf. This dense water mass, penetrating into
the intermediate layer of deep basins in next autumn, is
loaded with large amount of particulate matter on the
bottom of shelf during spring and summer. Because the
flux of IRD is very small, the latter process transports
most of lithogenic particle from the continental shelf,
and total amount of particles from the northwestern
shelf into the intermediate layer can be estimated ap-
proximately as 5.2 Tg/yr. Because the biological pro-
ductivity on the northwestern shelf region is very high,
particles discharged into the intermediate layer contain
large amounts of fresh organic matter, which must con-
tribute to the biota in the intermediate layer of the Sea
of Okhotsk.

OS31P-07 1025h
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One of the bottlenecks of the Okhotsk study is the
uncertainty of the transport from/to the North Pacific.
The Bussol Strait is the largest gap between these two
basins, but estimate of the transport through the strait
is difficult because of strong tide, severe winter condi-
tion etc. Intensive direct current measurements were
performed with a lowered ADCP across the strait from
29th Aug.to 15th Sep.2001 on R/V Professor Khromov.
The narrowest part of the strait (roughly 80km wide)
was covered by 13 stations. At each station, the lowered
ADCP mounted on a CTD profiler is cast successively
for at least 25 hours. At least 6 casts were made at
one station (which gives 12 observations at one depth
with up and down cast). From the time series thus ob-
tained, diurnal and semi-diurnal components of tide are
filtered out. Casts at 6 stations were repeated for neap
and spring tides. The velocity measured by the low-
ered ADCP is converted to absolute velocity with GPS
data and bottom track data. Following features are
found with preliminary analysis. The tidal flow turns
out to be barotropic in the deep part and baroclinic in
the shallow part. K1 tide shows larger amplitude than
M2 tide, and both along- and across- strait components
have similar magnitude. At the spring, the amplitude
of K1 tide can reach 50 cm/s even at deep part of the
strait. The strait has two deep passages separated by
a sill of depth roughly 600m. Stronger residual com-
ponent is seen in the southwestern passage and it is
a two-layer exchange flow. The upper layer flows out
from the Sea of Okhotsk to the North Pacific, while the
lower layer flows in the opposite direction. The two-
layer structure is also found in the northeastern pas-
sage, although the residual flow is much weaker than
the southwestern passage.
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5Institute of Low Temperature Science, Hokkaido Uni-
versity, Kita19jo, Nishi8chome, Kita-ku, Sapporo,
HO 060-0819, Japan

Mooring observations were carried out in three sta-
tions in the Bussol’ strait, which has a sill and open-
ings in the northeast and the west of the sill. These
stations are called Stas.US1, US2, and J1, which are
in the western opening, at the deepest of the north-
eastern opening, and on the northeastern slope of the
northeastern opening, respectively. We analyzed ev-
ery one-hour data of current velocities, temperature,
and salinity observed from July 1998 to June 2000 at
around 300m and 500m depth, whose densities are 26.6-
27.0, 26.8-27.2σθ , respectively.

We filtered out the diurnal and semidiurnal tidal
components for northward, west-northwestward, and
northwestward components of current velocity to in-
vestigate their seasonal variations for the 300m layer
at Stas.US1, US2, and J1, respectively. The outflow
from the Okhotsk Sea occurred throughout the obser-
vational period for Sta.US1 having maxima in late De-
cember 1998, late April, mid June, early August, and
late December 1999 in Sta.US1. On the other hand,
the inflow occurred almost throughout the period in
Stas.US1 and J1. Significant seasonal variation cannot
be seen for these inflow components.

Most of T-S relationships from the moored CTDs
are between cold and low salinity water in the north-
ern Okhotsk Sea and warm and saline water southeast
of the strait, which were observed by R/V Khromov.
This suggests that mixed water called the Oyashio Wa-
ter is formed between the Okhotsk Sea water and the
Pacific water around the strait or its upstream region.
Mixing ratio of the Okhotsk Sea water is calculated for
the moored CTD data on the assumption of isopycnal
mixing between these two waters. The ratio tends to
increase from early January to early April for the 300m
layer in Sta.US1, from early December to late March for
the 300m layer in Sta.US2 and the 300m and 500m lay-
ers in Sta.J1. The Okhotsk Sea water flowed out with-
out mixing in the shallower layer in winter and spring
mainly through the west opening of the strait.

The mixing ratio is multiplied by the inflow com-
ponent to estimate mass flux of the Okhotsk Sea and
Pacific waters. The Okhotsk Sea water significantly
flowed out from the sea throughout the observational
period having maxima in late January, late April, mid
June, early August in 1999, and mid February 2000 in
Sta.US1. The Pacific water flowed into the Okhotsk
Sea in Stas.US2 and J1 throughout the period but the
flux is smaller than inflow of the Okhotsk Sea water.
Estimated outflow of the Okhotsk Sea water is about
1.0Sv between isopycnals of 26.6-27.0σθ at most.
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Exchange volume transports between the Okhotsk
Sea and the western subarctic North Pacific were esti-
mated on the basis of the direct current measurements
with Lowered Acoustic Current Profiler (LADCP) com-
bined with hydrographic data observed in August-
September 1999 in the area around Kuril Islands.
The southwestward Oyashio transport was 14-16 Sv
(=106m3/s) in the density of 26.6-27.5, in which the
net Okhotsk Sea water (OSW) was 4.2Sv. 2.9Sv of
OSW was out from the Krusensterna Strait and ad-
ditional 1.3Sv joined from the Bussol’ Strait. 0.6Sv
of OSW recirculated along the western subarctic gyre.
Another 3.5Sv joined the formation of North Pacific
Intermediate Water (NPIW) as a cross subarctic front
(SAF) transport along the coast (1.4Sv) and across the
offshore SAF (2.1Sv). The production rate of dense
shelf water (DSW) through sea-ice formation was esti-
mated to be at least 0.9Sv.
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The outflow water from the Sea of Okhotsk is a ma-
jor source of the North Pacific Intermediate Water that
exhibits a well-defined salinity minimum in the sub-
tropical North Pacific. The water from the Okhotsk
first flows along the Kuril Islands and Japanese coast
as a part of the Oyashio water, and finally reaches the
subtropical gyre via the Mixed Water Region (MWR)
where the water is vigorously mixed with the Kuroshio
water and transformed. In this study, the pathways of
the Okhotsk water in the MWR is discussed using a
high-resolution regional model based on POM. Major
features of the Kuroshio and Oyashio System, such as
sharp separation of Kuroshio followed by the Kuroshio
Extension (KE) and the Oyashio southward intrusion
off the northeastern coast of Japan, have been well rep-
resented in this model.

As well as in reality, the Okhotsk water in the model
is characterized by low potential vorticity (PV), and ex-
hibits complicated pathways in the MWR. Once the low
PV water reaches the northeastern coast of Japan ad-
vected by the Oyashio, it is first entrained into an anti-
cyclonic circulation associated with a major warm core
ring that semi-permanently exists in the region. It then
bifurcates into three pathways with the low PV water
being transported out from the warm core ring, which
are: (1) Northern pathway southward from the subarc-
tic front, (2) Coastal pathway near the Japanese coast
which is finally to be entraind by the KE at the first
crest, and (3) Offshore pathway to be linked to the KE
at the second crest. In the geostrophic mean flow field,
there are flow regimes associated with the subarctic

gyre, the warm core ring and the above three pathways,
with distinct boundaries characterized by their inter-
sections, i.e., hyperbolic stagnantion points. The low
PV water pathways cross the geostrophic regime bound-
aries around the stagnation points, indicating that the
cross-frontal exchange by transient flows and eddies -
so-called chaotic transport - is an essential mechanism
for forming the low PV water pathways.
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A detailed survey of the area off the Kuril Islands
was conducted in May-June, 2000 by R/V Mirai. The
survey included continuous underway measurements of
current, temperature, salinity, nutrients, dissolved oxy-
gen, carbonate parameters (dissolved inorganic car-
bon and pCO2) and fluorescence in the surface water.
XCTD profiling and deep hydrocasts were also carried
out. The data obtained gave us an opportunity to con-
sider the distributions of physical and chemical param-
eters in the surface and intermediate water layers of the
Oyashio Current region. We show that these distribu-
tions are significantly affected by an anticyclonic eddy
located in the front of the Bussol Strait through the
advection and water mixing. Topex/ERS data are used
to explore the pathway of the eddy. By using SeaWifs
chlorophyll data we also discuss the impacts of the Oy-
ashio eddies on the spatial variations in the biological
production of the study area.
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We have constructed new hydrographic and tracer
climatologies of the South Atlantic by adjusting mod-
ern section data in repeat-sampling regions, using lo-
cally defined temperature ranges of minimum property
variability. The resulting isopycnal fields contain sig-
nificantly less small-scale features at all depths and
show much better agreement between different trac-
ers than existing climatologies. The distributions of
some tracers (e.g. oxygen and salinity) at the level of
North Atlantic Deep Water (NADW) are characterized
by large zonal gradients on both the eastern and the
western flanks of the Mid-Atlantic Ridge (MAR). Po-
tential vorticity (PV) maps (f / layer thickness) at the
same level derived from the new climatology show a
surprisingly simple pattern, with the zonal gradients al-
most entirely restricted to the eastern ridge flank, i.e.
with zonal PV contours in the abyssal basins and on
the western ridge flank. East of the MAR the isoha-
lines (and, in parts of the domain, the isopleths of oxy-
gen as well) are essentially parallel to the PV contours
while, south of about 15◦S, they are at a significant
angle on the western flank, consistent with a different
net effect of mixing above the two flanks of the ridge.
We relate the tracer observations to the velocity field


