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been used to explore large scale gradients in nutrients
and hydrography through the North Atlantic subtrop-
ical gyre. Two meridional transects along 64◦W from
35◦N to 19◦N were conducted during Sept 2000 and
Oct 2001 essentially repeating the WOCE line A22 of
1997. Variations in temperature, salinity, thickness,
and depth of the subtropical mode water were exam-
ined through the gyre. The integrated heat content of
the upper 1200m was estimated and correlated with the
changes seen at the BATS and Hydrostation S sites,
with the contribution from the mode water to the heat
and salt budget being determined. Records from Hy-
drostation S and BATS show that the depth of the
18◦C isotherm has steadily increased by approximately
100m during the past 12 years. Comparison of the re-
cent transects with the WOCE survey show a similar
general deepening trend throughout the gyre.
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Time series measurement of methane dissolved in
seawater had been made at the western North Pacific
Ocean Time series site (Station KNOT: 44◦ N, 155◦
E) from 1999 to 2000. The concentrations of methane
were supersaturated throughout the year in the upper
150 m layer, having a subsurface maximum below the
pycnocline. The concentrations of methane were under-
saturated with present atmospheric concentration and
decreased with depth below 200 m. There was a sea-
sonal variation of methane concentration at the sub-
surface maximum. The concentration of methane was
3.5 nM in May 1999 at 100 m depth, and increased
in summer - fall season. In October 1999, methane
concentration came up to 4.8 nM. This methane maxi-
mum was decreased in January and February 2000 due
to the strong vertical mixing in winter. In May 2000,
methane maximum was disappeared and methane con-
centration was down to 3.7 nM. This seasonal cycle of
methane maximum is caused by in-situ production of
methane at the subsurface layer in summer - fall sea-
son and outgassing of methane to the atmosphere in
winter - spring season. Phytoplankton and microzoo-
plankton mainly lived in surface mixed layer and hardly
existed in subsurface layer all year round at station
KNOT, suggesting that they are not related with sub-
surface methane production directly. Seasonal vertical
migration of large zooplankton like Copepoda may be
concerned with formation of subsurface methane maxi-
mum.
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Estimating particle flux in the upper ocean is quite
difficult. Issues such as hydrodynamic interference and
swimmers can bias flux estimates inferred from stan-
dard surface-tethered traps. Neutrally buoyant sedi-
ment traps (NBST) have recently been developed in
order to address some of these problems and hopefully
provide a more accurate estimate of the upper ocean
particle flux.

In this study, we compared material collected in
NBST to material collected in standard sediment traps
(PITS) deployed during June and September, 2001, at
the Bermuda Atlantic Time-series Study (BATS) site.
We compared the total mass, POC, PON, 234-Thorium
flux, and elemental fluxes (Si, Ca, Mg, Fe, Al, Ba, Sr,
Mn, Ti, V, Ni, Cu, P, and S) of the material collected
in both types of traps. Additionally, we examined mi-
croscopically the particles that were collected.

The mass, POC, PON and 234-Th did not vary
greatly between the material collected in the NBST and
the material collected in the PITS. The fluxes (and con-
centrations) of many of the other elements differed in
June versus September, most likely as a consequence
of changing particle types and flux. For example, in
June, fluxes of certain elements (such as Fe and Ti)
were higher in the NBST versus the PITS material
whereas in September, fluxes of other elements (such as
Ba) were higher in the PITS versus the NBST material.
At all times, the NBST collected many fewer swimmers
than the PITS. One deployment of NBST collected a
large number of amphipods and their eggs, which were
not caught by the PITS. Amphipods are known to as-
sociate with marine snow particles, so the collection of
these animals and their eggs suggests that the NBST
may be more efficient at collecting slowly settling ma-
rine snow. Additionally, intriguing blue particles were
present only in material collected in the NBST. Over-
all, this study showed that flux estimates depend on
both season and sediment trap type. Thus, one would
infer different upper ocean fluxes and budgets for vari-
ous elements depending upon the sinking particle char-
acteristics and the tools used to sample these particles.
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210Pb and 210Po were measured in particulate and
dissolved (<0.4 µm) phases in the Mediterranean up-
per water column within the JGOFS DYFAMED pro-
gram. A temporal series of ∼monthly profiles (0-200 m)
was obtained at DYFAMED station (43◦25N, 7◦52E)
off Nice, France, between October 1993 and May 1994.
Radionuclide profiles were converted to fluxes using
modeling. Exported particulate organic carbon (POC)
fluxes were then estimated using radionuclide/POC ra-
tios obtained at that site. Results are discussed to-
gether with estimates of Po and POC fluxes from sedi-
ment traps time series obtained simultaneously.
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Three global monthly precipitation datasets, which
are gauge precipitations,NCEP/NCAR reanalysis, and
Climate Prediction Center Merged Analysis of Precipi-
tation (CMAP), are analyzed with respect to Bidecadal
Oscillation (BDO). Correlations between the gauge
data and NPI (hereafter NPI), which is well known as
Aleutian low strength in winter, exhibit substantial im-
pacts of the BDO on precipitations around the Pacific
Ocean. Statistically meaningful positive correlations
are observed over the eastern China/southern Japan,
Hawaii, mid-latitude North America, southeastern Aus-
tralia, and negative correlations are over Florida, and
western Australia. Coherency analysis between the raw
gauge data averaged over high correlation region and
NPI, indicated 99% significant bi-decadal peak (16-
25-year) for Hawaii, Florida and eastern China/south
Japan. In particular, the strongest precipitation in

Hawaii is in phase with NPI through the 20th century,
and explained variance by NPI for unfiltered precip-
itation is the highest (12%) in the world. The most
energetic precipitation changes have occurred over the
North Pacific, where positive correlations in the trop-
ical and northern North Pacific and negative corre-
lations in between is apparent in the reanalysis and
CMAP data. Viz, the precipitation in the tropical
and northern North Pacific decreases (increases) along
with strengthened (weakened) Aleutian low and in be-
tween increases (decreases). This precipitation pattern
in the North Pacific is quantitatively agrees well with
the moisture flux convergence integrated from surface
to 300 hPa level, and the contribution of evaporations
generally small.
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Both sea fog and storm surge, one of the most fre-
quent atmospheric phenomena on sea, discourage the
activities in sea and cause some damage on ships or
men to make economic loss due to poor visibility and
high waves. In the military aspects, poor visibility and
high waves could be a primary factor of natural phe-
nomena to weaken the abilities of military operation.
It is important to develop the technique for forecasting
sea fog or sea wave in every respect of economy, soci-
ety, and military. But it is so hard to enhance devel-
opment of technique for forecasting sea fog because of
lack in observation data in sea. It makes it difficult to
produce initial data and to evaluate forecast outputs
from numerical prediction models for sea fog. There-
fore, set-up of real-time monitoring system for sea fog
is needed to understand the mechanism of generation
and maintenance of sea fog. Marine Meteorology and
Earthquake Laboratory in Meteorological Research In-
stitute installed the system for real-time weather mon-
itoring on coast in the one of the weather stations in
the coast of the East Sea. This system, newly designed
for many users to monitor the weather on coast simul-
taneously on the real-time basis, could be also used in
military. This system provides the remote-control on
the Web using TCP/IP on real time basis, visibility
meter of forward scattering type, AWS, coincident dis-
play of fixed and fan-tilt camera, retrieval of visibility
digital data and figures not only in the present but also
in the past. Especially, installed 20-times zoom cam-
era of low-intensity(0.005 LUX) makes it possible to
monitor coasts in the night time. Now it is only con-
nected to LAN in Korea Meteorological Administration,
but would be available for other institutes and military
forces after establishing the mirror site and assigning
ID to them. Wave radar system is equipped for obser-
vation of sea wave in one station in Cheju island. In
this study we introduce the results of real-time observa-
tion system for sea wave and ones of forecast system.
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An intensive ocean and atmosphere observation ex-
periment was conducted over the southeastern part of
the Yellow Sea from 31 May to 3 June 2001. Not only
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SST, surface air temperature and humidity at every 10
minutes, and wind speed at every hour from CTD ob-
servation on the observation ship and surface station
but upper-air data at every 6 hour from rawinsonde
observation are observed and collected for analyses of
sea fog. A sea fog was observed during 2-3 June 2001.
A sea fog was formed under the synoptic condition of
strengthening high pressure system. It might be trig-
gered when wind was changed into the southerly, strong
warm advection occurred over colder sea surface, atmo-
spheric pressure increased and strong stable layer with
dry air located in the lower stratosphere. Observed sea
fog sustained in very shallow layer below about 100m
high, and showed strong surface inversion, decrease of
wind speed, lowering air temperature, and increase of
relative humidity at the surface layer after outbreak of
the sea fog.
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The existence of variations in the main tidal con-
stituents has been known for a long time from water
level records. In this study we have analyzed the long-
term tidal records to investigate variations of the tidal
constituents around the Korean Peninsula. The first
principal components of M2 tide and O1 tide which
represent a seasonal variation have a different spatial
distribution of eigenvectors. In the Yellow Sea, the M2
amplitude in summer is larger than that in winter, and
vice versa, in the Korea Strait including Cheju island
and the East Sea. The O1 amplitude in summer, in the
Yellow Sea and the Korea Strait, is larger than that in
winter, and vice versa, in the East Sea. To interpret
the seasonal variations of the tidal constituents, we ap-
plied the three-dimensional numerical model known as
Princeton Ocean Model with a different vertical tem-
perature profile. The results of model are well coin-
cided the spatial discrepancy of the seasonal variation.
The seasonal variations of M2 tide in the Yellow Sea
are considered to be induced by the seasonal change of
stratification.

OS11C-30 0830h POSTER

The Seasonal Variability of the
Thermocline in the South Region of
the South China Sea

Wei WU1 (1-979-845-3238; wuw@ocean.tamu.edu)

Ayal Anis1 (1-409-740-4987; anisa@tamug.tamu.edu)

Xinhua Fang2 (86-532-203-2546;
fangxinhua@public.qd.sd.cn)

1Department of Oceanography, Texas A & M Univer-
sity at Galveston, 5007 Avenue U, Galveston, TX
77551, United States

2Laboratory of Physical Oceanography, Institute of
Physical Oceanography, Ocean University of Qing-
dao, 5 Yushan Road, Qingdao, SD 266003, China

The seasonal variability of the thermocline struc-
ture in the southern region of the South China Sea
(108◦ - 118◦ E, 4◦ - 12◦ N) was investigated. Our
analysis is based on detailed CTD sections collected
during six oceanographic surveys conducted between
1989 and 1999. Thermoclines were observed during all
seasons with single and double thermoclines being the
most common. Triple and quadruple thermoclines were
observed mainly to the west of the Palawan Sea Trough.

The depth of the thermocline was shallowest (20-
50m), and exhibited a relatively smaller variability,
from winter to late spring. Deepening of the thermo-
cline occurred from late spring to summer and maxi-
mum depth (60-90m) was reached in early autumn.

The variability in the thickness of the thermocline
was found to be smallest from winter to late spring
with thicknesses ranging from 40 to 80m. Largest ther-
mocline thicknesses were observed in the summer (60-
100m), and showed relatively small changes from sum-
mer until early autumn.

Vertical temperature gradients in the thermocline
were weakest, and showed no significant variability,

from winter to summer (0.10◦C/m to 0.16◦C/m). The
largest temperature gradients were observed during au-
tumn (0.14◦C/m to 0.20◦C/m). Estimates of the buoy-

ancy frequency in the thermocline ranged from 10−2

s−1 to 10−1 s−1.
The observed structure of the thermocline in this re-

gion, seems to be consistent with the seasonal variabil-
ity of the sea surface heat budget and the local winds
(including monsoons). However, interannual variability
cannot be ruled out and may have been responsible for
the relatively thinner thermocline observed in Decem-
ber 1989.

This work was supported by NKSPC (Grant No. 97-
926-05-02), NNSFC (Grant No. 49976002) and RFD-
PHEC (Grant No. 98042306).
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Geometric methods used for the study of dynamical
systems has been introduced to the analysis of oceano-
graphic flow field in the last 10 years or so. In partic-
ular, discovery of finite-time invariant manifolds and
their associated hyperbolic stagnation point in a meso-
scale flow field had advanced understanding of the fluid
transport during the meander formation of an unstable
jet. The nature of these manifolds are to preserve the
area bounded by them and, therefore, the fluid parti-
cles do not cross the bounding manifolds. However, the
geometry of the manifolds can become rather compli-
cated and, therefore, the transport of particles appear
chaotic.

In this study, we present application of such anal-
ysis to a data set from a regional OGCM simulating
the Kuroshio and the Kuroshio extension. There are
two cases considered in this study. One is a case of
relatively long-life-manifolds that is found in the south
of the Japan coast. The other is a case of short-life-
manifolds that appear at the Kuroshio extension. We
will show that the existense of these manifolds asso-
ciated with two hyperbolic points will guide the shal-
low Kuroshio coastal waters into the Kuroshio exten-
sion and into the Kuroshio-Oyashio confluence zone.

Without such chaotic transport mechanism, in a
steady flow case, the shallow coastal water of the
Enshu-nada Sea (ENSW) recirculates regardless of
whether the Kuroshio path is straight or has mean-
ders. The recirculation is formed as a result of flow
separation at the sharp coastline. On the other hand,
in case of an unsteady meander development phase, we
will show that the ENSW discharges into the Kuroshio
extension region as a result of perturbation to the
long-life-manifolds. The particles further intrude north
into the Kuroshio-Oyashio confluence region when the
short-life-manifolds appear in association with the de-
velopment of eddies north of the Kuroshio jet. These
mechanisms exist even without the Ekman drift and
may play an important role in the transportation of the
fish eggs and larvae from the southern Japan spawning
ground to the nutrient rich Kuroshio-Oyashio transi-
tion zone.
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The East China Sea shelf together with the Yellow
Sea and the Bohai Sea forms one of the largest con-
tiguous shelf seas in the world. The residence times
of waters in this large shelf sea estimated by various
authors span a wide range, from 0.8 yr to 2.3 yr. Sur-
face salinity distribution in the East China Sea shows
that the southern East China Sea shelf is rather high
in salinity (around 34 psu) in contrast to the north-
ern shelf, where the mean salinity is typically less than
33 psu. The temperature distribution at 50 m always
shows a large patch of cold water (less than 10 deg. C)
in the northern shelf, while the southern water is always
warmer than 15 deg. C even in winter. We used a two-
box model to simulate the north-south contrast. The
isohaline of 33.5 psu of the annual mean salinity distri-
bution at sea surface is adopted as the boundary for the
two boxes. It roughly extends from the China coast at

28 deg. N towards northeast. For the water budget, we
included the Taiwan Strait inflow (1.08 Sv), which has
been either ignored or severely underestimated in pre-
vious calculations of residence time of the East China
Sea shelf water. We also included other observed vol-
ume transports for the calculation: the Kuroshio intru-
sion northeast of Taiwan (0.86 Sv), fresh water inputs
in the north (0.031 Sv) and the south (0.005 Sv) and the
Tsushima Strait outflow (0.6 Sv). From salt balance,
we found the Kuroshio intrusion to the Yellow Sea to be
0.32 Sv and the northward flow from the southern shelf
to be 0.15 Sv. From the volume transports, we obtained
the residence time of 1.4 yr for the northern shelf and a
mere 0.34 yr for the southern shelf. The rapid flushing
of the southern shelf water by the intruding Kuroshio
water and the inflow of the South China Sea water from
the Taiwan Strait explains the persistent high temper-
ature and salinity. The longer residence time of the
northern shelf provides opportunity for significant ac-
cumulation of nutrients in the shelf bottom water off
the Changjiang river mouth.
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210Po and 210Pb were measured on the suspended

particulate matter (SPM) and filtered water samples
collected in profile from seven stations in the north-
ern part of the South China Sea (SCS), including the
Bashi Channel, during 3 cruises aboard R/V Ocean Re-
search L in 2000. The dissolved 210Pb profiles gen-
erally display a surface layer maximum around 20 to
30 dpm/100kg due to atmospheric input, and a mini-
mum of about 15 to 20 dpm/100kg from 500 to 1500
m. Below 1500 m 210Pb increases to a maximum of
about 25 dpm/100kg around 2500 to 3000 m before de-
creasing somewhat toward the bottom. The particu-
late 210Pb is nearly constant around 5 dpm/100kg for
the entire water column. Although the dissolved 210Po
profiles are somewhat similar to the dissolved 210Pb
profiles, the 210Po activities vary only between 1 and
10 dpm/100kg, much lower than their corresponding
210Pb activities. The particulate 210Po is generally
about 4 dpm/100kg or less with or without increasing
toward the bottom. Both the dissolved and the total
(dissolved + particulate) 210Po to 210Pb activity ra-
tios vary between 0.1 to 0.5 with a mean of 0.3, in-
dicating a large deficiency of 210Po relative to 210Pb
in the northern SCS. This ratio corresponds to a 210Po
scavenging mean residence time of about 3 months with
respect to 210Pb distribution. Large 210Po deficiency
has also been observed in the East China Sea. The high
particulate 210Po and 210Pb activities measured from
samples of small SPM concentrations yield very high
specific activities for these nuclides, especially 210Pb
which may be as high as 500 dpm/g. It is imperative to
understand the fate and pathway of the missing 210Po.
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We examined depth profiles of dissolved and partic-

ulate 234Th collected in the northern South China Sea
and in the Taiwan Strait during a cruise in July 2000.
Deficiency of total 234Th relative to 238U was observed
through the upper 200 m. With a steady state model,
upper ocean particulate organic carbon export were es-
timated based on the 234Th-238U disequilibria and the
ratios of particulate organic carbon to 234Th. The es-
timates are 8.3-10.0 mmol C m-2 d-1 in the northern
South China Sea and 3.9 mmol C m-2 d-1 in the Taiwan
Strait. Replicate sampling over a time span of a week
at a station in the South China Sea was conducted to
examine the steady state assumption. The POC export
based upon a non-steady state model did not signifi-
cantly differ from the steady state results.

234Th export (so called ThE) ratios based on
234Th-derived POC flux/14C based primary produc-
tion ranged from 0.25 0.75 (average=0.45). These high
ThE ratios suggest that the South China Sea has a
characteristic high export efficiency regardless of a low
primary production that is <23 mmol C m-2 d-1, a
value typical of oligotrophic regimes. Measurements
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at the replicate sampling station showed an increase
in primary productivity by a factor of 2, from 11 to
23 mmol C m-2 d-1, yet 234Th-derived POC export
did not vary significantly over this one week time span.
As a consequence, the ThE ratio dropped from 0.75 to
0.38, which might indicate a decoupling mechanism of
POC export from the primary productivity.
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The mass balance of carbon and whether the South
China Sea (SCS) is a source or a sink of carbon to the
atmosphere is poorly known. Early studies of carbon
cycling were mostly conducted by Han et al of the In-
stitute of SCS Oceanography. They constructed a box
model of carbon cycling in the SCS. It was believed
that the SCS acted as a sink of carbon for the atmo-
sphere. While acknowledging the unknown nature of
carbon source/sink issue in the SCS, Chen et al con-
cluded that it might be a weak sink based on their mea-
surements at the Southern SCS. In the Taiwan Strait,
Northeast of the SCS, Zhang et al measured that the
area was a weak source of CO2 in summer and a sink
in winter. We have conducted survey of CO2 system
and its relationship to particular organic carbon cy-
cling, nutrients and physical parameters in the Taiwan
Strait and the Pearl River Delta areas along the coast
of mainland China during two spring-summer cruises.
Our findings show that these areas are strong source
of CO2 to the atmosphere except during strong bloom
times. Possible explanations will be given to reconcile
the differences between our observations and those of
earlier studies. Influences of the Pearl River inputs on
carbon cycling in the SCS will also be discussed. In ad-
dition, other research activities, such as isotopic tracer
studies, on carbon cycling in the SCS will be reviewed.
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South China Sea is the largest marginal sea in
the Northwestern Pacific. Biogeochemical studies con-
ducted in the South China Sea remains very limited.
During a cruise we conducted in the Pearl River Estu-
ary and Northern South China Sea in May 2001, we ob-
served a phytoplankton bloom followed by a river plume
induced by heavy rain precipitations. This river plume
discharged significant nutrients into the estuary and to
the adjacent coastal region, and stimulated a phyto-
plankton bloom in the region near and offshore Hong
Kong. Several folds of increase in biomass manifested
by Chl.a was observable during the bloom. Phytoplank-
ton community structure significantly shifted from a
pico-phytoplankton dominated one to a structure dom-
inated by both micro- and pico-size algae. As a re-
sponse to this phytoplankton bloom, we observed sig-
nificant changes in N/P ratio to >100 in the surface
water, suggesting an obvious phosphorus limiting con-
dition when the bloom occurred. Along with this bloom
event, we also observed a significant pCO2 and DIC

drop, demonstrating an enhanced photosynthesis pro-
cess, which resulted in an elevated dissolved organic
carbon concentration during the bloom as compared to
the prior bloom condition. Detailed presentation will
be given to the dynamic of this bloom event with vari-
ous responding biogeochemical parameters.
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Chla enhancement offshore the Pearl River Estuary
was observed associated with enhanced river runoff and
tidal currents during May of 2001. Chla was surveyed
with an underway fluorometer. High Chla was devel-
oped offshore the estuary (around 114.2E, 21.7N) with
an approximate time frame between 24 May and 29
May, 2001. Chla concentration increased from ca.0.2
mg/m3 in prior bloom condition to ca.2mg/m3 during
the bloom. Apart from this high Chla region, Chla
maintained at an identically high level to the prior
bloom period inside the estuary with a Chla level up to
18 mg/m3. The distance between these two high Chla
regions was approximately 50km. We suggest that the
blooming water offshore the estuary likely came with
a river plume with enriched Chla and nutrients, which
stimulated a higher primary productivity level in the
region of typical nutrient depletion at usual hydrody-
namic circumstance. Further interpretation will be pre-
sented with additional meteorological, hydrological and
remote sensing data.
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Dissolved organic carbon (DOC) is the largest pool
of reactive carbon in the world’s oceans. In order to
better model the cycling of carbon on a global scale, it
is necessary to understand both oceanic DOC dynamics
as well as DOC transport and transformation processes
within estuaries and coastal seas, which serve as links
between terrestrial and marine systems.

The Pearl River (Zhujiang) delivers 350 km3 of fresh
water to the South China Sea annually (11,100 m3/s).
As the Zhujiang is a major world river, the study of car-
bon exchange dynamics between the Zhujiang and the
South China Sea will add to our understanding of car-
bon exchange between marine and terrestrial systems
and the effect of estuarine processes on coastal ocean
carbon cycling.

Chromophoric Dissolved Organic Matter (CDOM)
and Dissolved and Total Organic Carbon (DOC, TOC)
were measured during a cruise in the Pearl River Es-
tuary and South China Sea in May, 2001. Underway,
continuous measurements of CDOM were made along
salinity transects using a Seatech CDOM fluorome-
ter (λex=330nm, λem=450), while additional discrete
samples for fluorescence, TOC and DOC were collected
along transects as well as during station stops. DOC
concentrations of surface waters measured range from
59µM to189µM. The low salinity region within the es-
tuary appears to contain multiple sources of DOC and
CDOM, possibly due to the various tributaries draining
different watersheds. Mid-salinity waters appear con-
servative for DOC and CDOM with respect to Salin-
ity (S), suggesting that production and removal pro-
cesses are minor over time scales on the order of 10
days, the approximate residence time of water in the
estuary. DOC in the offshore end of transects appears
to have additional non-chromophoric inputs. DOC vs
Fluorescence plots indicate a linear relationship within
the estuary (at DOC levels above 100µM), suggesting
that in this region CDOM is representative of total

DOC. However, this linear relationship does not con-
tinue offshore, possibly due to photobleaching as well
as non-fluorescent DOC inputs. Results of high resolu-
tion underway CDOM measurements as well as discrete
measurements will be discussed in relationship to other
biogeochemical parameters measured.
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To investigate distribution and community struc-
ture of nano- and microzooplankton as trophic links
in coastal waters off Inchon, abundance and carbon
biomass of nano- and microzooplankton were evalu-
ated in relation to size-fractionated chlorophyll-a con-
centration, at interval of ten days in Inchon coastal
area from January 1997 to December 1999. Commu-
nity of nano- and microzooplankton was classified by
4 group of heterotrophic nanoflagellate (HNF), het-
erotrophic ciliate, heterotrohpic dinoflagellate (HDF)
and copepod nauplii. Abundance and carbon biomass

of HNF ranged from 435 to 4,431 cells ml−1 (average

: 1,936±81 cells ml−1 ) and from 1.3 to 15.4 ugC l−1

(average : 5.18±0.31 ugC l−1), respectively. Abun-
dance and carbon biomass of ciliate ranged from 1,274

to 33,854 cells l−1 (average : 5,350 ± 593 cells l−1)

and from 1.8 to 81.3 ugC l−1 (average : 18.9±1.4 ugC

l−1), respectively. Abundance and carbon biomass of

HDF ranged from 354 to 94,584 cells l−1 (average :

4,559±718 cells l−1) and from 0.6 to 71.2 ugC l−1 (av-

erage : 12.2±1.5 ugC l−1), respectively. Abundance
and carbon biomass of copepod nauplii ranged from

11 to 680 indiv. l−1 (average : 120±12 indiv. l−1)

and from 0.8 to 63.4 ugC l−1 (average : 9.5±0.9 ugC

l−1), respectively. Carbon biomass of nano- and mi-

crozooplankton biomass ranged 10.2 to 168.8 ugC l−1

(average : 45.5±2.7 ugC l−1), and was highest during
or after phytoplankton bloom. Nano- and microzoo-
plankton community were composed of heterotrophic
ciliates (7.4- 81.4 %, average 42.9 % of total biomass),
copepod nauplii (1.6 - 70.6 %, average 21.6 % of total
biomass), HDF (0.1 - 70.3 %, average 21.2 % of total
biomass), and HNF (0.8 - 59.5 %, average 14.3 % of
total biomass). The relative contribution of each com-
ponent of the nano- and microzooplankton was showed
differences according to in season. The heterotrophic
ciliate groups were dominant in nearly all nano - and
microzooplankton community except summer commu-
nity. During the study, size distribution of nano- and
microzooplankton biomass were positively correlated
with size-fractionated chlorophyll-a concentrations, it
suggests that there is close prey-predator relationship
between nano- and microzooplankton and phytoplank-
ton.
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The Japanese common squid (Todarodes pacificus)
is the most important squid fisheries resource in Japan
and is one of the target species of the Total Al-
lowance Catch (TAC) system. T. pacificus is found
from the East China Sea to the Maritime Province of
Siberia, and it migrates seasonally around Japan and
Korea. The fishing ground for T. pacificus is primar-
ily along the East coast of Korea, between the islands
of Tsushima and Honshu. On the other hands, pri-
mary production is one of the important factors influ-
encing the T. pacificus distribution and migration in
Japan/East Sea. However, spatial distribution of pri-
mary production and its impact on T. pacificus fishing
ground formation in Japan/East Sea still remains of
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understanding. The objective of this study is to exam-
ine an impact of primary production in the Japan/East
Sea on T. pacificus fishing ground formation. This in-
formation is also used to help reveal the fishing ground
formation of T. pacificus. We defined T. pacificus fish-
ing ground as the bright areas in DMSP/OLS night-
time visible images from 1994 to 2000 created by two-
level slicing methods. To estimate the spatial distribu-
tion of primary production in Japan/East Sea, Orbvire-
2/SeaWiFS chlorophyll data from September 1997 to
December 2000 and Kameda and Ishizaka (2000) pri-
mary production model were employed. The results
show that high production areas occur along east coast
of Korea in autumn (Sep.-Nov.), south region of the po-
lar front formed around 40N in spring (Mar.-May) and
north part in summer (Jun.-Aug.). Spatial differences
of high primary production area show a clear agree-
ment with the seasonal movement of T. pacificus fish-
ing ground. These results suggest that seasonal vari-
ability of primary production may significantly influ-
ence on the fishing ground formation of T. pacificus in
Japan/East Sea.
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We describe the annual cycle of bio-optics and sea
surface temperature (SST) in the Japan/East Sea (JES)
using SeaWIFS and AVHRR imagery for 1998-1999.
The seasonal variability from SeaWIFS shows the de-
velopment of phytoplankton blooms in spring and fall,
and a co-varying response of the optical properties of
absorption and backscattering. The spring bloom be-
gins in the southern basin in March, propagates toward
the north, and subsides by June. In April, we observed
a strong phytoplankton bloom (chlorophyll concentra-
tion >1mg/m3) at the Subpolar Front, a region charac-
terized by a complex series of anticyclonic eddies. The
timing of the spring bloom differed by two weeks in
1998 and 1999. In the fall, a bloom started in Novem-
ber, reached chlorophyll levels of > 1.0 mg/m3 in the
northern basin, and extended into the southern basin
by January. We also examine the influence of the mixed
layer depth (from numerical models, NLOM) on the
phytoplankton bloom. The shoaling of the MLD to ap-
proximately 150 m appears to trigger the spring bloom,
while the fall bloom occurs with the deepening of the
MLD to 100m.

The bio-optical and SST distributions were used to
trace water masses in the JES using SeaWIFS monthly
composite images of backscattering (bb550), absorp-
tion from dissolved organic matter (adg), and chloro-
phyll concentration. We describe the seasonal bio-
optical and thermal response of surface waters and we
show how the distribution of these properties within
the basin can be used to trace biological growth and
decay processes.

OS11C-42 0830h POSTER

Measurement and Modeling of Inherent
Optical Properties and Remote
Sensing Reflectance in the Japan
(East) Sea

Malgorzata Stramska1 (858-822-4407;

mstramska@ucsd.edu)

Dariusz Stramski1 (858-534-3353;
dstramski@ucsd.edu)

Mati Kahru1 (858-534-8947; mkahru@ucsd.edu)

John Wieland1 (858-534-8947; wieland@ucsd.edu)

B. Greg Mitchell1 (858-534-2687;
gmitchell@ucsd.edu)

1Scripps Institution of Oceanography, University of
California, San Diego, 9500 Gilman Drive, Dept
0218, La Jolla, CA 92093-0218, United States

We present results of concurrent measurements of
spectral remote sensing reflectance, absorption coeffi-
cient, backscattering coefficient, and chlorophyll con-
centration (Chl) in the Japan (East) sea in summer

1999. We investigate how the variability in inher-
ent optical properties with Chl affects the empirical
ocean color algorithm. We did not observe a system-
atic change of the blue-to-green backscattering ratio
with chlorophyll. The variations in the blue-to-green
reflectance ratio with Chl was driven almost entirely
by the variation in the green-to-blue absorption ratio.
The correlation between the green-to-blue absorption
ratio and Chl is significantly reduced by the absorp-
tion by colored dissolved organic matter. Using a ra-
diative transfer numerical model we also examine the
consequences of a non-uniform Chl profile on the rela-
tionship between Rrs and surface Chl. Our results show
that vertical variations in Chl may affect the retrieval
of surface pigment concentration from ocean color in
the Japan (East) Sea during summer when pronounced
sub-surface Chl maxima develop.
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The main currents flowing into the East China Sea
and ultimately the Yellow and the Japan/East Sea are
the Kuroshio, entering through the passage between
Taiwan and the southwestern tip of the Ryuku Islands,
and the Taiwan Warm Current, entering through the
Taiwan Strait from the South China Sea. Insight into
the circulation of the East China Sea and origin of the
Tsushima current are investigated through direct, con-
current measurements of velocities through the Taiwan,
Cheju, and Korea Straits. Current data are obtained
from six bottom-mounted acoustic Doppler current pro-
filers (ADCPs) arrayed along a section spanning the
Korea Strait, a single bottom-moored ADCP in the
Cheju Strait, and four bottom-moored ADCPs along
a section spanning the Taiwan Strait. Mass transports
are computed for the October to December, 1999 time
period. In addition, heat and salt transports are exam-
ined in conjunction with climatological values of tem-
perature and salinity. Average volume transport is 0.14
Sverdrups (Sv) through the Taiwan Strait, 0.59 Sv for
the Cheju Strait, and 3.17 Sv for the Korea Strait. Salt
and heat transport through the Korea Strait and into

the Japan/East Sea are 110.48x106kg/s and 0.24x1015

watts (w), respectively. The bulk of flow through the
Korea Strait must come from the Kuroshio flowing onto
the shelf since the flow through the Taiwan Strait (0.14
Sv) is quite small. Some heat loss occurs in the Ko-
rea Strait but most of the Kuroshio heat loss occurs
in the East China Sea at a rate of about 200 w/m2,
and little heat is lost in the Yellow Sea. The total vol-
ume transport through the Korea Strait is formed from
Taiwan Warm Current and Kuroshio waters which may
have been modified by Yellow Sea, East China Sea, and
South China Sea waters, and by river outflows. The
main source for the Tsushima Current and its flow into
the Japan/East Sea is clearly the Kuroshio for this time
period.
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Acoustic measurements from two arrays of moored
Acoustic Doppler Current Profilers (ADCPs, deployed
by NRL), spanning the Tsushima Strait just north and
south of Tsushima Island, are used to create estimates
for the seasonal flow fields through the strait for the
summer, autumn and winter seasons of 1999-2000. In
addition to this ADCP data, TOPEX data is used to
help constrain the system of dynamics by supplying es-
timates to the seasonal variations in sea surface height

(SSH). By using weighted least squares, these two sets
of data are assimilated into a system of dynamics gov-
erned by linearized, time-independent, baroclinic shal-
low water equations. The forcing of these shallow wa-
ter equations comes from wind stress and climatology,
which are provided by the Navy Global Ocean and
Atmospheric Prediction System (NOGAPS) and the
Modular Ocean Data Assimilation System (MODAS)
respectively. Finally, the conjugate gradient inverse
method is used to obtain the best solution.

It has been shown in previous studies that the
flow through the Tsushima strait is mostly barotropic.
There are regions however, especially offshore the
southeast corner of Korea, that have been identified as
being subject to baroclinic processes during the warmer
seasons. These baroclinic processes can be verified by
computing the error to the dynamics that is associ-
ated with the best solution. Comparison of the errors
to the momentum equations with baroclinic dynamics
and without shows the spatial and seasonal variability
of the baroclinic dynamics. Since this analysis shows
where and when the baratropic approximation fails, it
can be concluded that baroclinic processes are promi-
nent in certain locations and at certain times and there-
fore should be included in the dynamics describing the
flow field through the Tsushima Strait.
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Data collected in the Korea/Tsushima Strait in
the course of the ”Linkages of Asian Marginal Seas”
(LINKS) program provides an unparalleled opportu-
nity for quantitative analysis of the baroclinic circu-
lation in the Strait and its variability on seasonal time
scales. The core of the LINKS data set comprises the
observations obtained from the array of ADCP current
meters covering ten months period from May 1999 to
March 2000. To recover from the data a fuller repre-
sentation of circulation in the Strait, we developed a
4D variational assimilation algorithm aimed at a syn-
thesis of ADCP data with contemporary CTD observa-
tions and available climatologies. The data are assim-
ilated into an implicit primitive equation model with
simplified but adequate dynamics. Since the resolu-
tion of the data set is approximately 30km, the model
represents the circulation on the time scales greater
than the inertial time scales and on spatial scales ex-
ceeding the Rossby radius. The model was specifically
designed for the baroclinic data assimilation of long-
term data sets in the domains strongly influenced by
the open boundaries. The model solution is controlled
via the initial distributions of temperature and salinity,
boundary conditions for temperature, salinity and sea
surface height on the open boundaries, and sea surface
fluxes. The data assimilation results describe realisti-
cally the large-scale transports of water masses through
the Strait. The model is capable of reproducing the sea-
sonal variability of the branching of Tsushima Warm
Current. The data assimilation provided dynamically
consistent estimates of the seasonal transport variabil-
ity and allowed to quantify the variability of heat and
salt fluxes through the Strait.
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A new reliable method is found to estimate current
vectors at 800 m from APEX data and applied in the
East Sea. Utilizing the exact repeat cycle of each float
and precise timing and position data at surface while
a float drifts for communication with satellites we can
find timing for each float to dive and surface. Then it
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is possible to eliminate surface drifts to estimate veloc-
ity at 800 m within a good accuracy. Currents at 800
m from APEX are consistent with mean currents from
moorings at a few locations observed during CREAMS
by Takematsu et al.(1999). Velocity field at 800 m
clearly shows an anticlockwise circulation in the eastern
Japan Basin (east of 133oE and north of 40oN). How-
ever, there is little indication of significant mean field
in the western Japan Basin as currents from APEX are
highly variable in direction and tend to be more ener-
getic than those in the eastern basin.

URL: http://eastsea.snu.ac.kr
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An oceanographic winter field program over the
Japan (East) Sea in the winter of 1999/2000 offers a
special perspective on nature of the atmospheric forc-
ing over this marginal sea. Surface meteorological mea-
surements were made at Vladivostok, from two research
vessels and at a moored meteorological buoy on the
South side of the Japan Sea. Mean wind speeds increase
across the sea while the sea-air temperature difference
tends to remain the same. During cold air outbreaks,
wind speeds are faster over all of the sea, the air is 10-
15◦C colder and the sea-air temperature difference is
greater although it tends to maintain the same value
across the sea.

Heat fluxes were calculated from the ship measure-
ments. The net surface flux and its components exhibit
large variability on time scales from several hours to
synoptic event scales. The mean total fluxes were -351
W per meter squared , reaching -600 to -800 W per me-
ter squared during cold air out breaks. Much of this
heat loss is due to the sensible and latent fluxes, which
ranged from roughly 0 to -350 W per meter squared on
synoptic (2-8 day) event scales.

The role of the very cold Siberian air events as com-
pared to the dominant cold Asian in the total winter
heat losses are examined using the Singular Value De-
composition (SVD) method. The first SVD heat flux
mode represents the increased heat loss during a very
cold air outbreak. This mode accounts for about 59% of
the total heat flux variability over the Japan Sea. The
intensification of NW winds during a very cold air out-
break leads to cooling over the entire Japan Sea, with
the larger losses occurring in the central part of the
sea south of Vladivostok and over the Tsushima Cur-
rent and East Korean Warm Current in the southwest
corner of the sea.
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The simulated response of the Japan (East) Sea
to synoptic atmospheric forcing is compared with
CREAMS II (1999-2001) observations, beginning with
hydrographic data (from Prof. Lynne Talley, SIO) and
deep PALACE float data (from Prof. Steve Riser,
UW). The simulated data are from the Princeton Ocean
Model, which is implemented with 10-km horizon-
tal resolution with 21 sigma (terrain-following) levels,
and driven by synoptic (NOGAPS) atmospheric forc-
ing with variable inflow at Korea (Tsushima) Strait
and outflow at Tsugaru and Soya Straits. Comparisons
of water properties between simulations and hydro-
graphic observations in summer 1999 and winter 2000

are demonstrated progressively, along repeat sections
and at subsurface/intermediate depths. Also demon-
strated are comparisons of the mean circulation (1 de-
gree squared bins) and related variability of Eulerian
velocities derived from quasi-Lagrangian float trajec-
tories and model output at 800 db.

OS11C-49 0830h POSTER

One-Dimensional Modeling of Deep
Convection in the Sea of Japan

Jorge Lopez1 (lopezd@purdue.edu)

Carol Anne Clayson1 (765-496-2866;
clayson@purdue.edu)

Maria Luneva1 (mluneva@purdue.edu)

1Department of Earth and Atmospheric Sciences,
Purdue University, 1397 CIVL Building, West
Lafayette, IN 47907-1397, United States

The formation of deep, open ocean convection in the
Japan (East) Sea has been indirectly observed during
the 1999-2000 season during an ONR -funded compre-
hensive observational/modeling program. These (and
earlier) observations in this region indicate that deep
convection in the JES is influenced by the strong cold-
air outbreaks penetrating through the Vladivostok gap.
In this work we use a one-dimensional ocean model
based on second moment closure of turbulence in order
to investigate several features of the deep convection
in JES. Using the in situ ocean data and surface heat,
moisture, and momentum fluxes from ECMWF results
to force the model we have reproduced several deep con-
vection events during the time period of August 1999 -
June 2000 in regions close to Peter the Great bay. The
deep convection events are shown to be sensitive to the
initial temperature-salinity profiles and surface evapo-
ration rates. In this study we will be presenting results
from these simulations and comparing the model simu-
lations with buoy and ship measurements. We will be
focusing specifically on the extent to which mesoscale
variations in the air-sea fluxes affect the development
of deep convection, and the extent to which the pre-
conditioning of the oceanic column influences the ini-
tial startup and resulting mixing of the deep convec-
tion. Comparisons with other observational and mod-
eling studies in the Labrador Sea will be drawn.
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Generation and evolution of thermal fronts and
their interaction with upper and bottom mixed layers
and bottom topography was investigated by 3-D nu-
merical modeling with fine resolution for two different
marginal semi-enclosed seas - the White Sea and the
Japan (East) Sea.

Firstly we reproduced the formation of thermal
fronts and organizing of along-shelf currents due to
eddy nonlinear interaction over an inhomogeneous bot-
tom relief in the simple case of single forcing: an ex-
tremely high tidal wave M2 penetrating into the White
Sea through the narrow and shallow Gorlo Straight and
for the condition of initial horizontally-homogeneous
stratification. We used an original 3-D numerical model
with 2 1/4 level closure turbulence (k-e) model with
1.7 km x 2.5 km horizontal resolution and 35 vertical
z-levels. This simple experiment allows us to observe
the main feature of the Neptune effect - the separation
of initially chaotic vortex field, generated near tidal
fronts, then the displacement of anticyclonic vorticity
to shallow regions and cyclonic vorticity to deep regions
that leads to the formation of strong currents following
f/h contours of bottom topography.

This effect is of importance for reproducing the
mean pathways of the upper-ocean currents in the
Japan Sea. To simulate the interaction of the ther-
mal front, topography effects and deep vertical mix-
ing in winter period in the Japan Sea we used the
sigma- coordinate model CUPOM with 1/24 degree res-
olution and 54 sigma levels. This allows us to repro-
duce well both the deepening of the mixed layer and
the generation and nonlinear interaction of synoptic-
and mesoscale eddies. We chose the years 1999-2000
for simulations due to the abundance of experimen-
tal measurements and data during this period. Initial
conditions for temperature and salinity were obtained

by hydro-dynamical interpolation of Reville and Khro-
mov ships CTD measurements in July and August 1999.
ECMWF heat and moisture fluxes and wind stresses
were used as forcing conditions on the sea surface. At
the liquid lateral boundary in the Tsushima Straight
mass, heat, salt and momentum fluxes were set using
the results of the Tsushima Straight model and veloc-
ity measurements of bottom mounted ADCP. Results of
this modeling show the strong influence of well-resolved
mesoscale variability to the position of thermal fronts
and occurrence of currents following f/h bottom topog-
raphy contours. The importance of deep convection
to the overall mesoscale variability through inputs of
baroclinic instability will be discussed.
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An experiment with POM (Princeton Ocean Model)
indicates that a cyclonic gyre centered in the eastern
Japan Basin is the most prominent circulation feature
in the northern half of Japan (East) Sea (JES). The
strength of the cyclonic gyre is sensitive to the smooth-
ness of bottom topography, such that smoother topog-
raphy tends to yield a weaker cyclonic gyre. Since the
relative strength of the cyclonic gyre and the circula-
tion in the southern JES determine the position of the
boundary (the so-called Subpolar Front and Jet which
runs zonally in the middle of JES) between them, the
dependency of the strength of the cyclonic gyre on the
smoothness of the topography implies that the separa-
tion latitude (and overshooting) of East Korean Warm
Current (EKWC) can change according to the topogra-
phy used in the model. Explanations for this behavior
are sought and other factors such as wind stress curl,
surface heat flux, horizontal friction parameter (HOR-
CON), grid resolution, initial T/S field, etc. are also
examined for their possible roles. Sensitivity to the fac-
tors is measured in terms of transport of the cyclonic
gyre as well as its size, separation latitude of EKWC,
etc.
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The circulation of the Sea of Okhotsk is investigated
with special emphasis paid on the East Sakhalin Cur-
rent (ESC) using POM (Princeton Ocean Model) with
realistic topography. The horizontal resolution is about
1◦/6 in latitude and longitude. All straits are closed,
and the inflow and outflow are neglected. Monthly
wind stress field calculated from daily ECMWF Re-
analysis data (ERA15) is used as the forcing, and the
integration is made for 20 years until the circulation at-
tains almost steady state. In winter, although the Sea
of Okhotsk is partially covered with sea ice, the change
in the stress by the presence of sea ice is not taken into
consideration in our model. Annual mean wind stress
shows positive wind stress curl over the sea, which can
drive the anticlockwise circulation. Therefore, ESC can
be reproduced as a western boundary current along
the east of Sakhalin Island. Although this southward
boundary current, trapped over the shelf slope exists
through the year, it exhibits clear seasonal variation in
the volume transport with its maximum of 7.8 Sv in
January and its minimum of 2.4 Sv in August at 53◦N.
This seasonal variation is roughly consistent with that
of Sverdrup mass transport. However, the seasonal am-
plitude in our model is less than that of Sverdrup trans-
port and the observed transport with moorings (Mizuta
et al., this session). The phase in the model coincides
with the observation but is 2-3 months behind that
from the Sverdrup mass transport. When we examine
the vorticity balance in the interior of the basin, the
balance is not simply explained by the Sverdrup bal-
ance; the bottom pressure torque also plays important
role. We also identify the current core trapped close
to the near-shore; this current is interpreted as the ar-
rested topographic wave driven by the along shore wind
stress not by wind stress curl.
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From historical hydrographic data, the existence of
anticyclonic circulation is expected in the southern half
of the Okhotsk Sea, Kuril Basin. Within this anticy-
clonic circulation, several mesoscale anticyclonic eddies
with diameter 100 - 200 km are often observed in the
hydrographic data, satellite imagery and ARGOS sur-
face drifters. Kuril Basin is considered as a kind of
confluent area. Cold and low salinity Dense Shelf Wa-
ter due to sea ice formation, warm and saline North
Pacific Water, and warm and high oxygen Soya Warm
Water from the Japan Sea merge and form Okhotsk Sea
Intermediate Water in the Kuril Basin. Extensive ver-
tical mixing in the Kuril Straits partly contributes to
this water mass transformation.

Summer hydrographic surveys in 1998 show the ex-
istence of several anticyclonic eddies in the Kuril Basin.
An eddy located west of the Kuril Basin with diameter
50 km has cold, low salinity and low potential vorticity
core, suggesting an influence from the Dense Shelf Wa-
ter. Cold and thick Dense Shelf Water formed on the
northern shelf is transported southward along the shelf
slope by the East Sakhalin Current, and seems to leave
the shelf and form cold-core anticyclonic eddy. Another
eddy located southwest of the Kuril Basin with diame-
ter 100 km has cold and low salinity core, and warm and
high oxygen water surround the cold core. This eddy
derives warm and high oxygen properties through mix-
ing with Soya Warm Water. Eddies located near the
Bussolf Strait with diameter 50 km have warm, high
salinity and low potential vorticity core. These anticy-
clonic eddies with warm core seems to be formed by the
vertical mixing near the straits. Both cold and warm
core eddies have thick intermediate layer and only an-
ticyclonic eddies could be generated within the Kuril
Basin.
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Time-series sediment traps were deployed at two
stations in the Okhotsk Sea and at three stations in the
western subarctic Pacific Ocean. In the Okhotsk Sea, at
each of the trap location sediment traps at two different
depths were deployed during Aug. 1998 through Aug.
2000, as part of ”Joint Japanese-Russian-U. S. Study
of the Sea of Okhotsk”, during the cruises of R/V Pro-
fessor Khromov, Far East Hydrometeological Institute,
Russia. In the western subarctic Pacific Ocean, three
depth-series sediment traps at each of three locations
were deployed during Dec. 1997 through May. 2000
during the cruises of R/V Mire, Japan Marine Science
and Technology Center.
In the Okhotsk Sea, radiolarian fluxes (No. shells m-2
d-1) showed significant peaks during summer-autumn
at both trap locations. The radiolarian fluxes during
August to November accounted for 60-87 percent of the
total annual flux. On the other hand, during February-
May of sea-ice cover at each of trap sites radiolarian
fluxes were significantly low, indicating that the sea-ice
cover has significant impact on radiolarian production.
Such a marked spring flux suppression found in the ice
bound marginal sea was not found in the pelagic radi-
olarian flux.
The detailed comparisons of the radiolarian fluxes in

the marginal sea and the pelagic regions provide use-
ful information concerning the differences in extent of
biological production, species composition, and season-
ality leading to realistic interpretations of the present
and the past climate changes.
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The Sea of Okhotsk is located in the northwestern
North Pacific and covered with sea ice in wintertime.
Dense continental shelf water formed in area off the
northern Sakhalin in wintertime is thought to be one
of source regions of the North Pacific Intermediate Wa-
ter. The Continental shelf pump proposed by us is one
of the processes transported CO2 from the atmosphere
to the ocean interior, which is working well in the East
China Sea. To examine quantitatively the pump in the
Sea of Okhotsk, we measured chemical components re-
lating to carbonate chemistry of seawater, which will
give the amount of CO2 transported to the North Pa-
cific.

The sampling was carried out during the Okhotsk
Cruise of R/V Professor Khromov (summer in 1998,
late summer in 1999, and early summer in 2000). Sea-
water samples were collected from various depths at
stations in the regions around Bussol Strait, east coast
of Sakhalin Island, and northwestern continental shelf
near Amur river mouth. Dissolved inorganic carbon
(DIC), total alkalinity (TA), pH and chemical com-
ponents were measured. DIC was determined with a
coulometric method. TA and pH were determined with
a modified one point titration method using a combined
electrode. Measured DIC and TA were normalized to
salinity 35. The precisions of DIC and TA were around
0.1%.

The normalized DIC increased with depth due to
decomposition of organic matter and dissolution of
CaCO3. The normalized TA first decreased with depth
down to about 200m, and increased in deeper layers
down to the bottom. The higher normalized TA in the
surface water in the northern Sea of Okhotsk is due to
the Amur river. From a liner relation to 1/Salinity, al-
kalinity of Amur river water was estimated to be about
660 µmol/kg. The excess CO2 of the subsurface wa-
ter off the northeast of Sakhalin is maximum value at
about 300m depth. This maximum layer of the Sea of
Okhotsk Intermediate Water coincides with the CFCs
maximum layer. The distribution of excess CO2 sup-
ports the continental shelf pump working also in the
shelf zone of the Sea of Okhotsk. However, the amount
of excess CO2 remaining in the northern Sakhalin was
lower than that in the East China Sea.

OS11C-56 0830h POSTER

Effects of dense shelf water and
diapycnal mixing on the Okhotsk Sea
Intermediate Water

Michiyo Yamamoto1 (81-11-706-2246;

yamami@ees.hokudai.ac.jp)

Shizuo Tsunogai1 (81-11-706-2246;
mag hu@ees.hokudai.ac.jp)

Shuichi Watanabe1,3 (81-468-67-9500;
swata@jamstec.go.jp)

Masaaki Wakatsuchi2 (81-11-706-5480;
masaakiw@soya.lowtem.hokudai.ac.jp)

1Graduate School of Environmental Earth Science,
Hokkaido University, N10 W5 Kitaku, Sapporo 060-
0810, Japan

2Institute of Low Temperature Science, Hokkaido Uni-
versity, N19 W8 Kitaku, Sapporo 060-0810, Japan

3Japan Marine Science and Tecnology Center, 2-15
Natsushimacho, Yokosuka 237-0061, Japan

The Okhotsk Sea is a region where cold, low-salinity
and high-oxygen intermediate water is formed. The
Okhotsk Sea Intermediate Water (OSIW) is thought to
be a source of the North Pacific Intermediate Water

(NPIW). To make clear the role of the OSIW in the
NPIW and in the global climate system, the processes
of the OSIW formation were studied with chemical trac-
ers such as oxygen isotopes in seawater and CFCs.

The cold and high-CFCs water existing on the
northern continental shelf was dense enough to enter
the intermediate layer. The relationship between salin-

ity and δ18O of this dense shelf water (DSW) was de-
viated from that of surrounding waters, because the
DSW includes brine excluded during sea-ice formation.
By utilizing this distinct relationship of DSW, the frac-
tion of the DSW in the OSIW has been estimated. It
amounts to around 20%, which is lower than that es-
timated from the temperature distribution alone. This
is due to the fact that temperature method considers
only the isopycnal mixing, and thus the disagreement
suggests that the diapycnal mixing plays some role in
the OSIW formation. Our results show that the mix-
ing with DSW can make only 26% of the temperature
difference between the Pacific water and the OSIW at
the density surface of 26.8 sigma-theta.

The pCFCs distribution on isopycnal surfaces of
the OSIW showed that the concentration was higher
in the region near the DSW forming at the density sur-
faces between 26.8-26.9 simga-theta. On the density
surfaces of 27.0-27.3 sigma-theta, higher pCFCs were
found in two regions, north west of the Sakhalin Island
and the Kuril Basin adjacent to the Kuril Islands. On
the 27.4 sigma-theta surface, the pCFCs concentrations
were the highest in the region around the Bussol Strait.
These results indicated that the diapycnal mixing near
the strait should be the important process to transport
CFCs to deep layer.

The formation rate of the OSIW was estimated us-
ing a box model technique constrained by the CFCs
concentrations. This model includes the simplified di-

apycnal mixing process estimated from δ18O, salinity
and temperature. We have obtained the formation rate
of the OSIW to be 4.4 Sv from CFC-11 or 5.4 Sv from
CFC-12, and the renewal time of the OSIW is estimated
to be about 4 years.
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Acoustic Doppler current profiler (ADCP) and CTD
data were collected for two days in May 1998, three
days in May 1999, and three days in August 1999 in
the southeastern Bering Sea off Unimak Island, located
in the Alaska Peninsula. Hourly current measurements
were also recorded from two moorings in the study
area. Surface temperature, salinity, and fluorescence
were continually measured via the ship flow-through
system. Tidal components were extracted from velocity
measurements by utilizing a least squares fit method.
Wind estimates were obtained from the SAR (synthetic
aperture radar) sensor on the Radarsat satellite.

Analysis of ADCP, mooring data, and Radarsat
SAR images reveals an eddy with velocities reaching a
maximum of 14 cm/s and a diameter of approximately
50 km located 30km from shore and centered on the
55m contour. The eddy is consistent throughout the
water column and appears to result from wind stress as
southeasterly wind flowing across the Alaska Peninsula
is forced through volcano passes.

Eddies have never previously been documented on
the southeastern Bering Sea shelf in waters less than
100m and could have an important influence on the
structure of the frontal regime as well as on the trans-
port of water properties and nutrients on the shelf.
Principle Component Analysis (PCA) of salinity, tem-
perature, and fluorescence suggests that the water col-
umn was well mixed inshore and shows evidence of a
saline front but does not suggest a temperature front.
This type of structure is normal along the southeastern
Bering Sea coast when spring ice-melt causes salinity to
decrease before waters have a chance to warm.
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In order to realize connection between alkenone pro-
duction and modern sea surface environment, we in-
vestigated alkenones produced in 2000 Emiliania huxleyi
(E.huxleyi ) bloom at the eastern Bering Sea. Alkenone
in surface water was detected in a limited area rang-
ing from 57◦N to 63◦N, where was low phosphate and
high ammonium/nitrate ratio. This nutrient condi-
tion was similar as that in the surface Atlantic water
when E.huxleyi bloom occurred. Total alkenone content
(C37:2, C37:3 and C37:4) per a gram of suspended par-
ticles ranged from 22.0 to 349µg/g dry weight. For
surface sediment samples, total alkenone content per a
gram of sediment ranged from 0.109 to 1.42µg/g. These
results suggest that large part of particulate alkenones
synthesized in the surface water was immediately de-
graded through the water column and/or in the inter-
face layer between bottom water and ocean floor de-
spite of shallow water depth of 70m on the shelf. How-
ever, the alkenone content in the surface sediment was
2-20 times higher than those of the pelagic area in
the North Pacific, therefore the bloom would be im-
portant as an effective event for transportation of or-

ganic carbon to the ocean floor. We also analyzed δ13C
alkenone value for some suspended particulate samples.

As a result, δ13C alkenone produced at bloom strongly
depended on the growth rate of E.huxleyi rather than

[CO2(aq)]. This finding implies that δ13C alkenone
would be useful as an indicator of paleo growth rate
of alkenone producer at high seasonality area for pri-
mary productivity (it means area that large part of an-
nual primary production is produced in a very short
term such as bloom). Alkenone temperatures for a
part of suspended particulate samples did not corre-
sponde to observed sea surface temperature (SST). On
the other hand, alkenone temperature of the surface
sediment ranged from 6.78 to 8.19◦C corresponding to
the average of SST in September, 7-8◦C. The differ-
ence between particulate alkenone temperature and ob-
served SST might be caused by the E.huxleyi bloom sta-
tus in logarithmic phase, because alkenone synthesize
system is unstable in logarithmic phase. The reason
why alkenone temperature recorded in sediment cor-
responded to the in-situ SST might be that alkenone
temperature of sediment is integrated value through
at least year order containing the logarithmic and the
stable phases. In addition, the alkenone tempera-
ture recorded in sediment suggested that large part
of alkenone was mainly synthesized in autumn in the
eastern Bering Sea. The most characteristic thing in
this study is that the relative amount of C37:4 in to-
tal alkenones were extremely high ranging from 18.3 to
41.4%. Such high C37:4 % is common feature in C37:4
detectable area where is susceptible to fresh water, and
sea surface salinity (SSS) of this study area was also
low, <32 psu during the observation. The relationship
between C37:4 % and SSS was a linear. This finding
expects C37:4 % in the sediment to become as a paleo
SSS indicator.
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As a molecular geochemical indicator, alkenone un-
saturation index (Uk37) has been applied to recon-
struct surface paleo-seawater temperature associated
with global climate change. The objectives of this
study are as follows: (1) to examine the production
and turnover rates of C37 alkenones during the Emil-
iania Huxleyi blooms in the eastern Bering Sea, (2)
to compare the in situ seawater temperature with the
Uk37 based seawater temperature for particulate mat-
ter and Pr-Uk37 or for newly biosynthesized cells, the
letter estimated using a 13C labeling technique, and
(3) to investigate the relationship between the alkenone
unsaturation index (Uk37) and the physiology of phy-
toplankton. The production rates of C37 alkenones
are highly variable in the surface water of the Bering
Sea (during Emiliania huxlei blooming), ranging from
0.074 – 0.17 for C37:2 and 0.23 – 0.66 for C32:3 re-
spectively. The temperature difference (dT**) between
in situ temperature and Uk37 based temperature for
particulate matter is generally larger than the tem-
perature difference between in situ temperature and
Pr-Uk37 based temperature. Turnover rates of C37
alkenones in particulate matter might be related to the
physiological changes of Emiliania Huxleyi, which may
be attributable to nutrient deficiency near the slope
area (BR00-10). The turnover rate of C37:3 seems
to be an indicator describing the temperature discrep-
ancy (dT**) between the in situ sea water temperature
and the C37 alkenone temperatures estimated by using
Uk37. The C37 alkenones concentration (12.5µg/L) at
BR00-10 is 3 fold larger than the concentrations (0.77-
3.07µg/L) at other three stations. In addition, the
Uk37 based seawater temperature at BR00-10 (3.96◦C)
is much lower than the in situ temperature (7.51◦C),
showing the largest seawater temperature difference
(dT**). This low temperature and large abundance of
C37 alkenones may be due to turbulent mixing like eddy
or tidal mixing on the slope area, considering the ex-
istence of very low temperature and high ammonium
concentration win the water mass beneath the surface
mixed water mass. The uncoupling between the in situ
temperature and Uk37 based seawater temperature at
the slope area (BR00-10) may designate the nutrient
supply mechanism related to the long duration of the
Emiliania Huxleyi bloom in summer (July to Septem-
ber, 2000). From these results, we suggest that Uk37
based temperature for particulate matter should be a
fingerprint of the water mass origin, but the use of
Pr-Uk37 can be a new way to make correction for the
difference between Uk37 based temperature and the in
situ temperature in the various ocean environments.

OS11C-60 0830h POSTER

Diatom Fluxes in the Western Subarctic
Pacific, 1997-2000

Jonaotaro Onodera1 (81-92-641-3131;
jo@geo.kyushu-u.ac.jp)

Kozo Takahashi1 (81-92-642-2656;
kozo@geo.kyushu-u.ac.jp)

Makio C. Honda2 (81-468-67-9502;
hondam@jamstec.go.jp)

1Department of Earth and Planetary Sciences, Gradu-
ate School of Science, Kyushu University, Hakozaki
6-10-1, Higashi-ku, Fukuoka 812-8581, Japan

2Japan Marine Science and Technology Center, Mutsu
Institute for Oceanography (Yokosuka office), Nat-
sushima 2-15, Yokosuka 237-0061, Japan

Time-series sediment trap samples were collected
during December 1997 to April 2000 at 1000 m, 3000
m, and 5000 m at Station KNOT (44◦N 155◦E; water
depth 5500 m) in the northwestern subarctic Pacific.
Components of diatom fluxes at three depths have been
measured and compared each other in this study. Ma-
jor diatom taxa at each depth were Neodenticula seminae,
Thalassiosira spp., and Chaetoceros spp.. Chaetoceros rest-
ing spores represented relatively high values. The dom-
inance by the major taxa indicates high productivity.
However, their diatom components were different from
the one of surface samples obtained in September 1999.
Moreover, the temporal flux patterns were different be-
tween 1000 and 3000 m. The mean total diatom flux
at 3000 m was 1.9 times higher than that at 1000 m.
In particular, the mean flux of Hyalochaete spp. at 3000
m was 4.7 times higher than that at 1000 m. This may
be linked with a possible lateral or oblique transport
through intermediate water containing Hyalochaete spp.
from hemipelagic or coastal regions. The high contents
of Chaetoceros resting spores suggest that part of the
particles arriving at 3000 and 5000 m were originated
from hemipelagic or coastal regions.
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Episodic N-NW wintertime “cold-air outbreaks” oc-
cur over the Japan/East Sea (JES) as a result of dry
and cold air masses incursions from the Eurasian con-
tinent. During such events, the air-sea interaction over
JES is greatly enhanced. In particular, an area about
150 km in diameter off Vladivostok referred to as the
“Flux Center” (FC) experiences very large fluxes of mo-
mentum, sensible and latent heats.

The study of meteorological forcing over JES was an
important objective of the ONR-sponsored winter 2000
JES experiment in which the NPGS/CIRPAS Twin Ot-
ter aircraft was a key component. To obtain turbu-
lence measurements, the aircraft was instrumented with
fast-responding wind, temperature, humidity and mo-
tion and navigation sensors. IR sea surface temper-
ature sensors were also installed. Thirteen research
flights, were flown from Misawa NAF, Japan, over the
Japan/East Sea during the month of February.

Three basic research goals were addressed with
different flight patterns: Internal Boundary-Layer
Growth: after transit to the FC South of Vladivos-
tok, a line of soundings from 100 to 3000-5000 feet was
flown following an approximate streamline across the
JES. Flux Mapping: after transit to the FC south of
Vladivostok, the surface-layer fluxes were mapped in
a grid pattern at 100 feet with soundings to 5000 feet.
Flux Divergence: after transit to the FC south of Vladi-
vostok, a vertical stack pattern was flown to determine
the flux divergence profile in the boundary layer.

Results of turbulent air-sea fluxes and boundary-
layer structure obtained from the three type of flights
will be presented. A dramatic growth of the internal
boundary layer (IBL) and a subsequent jump or second
IBL as the JES SST front was crossed were observed.
The IBL warmed, moistened and lost momentum along
the streamline. Enhanced fluxes were also observed in
the “Flux Center”. COAMPS model results will be
compared to the observations.
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The stoichiometric ratio between the release of
Ca2+ and carbonate alkalinity(Ac) during CaCO3 dis-
solution has been assumed to be 0.5 in previous sol-
ubility determinations. As is shown here, recent and
previous laboratory and field studies where both Ca2+
and Ac were measured demonstrate that this stoichio-
metric ratio is not strictly observed. We hypothesize
that sorption of Ca2+ and inorganic carbon species
may cause variations from the expected stoichiometric
ratio. Although surface complexation models have been


