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SUMMARY

I. Title

Study on ocean circulation and material flux of the East China Sea

II. Necessity and objective of the study

1. Necessity

a. Interdisciplinary study on circulation and material flux of the East

China Sea (ECS),

b. Acquisition of qualified data and information necessary for protection of
ocean environment, fisheries, and exploitation of marine resources in
ECS,

c. Exchange and collection of oceanographic data, introduction of newly

advanced observation and analyzing technics by involvement in the

international programs, and internationalization of the Korean ocean
sciences.

2. Objective

a. Goal of the first phase study (1994-1997): Study on major oceanic

processes related to the ocean circulation and material flux in the
central and eastern ECS

b. Final goal of the study: Clarification of ocean circulation and material

flux of ECS, and building of a comprehensive prediction system for
oceanic conditions

3. Goal of the first year study

Understanding on major oceanic processes in summer and circulation
- Origin of the Tsushima Current and its summertime path

- QOceanic processes occurring in the branching area of the Tsushima
Current

- Summertime structure of oceanographic conditions around Chejudo
- Model study on tide and oceanic circulation



III. General scope of the study

1. Interdisciplinary survey in summer

Survey area: Eastern ECS including the Korea Strait and sea around
Chejudo

Major items: CTD, current, tide and tidal current, dissolved plant
major inorganic nutrients, primary production, plankton

Observation period: Aug. 27 - Sept. 9, 1994

Vessel: R/V Onnuri of KORDI (1300 ton class)

Survey group: 19 members

2. Local survey around Chejudo

Survey items: CTD

Observation period Feb. 17-18; June 20-22; Sept. 6-15, 1994

(three times) '

Vessel: Training ship of Cheju National Univ.

Survey team: Physical oceanographers of Cheju National Univ.
3. Processing and analysis of historical and observed data

Quality-control of data

Processing of data collected in summer, 1994

Basic analysis of processed data

4. Model study
Tide and tidal current: test and improvement of two dimensional model,
model calibration, and estimation of major harmonic constituents,
tide-induced residual current
Ocean circulation: test and improvement of a three dimensional spectral
model, application of the model to ECS, with simplified bottom and
geometry, estimation of volume transport of the Tsushima Current
5. Inter-relation between different fields and strengthening of international
cooperation
- Planning, survey, interpretation of data for synthetic interdisciplinary
study ' '
- Organization of a workshop on coastal ocean processes of the Yellow
and East China Seas
~ International cooperation: involvement in the World Ocean Circulation
Experiment / Surface Velocity Programme (WOCE/SVP) and Joint



Global Ocean Flux Study (JGOFS)
- Regional cooperation with China, Japan, and Taiwan

First Institute of State Oceanic Administration in China: exchange of
CTD and current data, visit of one Chinese scientist to KORDI

Japan MASFLECS Program : exchange of information and scientists
(visit of two Korean scientist to Japan and two Japanese scientist to
KORDI)

Taiwan KEEP Program : exchange of information

IV. Results of the study

1. Current dynamics and circulation pattern

(1) Experiment of satellite-tracked surface drifters

- Manufacturing eleven satellite-tracked drifters (WOCE standard type)

- Conducting the experiment in August-September 1994 for the
summertime current field .

- Serving as a Korean program of WOCE / Surface Velocity Programme
for 1994-1995 and collecting new WOCE data observed in 1993-1994

- Determining releasing location and drogue depth by consulting four
times experiments conducted during 1991-1993 and recent WOCE data
file

- Focusing on (i) separation of the shore side fringe of the Kuroshio
water from the Kuroshio main stream, (ii) movement of mixed water in
the frontal zone west of the deep trough, (iii) path of the separated
Kuroshio water on shelf between the branching area and Chejudo, and
(iv) path of the Tsushima Current around Chejudo and in the Korea
Strait.

(2) ADCP measurements
- Observing current fields in August-September 1994 using a ship-
mounted ADCP on board of R/V Onnuri
- Conducting observations by the bottom tracking mode in shallow water
of less than 350 m and the none tracking mode in deeper water
- Collecting data at a 8 m interval vertically and pre-processing data by a
30 second moving average



- Estimating ship velocity from GPS, filtering pre-processed data by ten
minute and 2 km moving average methods

(3) Major results of the drifter experiment
a. Flow at the entrance of the deep trough west of Kyushu
- An eastward turning of the Kuroshio main stream toward Tokara
Strait
- Separation of the shore side fringe of the Kuroshio water and its
penetration onto the shelf
- Magnitude of shear at 50 m near station K5: about 2 (cm/s)/km.
b. Flow near the western shelf edge of the trough
- Existence of frontal waves or frontal eddies of scales of 50 km at the
western shelf edge of the trough near 29-30° N.
- A northward current north of 30° N, a southwestward flow south of
29° N.
- The southwestward flow followed isobaths of 100-150 m and joined the
Kuroshio northeast of Taiwan.
c. Flow between the branching area of Tsushima Current and Chejudo
- Drifters moved northward with a speed of about 10-25 cm/s.
- Trajectories were convergent toward a point of 127° 30’ E south of 31°
N, 31° 45’ N, but divergent toward Chejudo north of 32° N.
d. Flow around Chejudo and in the Korea Strait
- Drifters coming from the south along 100-200 m entered the Korea
Strait and their trajectories were convergent after passing 33° N, with
speed increased.
- Tsushima island seems to act as a separator of streamlines in the
Korea Strait.

(4) Current structure by the ADCP observations

- Data are contaminated significantly due to a misalignment of ADCP

- ADCP data can be used for current structure in the deep water where
tidal current is relatively weaker than oceanic current.

- Generally, current structure of the upper and lower layers on the shelf
area was different when the stratification was formed.

- Near the shelf edge, baroclinic component of current is important

- The Kuroshio main stream in the deep trough southwest of Kyushu
changed its direction gradually detoured eastward toward Tokara Strait.



- A southward flow was observed on the shelf slope of line ]J.
- The salinity maximum core is not located to the Kuroshio main stream

with maximum speed.

2. Spatio—temporal variability of surface wind in the seas adjacent to
Korea

(1) Data source
- Calculation of gridded surface wind for a 10 years period of 1978-1987
- Smoothing gridded data using values at the eight neibouring grids
- Filtering the data by a 29 days moving average and resampling every
ten days
- Application of the empirical orthogonal function (EOF) and spectrum
analysis to the low-passed gridded time series

(2) East-west (EW) surface wind

- The mean EW winds in the East Sea and Yellow Sea are opposite to
the wind in the East China Sea (out of phase), and the wind is
weakest in the Yellow Sea

- The standard deviation, larger than 3.0 m/s, exceeds the mean speed.
and it is maximum in the southern part and northeastern part of East
Sea, and in the sea adjacent to Taiwan.

- The variance is explained mainly by the lowest two EOF modes. .

- The prominent periodicity is 1 cpy for the first mode, and 0.5 and 1.0
cpy for the second mode.

— The half year periodicity may reflect frequent passages of moving
atmospheric pressure system from west to east.

(3) North-south (NS) surface wind
- Northerly wind is prevailing in seas adjacent to Korea, but southerly
wind in the open sea very far from the Japanese islands.
- The standard deviation is larger than 2 m/s, exceeding the mean speed.
It is maximum in the northern East Sea and northern East China Sea.
- The dominant periodicity of the first and second modes is 0.5 cpy.



3. Water masses and mixing

(1) Field observations

- Duration: August 28 - September 7, 1994
- CTD(SBE 9/11PLUS) casting: 103 stations in 11 sections
- BT deployment: 16 stations

(2) Analysis of the data observed
a. The western Korea Strait
- The Tsushima Warm Current Water (>34.5 psu) is found in the
bottom layer in the west path
- Low salinity water (31.0-32.0 psu) is located in the upper layer of the
west path
- The bottom cold water (<15 C) is appeared in the northern part
of the west path
b. The seas adjacent to Chejudo
- Low salinity waters (29.8-31.6 psu) cover the surface layer
- High salinity water is located in the bottom layer of area close to
Chejudo
- The Yellow Sea Bottom Cold Water (<10 C) is appeared in the trough
c. From shelf to shelf edge area
- Two kinds of mixed waters is distributed -
- High salinity water (>34.5 psu) is found in the bottom layer
d. From slope area to Okinawa trough
- Low salinity water (<34.0 psu) is distributed in the surface layer
- Kuroshio high salinity core (>34.9 psu) is located in 100-150 m depth
High salinity water (34.5-34.7 psu) separated from the Kuroshio
200 m thick low salinity layer (<34.3 psu) is found at 400-800 depth
- The deep water (<5 TC) is found in the depth deeper than 900 m

(3) Meso-scale phenomena .
a. Separation and intrusion of high salinity water from Kuroshio
- High salinity water separates at the 120 m depth in the region where
the Kuroshio turns to the east
- It flows to the north along the shelf edge
- It separates again at the northemn part of trough and then flows into
the shelf area and the Kyushu direction



b. Low salinity core at the surface layer in deep sea region
- Low salinity core (<33.8psu) is found at 50 m depth
- Th core is continued to the north with increasing salinity
c. High salinity core in the shelf area
- Relatively higher salinity water is found in the shelf
- It is believed that the core is a part of eddy based on ARGOS buoy
track
d. Length scale of horizontal mixing - upper limit is about 50 km

(4) Mixing processes
a. Fronts and thermocline
- Causes: boundary between Kuroshio and low salinity waters
strong stratification by solar radiation and freshwater input
- Effects: suppression of horizontal and vertical mixing and movement
of materials
b. Frontal eddies
- Causes: horizontal shear of the velocity of the Kuroshio, bottom
topography and extension of low salinity water
- Effects: mixing in the shelf edge
c. Upwelling
- Causes: bottom topography, secondary circulation in the slope region
- Effects: landward movement of materials originated from the deep sea
d. Bottom mixed layer in the shelf area
- Causes: dynamics of the bottom boundary layer
- Effects: vertical mixing near the bottom '
e. Internal tides
- Causes: stratification and bottom topography
- Effects: movements of materials along with strong landward and
seaward tidal currents in the upper and lower layers respectively

4. Oceanographic Conditions around Chejudo and Northern Limit of
Tsushima Warm Currents

(1) Water Mass Distribution and the Circulation in Winter
- Tsushima Warm Current Water is distributed around Chejudo from the
western sea of Cheju Island to the Cheju Strait, and totally flows to the
Cheju Strait.



- Yellow Sea Cold Water is distributed over the western coasts down to
the southern sea of Soheuksan Island, and flows southward along the
western coast of Korea.

- Yellow Sea Warm Water is distributed between Tsushima Warm
Current Water and Yellow Sea Cold Water, and flows into the Yellow
Sea through the central part of the Yellow Sea via the western sea of
Soheuksan Island

(2) Water Mass Distribution and the Circulation in Summer

- Upper Layer Water : Tsushima Warm Current Water disappears, and
less saline water of 31 %, appears, which shows that the influence of
Yangtze Coastal Water already begins in June. The less saline water is
distributed from the western sea area of Chejudo to the Cheju Strait.
Over the southwestern sea of Korea, the adjacent sea of Daeheuksan
Island, relatively cold and saline water is distributed.

- Lower Layer Water : Yellow Sea Cold Water is extended to the south
via the central part of the Yellow Sea and pushes Yellow Sea Warm
Water to be confined to the near sea of Chejudo.

(3) Cold Water adjacent Daeheuksan Island in Summer and Yellow Sea
Circulation

- Hypothesis 1 : The inflow of saline water is needed for salinity budget
of the Yellow Sea.

- Hypothesis 2 : In summer, Yellow Sea Bottom Cold Water is distributed
widely over the western sea of Chejudo and saline water is distributed
only near Chejudo. So, the only possible inflow passage of saline water
is the western coast of Korea.

- Result of Data Analysis : On the adjacent sea of Daeheuksan Island
which is much influenced by river runoff, the saline water column is
only possible by the northward support of southern saline water.
According to the temperature distribution of deep layer which is not
influenced by river runoff, Yellow Sea Warm Water flows from the
adjacent sea of Chejudo to the western coast of Korea.

- Concept of Circulations : Primary circulation, which is represented by
the Tsushima Current, continues all the year round. Secondary
circulation, which is driven by seasonal winds, forms as the deformation
of primary circulation.



5. Penetration of the Kuroshio water onto the shelf of the East
China Sea

(1) Data source
- CTD data in the intensive study area of COPEX in December 1993
- Trajectories of satellite-tracked surface drifters released on line J in
December 1993

(2) Analysis method
- Spatial structure of temperature, salinity, and sigma-t
- Spatial structure of current field derived from trajectories of surface
drifters

(3) Major results
- Turning of the Kuroshio main stream toward the Tokara Strait in the
intensive study area of COPEX
- Separation of the west fringe of the Kuroshio from the main stream in
the turning area of the Kuroshio and penetration of the branch current
onto the shelf
- Northward movement of the branch after its crossing isobaths

6. Summertime distribution of biogeochemical properties

Distributions of dissolved oxygen and dissolved inorganic nutrients were
investigated during August 23 - September 3, 1994 in the eastern East
China Sea including the mouths of the East Sea (Korea Strait) and the
Yellow Sea.

In summer, the concentrations of dissolved inorganic nutrients and
dissolved oxygen in the mouth of the Yellow Sea and the southern sea of
Korea were higher than those of the Kuroshio. The concentrations of
dissolved inorganic nutrients in the surface waters were around the detection
limit, but increased sharply with depth. Vertical distribution of inorganic
nutrients showed that the dissolved oxygen-poor, and nutrient-rich
subsurface water of the Kuroshio is upwelled along the shelf break. The
linear relationship between AOU and the concentration of nitrate suggests



that nitrate is being produced with consuming oxygen. The values of
AOU/NOs ratio in the mouth of the Yellow Sea and the eastern part of
Chejudo are larger than those in the Kuroshio. The ratio of phosphate to
nitrate contents in the Yellow Sea Cold Water is smaller than the Redfield
Ratio due to the selective regeneration of phosphate from an organic matter.
Property-salinity = diagrams  for each  section are similar to
temperature-salinity diagram, implying that the contents of dissolved
inorganic nutrients and dissolved oxygen are largely controled by physical
properties of sea water. Dissolved inorganic nutrients in the bottorn water of
continental shelf in the East China Sea are mainly supplied through the
vertical mixing of the Kuroshio subsurface water in the depth range of
109-190m. Based on the mean concentration of nitrate, phosphate, silicate in
the depth range of 109-190 m and the upward speed of upwelling, dissolved
inorganic nutrients carried by upwelling onto continental shelf is estimated to
be about 0.8 mol/m%yr for nitrate, 0.09 mol/m%yr for phosphate and 18
mol/mz/yr for silicate. Nitrate supplied by upwelled water contributes about
22-66 % of total nitrogen requirement for phytoplankton primary productivity
(8.3-25 mole C/m%*yr) in the shelf region of the eastern East China Sea,
which appears to be a single major source of nutrients to the upper water
column in the East China Sea.

7. Plankton dynamics in the East China Sea

In order to investigate the phytoplankton distribution patterns according to
the temporal and spatial variation of environmental conditions, water samples
to determine phytoplankton species composition and cell number were
collected in the East China Sea and south Yellow Sea.

As a result, species composition in the East China Sea, where the water
mass was largely affected by Thushima Warm current, markedly showed the
features of tropical and subtropical flora. However, distinct temporal changes
in species composition and community structure of phytoplankton were
observed. These changes were induced by seasonal changes in
environmental conditions (temperature, salinity and stratification of water
column). Major differences were found in the standing stock and in the
relative proportion of different taxonomic groups of phytoplankton. The
diatom was the dominant component during the water-mixed periods,
whereas dinoflagellate standing stock exceeded that of the diatom during the

__24_



stratified periods.

24 P-1 incubations were made. Also 73 chlorophyll-a vertical profiles
were parametrized for a Gausian model. Water column primary productivity
was computed based measured P-I properties and chlorophyll-a profiles.
Daily water column primary productivity ranged from 65
DCM (Deep Chlorophyll Maximum) was a pronounced feature in most
stations. DCM contribution to the water column primary productivity ranged
from 76 - 662 %. Plumes from the Changjiang river extended northeast
through the Cheju Strait, inducing active algal growth over a broad area.
This was observed by CZCS (1980-1982), which was confirmed by field
surveys in the same period (1980) and in the current investigation.

Numerical abundance and carbon biomass of copepods were high in the
northwestern part of Cheju Isaland which was largely influenced by diluted
water of the Chanjiang river, but were decreasing towards the continental
slope which is under the influence of Tsushima Warm Current

The feeding activity of copepods was investigated by gut fluorescence
method. Daily rations obtained through herbivory by copepods seem to be
about 1/4~1/2 of maxium values. This suggests that the copepods may have
been undernourished. Daily feeding impact of copepods on phytoplankton
standing stock is approximated to about <1%~5%. As such, only small part
of phytoplankton standing stock was consumed by copepods during the study
period.

8. Development of tidal prediction system in the Yellow and East
China Sea

The development and improvement of tidal model was made to establish
the tidal prediction system in the Yellow and East China Seas and to study
the internal tide in the shelf break. The tidal model on a fine regular grid
system was applied to the Yellow and East China Seas and and verified
against the long-term current data in the study area. The 9-point averaged
u,v mean current (rms amplitude and phase difference between observed and

calculated values ) in case of M, component, are 25.5(4.8), 36.8(5.5) cm/s,

réspectively, and the deviation from observed values are 19, 15%,
respectively. In case of K tide they are 3.9(2.6), 7.4(1.3) cm/s and the

deviation are 67, 18%, respectively. From the results of model verification



the calculated harmonic constants of tidal current can be used to predict the
tidal current approximately with 80% accuracy. The grid resolution
(1/12° x1/16 ° ) is thought to be fine enough to distribute the accurate
tidal information to usual users except for the case requiring highly-resolved
tidal information at coastal area.

The result of calculated Eulerian residual current shows that the residual
currents in the central southern part of the Yellow Sea flow southeastward
with several cm/s of speed, which satisfies geostropic balance. The tidal
mixing as one of tide-induced physical processes was investigated based
upon Simpson-Hunter criterion parameter(S) calculated by using the present
tidal model. Based upon Simpson-Hunter criterion parameter S5=2.0, the
boundaries of strong tidal mixing during the spring tide were calculated to
be extended by 20-30 km offshore at southwestern mixing area of Korean
Peninsular, and by 100 km offshore at the mid-east coast of China,
compared with those during the mean tide.

9. Model for the East China Sea Circulation

The penetration of a western boundary current onto a continental shelf
and a marginal sea is studied numerically in an idealized model basin in
order to investigate factors affecting the volume transport of the Tsushima
Current. The model ocean is initially stratified with a constant value of the
buoyancy frequency and spun up by a sinusoidal wind stress applied only to
the deep ocean. Most of the western boundary current follows the
topography and a weak cyclonic circulation is established in the
southwestern part of the continental shelf. A part of the boundary current
penetrates onto the shelf between the area of the cyclonic circulation and the
southern strait of the marginal sea. The boundary current which penetrates
onto the shelf turns anticyclonically and enters the marginal sea. The
response of the shelf and the marginal sea is barotropic inspite of the initial
stratification, and the maximum volume transport of the boundary current
entering the marginal sea amounts to the 10 % of the total transport of the
boundary current. When there exists a trough in the area south of the
marginal sea like the trough west of Kyushu in the East China Sea, the
effect of the boundary current reaches farther to the west on the continental
shelf although the amount of the throughflow to the marginal sea changes
little.



V. Conclusion and suggestions

This is the first-year study of the ten years long-term interdisciplinary
program on coastal ocean processes of the East China Sea, especially for the
oceanic circulation and material flux. This report includes data and results
observed in August-September, 1994. A

The East China Sea acts as a large reservoir and supplier of energy and
materials originating from both land and ocean. The basin, consisting of vast
shelf area and narrow, long slope region, is connected to the Yellow Sea in
its northwest and to the East Sea through the Korea/Tsushima Strait. In the
basin there exist various oceanic processes of different temporal and spatial
scales taking place individually or in combination. :

The former program, entitled "Study on oceanographic variability in the
formation area of the Tsushima Warm Current” and performed during
1990-1993, revealed that the Tsushima Current water originates from the
western flank of the Kuroshio with relatively weak speed at the entrance of
the deep trough southwest of Kyushu and flows northward on the shelf of
100-150 m west of the deep trough. The branching of the Tsushima Current
has been evidenced by the preliminary field survey of this long-term
program, conducted in December 1993. Also close correlation between water
mass, current structure, and material flux was found in December 1993.

In summer when fresh water input increases largely, oceanographic
structure is not so simple as that in winter, mainly due to active mixing
between different water types. Thus the summertime survey was carried out
in August-September 1994 when the vertical stratification was strengthened.
Oceanographic structures are found to be much more complex as expected.
However, physical, chemical, and biological structures have good similarity
each other, and both vertical and horizontal mixing are found to be very
active in the branching area of the Tsushima Current.

In the near—future, major oceanographic processes should be investigated
by both detailed analysis and elaborate models and synthetic interdisciplinary
interpretation is required for our better understanding on the overall
oceanographic structure and material flux between shelf water and offshore
water.
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Fig. 1-1. Study area showing observation stations (¢ for CTD stations,
Afor water and plankton sampling, + for releasing points of
satellite-tracked surface drifters). Bottom topography is

expressed in meters.






Ofr

N2

1

k2






A 2% FFI6 SR
84 R 24}

Al1Ad ZFAHS

TERNNME 2T o) N3] Fusly .25 BEL Yy S
BN AT ool A3 AFMol 42 337} Qv ag g T2z
ok 2L FAAYY HEeBS 1A AFZ 2AE) JHME HELE
8] 54 FZ5tE (characteristic space scale)® 53] 2a8 & gle AER
B HoA #F0] Wady] gEd g3 QH diko] 7P} olg] v
A AL Aoz JFS #5Y 4 U+ ARGOS $AF A R0} =AM L%
T §#8 ADCPE ol&3td 1994 8-99e] 2239 R Ao sz
AHE AAISIAT 1980 Fute] JLE o] £rbx] WYL T LA o] MAAHS
2 29 JAH 199X FUANE HRZe) 203 wyoz Foain
At

Al 2 A ARGOS ®EZRold] 93 s F=2A}

7b. AP

A4FAH R ol A HFRAIE Lagrangian iz EEHolZ =33y
Fole] YA E AFHHez ZAH= Aotk = AFTA EHBo| (satellite
tracked drifter)?] 91X & FAEE M3 9402 mUHAS A g9 &
£33 FNTERE RAE Zolth 3o AP L 1994-1995U % A A 5 oFr &
#4Y WOCE £3%F T2 (Surface Velocity Programme)e] 3% Algo =
TEHIAL, FoldF BA Ve L BN AWAEFES 1990-1993F0] A
8% ‘Kuroshio el AFAFTAT ()'e) R1A (o]FA 5, 1993)0] =}
A3l Z1eHRT, AL AR h A}ake Sybrandys} Niiler (1991)9] 2
IA9] ZA3] =E 5o},

2 A7AME A8 ADUE Aoz oFAMAR HAHsgy =, o)
i F A FLLe T3 FHAGAA 279 2L @R $Fo) A P



< HrkE7] fEA 3E 24413 A4 SR8, 2 YA REE Folrt dF
gidaedS Hold g o] £7] i MALS o717] Y38t 3pF o) AN &
Al8laL 16A17He F938= 8 hours-on, 16 hours-off {2 =3}l

Folo] F3AHH B (drogue)l 42 1991-1993d 43]9] ZA AAIg »
oldd A (Liest Cho, 1994; o] 5, 1994)9} WOCE BEEH T2 A8 E
dat Bt AAHAG. 11d9 Fole v 2L AEe 13317 93ty
Yl Ao F33HTk (1) F97 BA%F 30° N ol'ddl 94X 1 T AFdA
FZAQ 9] etz JAAYI} FEALS RFERy RaggeA, Q) 2e F
A Zo] X TFTE QFEAQ FEA|Q 9 AMANA EF5I) €A &
2E4, 3) debdie £7193 AFE Ale] dnfd{FFA7E 548 AoR 4
AHe FHA G oAE HA2E w2t B3R, () AFE P 834
F71 old Z=2E uz}t dFqPo = A=A it AFAHARE L& F %
£ AFoer AAF Aotk (D& A3 44, )= 93 30, (32 Y3 Fu,
WE 93 Fd, T 1109] Fol& F3I3gen F3XH 18 [-18 o
Fol A F, Tl Ze FAFE W8> ¥ 2-13 2.

g, 74 A% 2 2 droNe 58

1991-1993' %0l 43 HAIG FoldP L BF 31° N olf 3o o]Fo
A3 CTDAE S @3t olalsh 2 wiZkA F8% A2 AHE 2539
=3
D 75 ARde A% 4] 2 F 9% dF oM e dFAIFS ¢
A&Ho g2 Eerte BRI A%,

2) T LEZE dSARAAME Fv AMSE we 2 F3FvE EA3H, o
YaFE 22 E7t2t 1Y oA Kuroshiost @730,
3) F 530 AAH 100 km FER] AAYFo 2 IAdE 2E8EoV £

4) 27he-2AL F2ALY AXE JHgATt B we} BEAGVA 27
2RE 2780 49T



Table 2-1. Information on the satellite-tracked surface drifter experiment in
August-September 1994.

I.D. number Date Releasing point Water depth  Center of
of floats  deployed Lat.(N) Long.(E) (m) Drogue (m)
23020 3 Sep. 1994 29° 1971 127° 1329’ 180 50
23017 3 Sep. 1994 29° 19.09 127° 1592’ 220 50
21581 3 Sep. 1994 29° 1865 127° 17.94’ 260 15
23016 3 Sep. 1994 29° 1788 127° 21.27’ 353 50
23022 3 Sep. 1994 29° 1848 125° 15.25' 92 15
23025 3 Sep. 1994 29° 30.08 126° 30.36’ 104 15
21582 3 Sep. 1994 29° 2247 127° 049’ 124 30
23019 31 Aug. 1994 30° 50.72 127° 0.09 101 30
23024 31 Aug. 1994 30° 3999 127° 49.88’ 164 30
23018 5 Sep. 1994 32° 3023 126° 1.60’ 100 15
23023 7 Sep. 1994 33° 0.02 127° 20.21’ 127 15

1991 o590 7€ 3Ul9 FolE FIElYoY RAGAZE 32° N2 F
HFolA A43s 2y "oy Wi it o423 BrAR3s BAAR
£ ¥ £7F A}k waEA 19943 8-99 AR E dinldie Erdom
FAHE 9 FEHYUTN QAT F4ol FA3%] Wile AR Ko £ U F5A4A
< 71228 4] RolE EIFI{ATY (28 2-1). TN FAFALS Ro)
21581 gto] 15 meolil ©2 A= 50 melth A& A2 2-3¥3F A= 55
AXg mal 5528 HA Folo 71He] 2FH HolHY. Ko 230202 AlF

2 A9 Folr} 30° N oA Foz wake AH3sle & 724e E
7tet ez AYsFTt 4 180 mell F3H3F Fo] 230205 FFAAE W

FAlo] e F FYHE EF5FdNoY F F4E wE H5A43A @3 BHA
2 g Al F4o] Lol Fo AF AW SFAML ¥AE3] )
228 d§59ez AY3Yy, olF AFEE &I EAMRA sgh



53 ¥ 397ke] BEAELT BD HZAMRH 30, 4, 70, 7L cm/s2 3743
& 72429 shearrh g3 2& & 4 Utk K5 $2014 50 m%F 9 shears
2ol 2N oEAYZFE FHAR o 2 (cm/s) / km BEch Fo] 23020
o) A% 49 F AWTF 50 10-20 cm/s2 A A4 AU AFEAA o]
AT B, T UF QTN FRAL RFE B Esld ez 3@
Bole) AHe TAFEY wHle] T2AQ RFIA Holw Po] 230208 Ae)
e g3 25T

Ty AME FASA Ho g Efo] dojurs ReE AL Jenvt
(Huh, 1982; Kondo, 1985) &4 &&& 93]7] 9§ <l87tsd aF AsS=
o] REg AAoltt. old EF TN EEd Uit FRE AR Fo] 3
s AF Ll K2, K4 F3319 0k (28 2-2). L13 K26 5313t Hojo &
M) 4 15 m, K49 Z9E 30 mZ ¥359 5358 B25E sy

99 3¢ £4 124 m K49 F3}gk Fo] 21582= 21 km Eold 44 180 m
(K5 F3)el F3gk F-o] 230208t= g8, AlS 7% GA=E ols3dldeyt 9
9 9Y RE WL HoF npoe] 100 m FFAAL wal A3 B
G2 o5 wf A ALERY HAEREL 6 cm/s AEZE 3oy 99 6¥¢R
H 20 cm/s2 738 Ao 100 m A4S g 83ds £ e 9 A3
€ 2387 A7AE 10-20 c/s AEE FA YT AF K49 K5Ao] shears
215829} 230208 A AMEZF AFHoZHEH ALISIH TN $4l0] 308 50 mB
ztol7t A7l 3t oF 2.25 (ecm/s) / km A X olth

99 3Y F4ol 104 ml K20 5313 Ho] 23025% 16Y3tel 23 AlAWE
o2 A= 99 AF¥S I¥ F BT 99 24 xPMwteo 2 FAHHE
FIolddl o3 Fx dgeR olFHAY (olF4£E9 AMAHoINE F
A). 29 AHL AAE] HESE, 9Y 4-6¥9E 13 cm/sY £5E FEOR
ol T3l 1L, 99Y 7-10¥dl= oF 20 crr/s9] F71E £ 2 GAZ olFdlx, 99
10-16¥9l€ 10 crv/s PITte 2 ARG ¥, 20 cm/se) WE £52 BF5A3Y
o @2 FFS AF 28 MRS EEFY 4ol 22 =AU Z1 9)
o, o] 230259 215829 AAHL 28° 50°-29 40° N Ale] diFE o AT
7} 50 km, A E7F 159 Axe EAS zte AAXgE (frontal wave) WA
28F01d A4 7teAE AXE L ATk FERAIL AAFFL SST F3H7u]
7V 3A He 3 AAd HYJAH FAAREAA F3EA JEvY (. Guo F,
1990) FZt7ulizt -9 2 wWEd Aldels Ado] oy



99 3¢ <4 92 m¢d AF Lldl T3k Fo] 230229 olFAXL JutHoR
120 AQdzrel ZA 90-150 m T8 wat GAZ olFdteq Bk 19 X
NHEZE o] T2 F WIS F02 vl § WE £ 2 0]F3to F2A
Lo FFAAD. WA Folg AAL dFAES gt FEds FEALY
R & FHEA WSEE] FFAA 100 m F2d FA4E AA"Y Jes
o ol @ dFETMY FALEY EFL AFoR AFH FT Yo
HAd HEFF 550 SATUE 7€ AT2AFHS) dutsEe Aol waEtA
TEFHNY A A3 FoF i FAAIH F2E AT A A7
7t dasich tellA AAG uigt o] 41 100-200 me) HWFFEAAA FA
g Edee FRALS HYA REAdo depdiae R8s FATH

a2
5
9 o ol fr

w0} 50 cm/s ol4e] WME SE2 olFad T2AQ BRd FRANUTG. N
2Eide 72Ae $2471 UEARE ALy LARTIE A T2AR0)
#F20 (Hsueh 5, 1992). Weby) Wigk BEZol: T e AMo] FA=n
FaAese 4 ALHo B Zs"E Rew nud vk A (Chao,
1990; Chern3} Wang, 1992). T2t BEaldlolA Hol7l BEo 2 oS8 AL
5302 23L FEAL 347t FRALE BRd gRH: s¥TzE
Aro] ZA5aht 100 m £4¢ Wet YARSE YA Fo2 A7 PESojo}
& Apgholnt.
WS 3TN 55 AYAY A4 A% BeT 9= AN 20-30° N
2 NSEF VML 50 km AE FHARE 2 AARE T £§T0)7} §
30° N olBal At BaF7F 22y 20° N olgelaE dARI 3E3
olF BUTEE 2E AFACIY. ¥, 100-150m SN W} BF
ARE BEHA YRL FAFE BBRFHAN 22N F259 &
2 P48 AN W g BAs FEAQH FRIE Aoz UEy

o

fdr am K

8o Xl ox
o &

2. divbdi 7193 AFE Ato]l diF8dAMY 55

FZAIR 9 AUZEZ A F3lE Fo] 230205 AL HEFAdY 40
e o FY7A (128° 30°E, 31° 45 N) &3t F2A| 9 BRIy &
A3 olgsEN e 99 159 WMAAIEe 2 N ABsle Fo| A% FTH4
A& 7ty AFE &L 33 BF5A3ly 99 9¢ A AFE FEIde=
BT (O 2-1). FREALZHE ol F AFE FFINYH =2 o
A F4L 10-20 cm/s AEE FA3Y T
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441 101 mQ) H4 BF¥o) 8¥ 31¥¢ F3l3 30 m Fo] 23019 (2¥ 2-3)=
100-150 m F41& wat 14-23 cm/s8] f&0.2 HE A3 99 10974 39 &
AZ 2Agd 23 & 44 150-500 m APHOA] 1786 ZA A|AMEEe] €l
LHAAE 28 A BAsIT 1 EEE BAHHgA ozt A2 gdAFE 1
d % P2 AYsiat

A H8 ¥ 44 164 mdl 8¥ 31¥ %33 30 m o] 23024 (1Y 2-3)=
ApEESe AFHAT. B FS7|0ol AR Hedll T3 o] 230199+ ¢ =2
A S5A4E g2t oF 15 c/se 5oz d3lsidd. ¢4, 99 7-8¢ AA
H10-H11 Alo] S E33 Ho] 23020 (18 2-1)k HFAsHthe AHA-E 7AHs}
H Z A2 APAGAY FFe ER INTRE 2 U2 & 4 stk 89
30-319 H ZAeA S243 SHEAMo] AH H4st HB AlololA] L E3HA 2
oAE FAL ztxm o] AIFFHE AW A FH HAZoAM= H53FHF, H8
ZAME FEFE 24 2 Aotk waA Rol9 o)Feo] QAR AFF EA
< 23 Qs B 4 Qo

AA Kol £33 Ro] 21582 (1 2-1)= BEF s A 13 24 99
27-109 79 WwrAIANFEEe] ze B YAAE Wl o]Edla, 109 25¢71A]
100-150 m S4414-S mat 10-22 cm/sel £52 AlLBAste 127° 25° E, 32
° 25 N o =gyt OF of dFAz AAsP1 11¥ 19 FE 1587HA =
10 cm/s9] =¥ £ 2 5%t AFE F&d 23

31° N ool A =313 Aule) o] 23019, 21582, 23020 A= ©& A=ZES
g} BAsig oyt npx] 127° 30° E, 31° 45 N & &3 FP3s =3 A3
s (2 2-5). Fole ZH7] 99 7Y, 10€ 199, 99 KUY o] =L F
H}3 F Bt X3 AR BAee gidsgez A3 wEkA s
FHEAPL J|For BAFY B27F Al7lel i3] uAsiA dsin e &
4 Aok ¥, 100-150 m F544e] HFo] Boz ALE HoXe AYPYEA
< zZta glon A Kol BE giAE $4] 100-150 mS Wojux] LUt J
FEE i3l

. AFE FAd e gelde 58

AFE FAZ AT £4 100 m B3 DA FEF AT 4 127 m
Q1 A Géoll BAlS 4ol 15 mYl F-o] (23018, 23023)S 92 583 7Ll 4z
T3t (28 2-4). 99 & FARIAFE AFE ARz PEs
A Fg=0 ANer BAF D8 P2 H e 432 FEol 315 psuolstz A
8| ¢7E A JAAT (A 3 F A=), Fo] 230182 A2 5432 6 cm/se
= 452 B3 99 9¢ UF}E BAMR JAEY F, AFEE LER T3
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AAFL R Fo} 12-21 cm/s®] WE 52 AFAFoz ALYt 109 =
T AFA AAEHE FAAA olFLTI} U walyon gigse] A
EE 30 70 cm/s) X2 FHE (ke 32 F3h 108 79) Fal2 2
St W, FAF AT APAQ] GFL wA Y=, 4= 338 psuo)ael
AGF7E EAE A G6oll TG ol 20-25 cm/se §Lo 2 343 B4
SdHou aF WS AM3] HFor ABdY 35-65 cm/se £EE AMEES
A3t (dirtz B2 53 99 209) a2 AYFQ.

K55l F3l8 Fo] 23020 (29 2-1)& A G7L 2302384} 3 =2 10
4 797 FH3 Y TFEEE B (vl 22 £33 109 1597) S35
2 YA drlezA = 30-40 cm/sS] BE £5 2 o|Fagol EarE
TH8AA 10-25 cm/sE A& HUD. 9, H4oll 5313 Ho] 23019 (2 2-3)
v IEGE BEMYE Ay 109 3¢ ddsiges AU F 20-50 em/se) &
E2 BFEE FHMGY (vl 22 53 119 29). K4o) E3}8le 21582
(28 2-2)= 119 20¥87 AFE FZ0 T3 o] 21582E 15-30 cm/s= o
PteZbA] F2ET dinks gdedA ulE Baste M4EE £33 (Yo B
T4 11¥ 2897) 4k dinkx dadAM #AFHL o] 230199 Hl£Egont
FA FFEE T dhdd Ae AFER AYSHEY. MEs A9 T &
T 20-40 cm/s2 Z7HE T

fe] st T3 AFE FZ9] 4] 100-200 m9 AL 3 BAs:
Fole dRE dEsigoz At 33° o]8e Enald oo FHo A
2 FPeA = 40l 433 FUHEo (2 2-5). 33° N oA Zo] ¢k 250
km¢l 100-150 me] TFAML ZFo] dntx FeelA 100 kmZ FolAle 2§
H B4t 453 AFE MRIdez 4" FRs A5 dre sy
AAdT7 AFAYS T3 PP FY=le Aoz AYT 4 Qo) oot
E G gdME e Fgol FASA Fol9 AFHo| A=A Y B
oA e Fx3 JEAL FF FIA AFoz B} o= A9 JdRo
2 A = detxe] ®oFo] f4 (streamline)2 EHAF)= ATL 3=
Aoz AdHY.

Al 3 A ADCPo] 93 §&@=

7t ARAS R Ay

1994 8-99 el ZAPY 2%z F2E ADCPE ol 83l 23 528 @
£Ho2 AT B5713H2 19949 8Y 299-99 8Y (& 7¥ 232-89 3
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AR AZ7AAN WZI7R Y 713tel i Bet FFAGL dFANPYA AFE
B A2HE X U534 A £4 1000 m olFe] e7vdet Fol
¥3d gSEG FHHHer (¥ 2-6) SV AAUAA =2 7t 4
350 m Bt} &2 M E AAEY olF ko i Jdl K452 Al
= bottom tracking mode (BT mode)2 &3¢ 44lo] 350 m Bth 2& 4
HAoHe vbd7tx 97 ©28 4 §17] Wi ADCP AAE 7oz ¢
#2428 ZAA3+= none tracking mode (NONE mode)2 #Z3ttt. None
tracking mode®] 7% #E5dH F4L AHo] X AUFfE£e2 AA {452
AAsL7] YA Adure] o] &L E A A Folof stoH] A Mute] £ &
7] 4aAM A HAA (GPS)ZPEH FAl=EE AUt 94X (Y-3E)E )
Zoith dolA #E QA E AAINYT ZAIA Y olFE£EE ANt M4 A
Azttt RAMH o] #EA S Wl T AL 18 2-6 o AASHAT

AHE-E ADCPE RD-VMO01502. 2 1536 kHze] S35 o] &3td #ZF44lo]
oF 350 m= AP Aoy} Al Ao none tracking modeE BEF ZA$
150-250 m FA71A19] 22T AdoF = ot BS54 AT ADCP 7|
719l 3HAA, transducer FH 9] WAL transducer ofello] A E Fe] A
AFEA T BEAHY A4 o7 2AE 5 U AR g¥HA A
Transducer olefoll AX € FL 19959 4¥ 2%23 A7I¢eAAd 3471 53
sledl 93-S 9 vXe QAR A

ADCPE4E ZAHE F4£A8E Z42dA v 30&xeith dojxon ol 9]
BRE A 108 HAL R o]FHTT F A FHLR 2 km AR
A= Al-F3F oAl AR ol E Fol7] fd HAIAUY ARF
iz 9k A= ALY

FA4o] ¢ YFF A Ase ZFAEC] FAHFIA cl2RH AFAAES
23] AA 2759 Al-3HH wsts ZE3 &3 glojof ok a2
F7F sifol vl iAo R g F4lol L A AR HFY
FEHLZE ol A EZ £ A7) "6 FAFTR i} T2 ARE AT
3 Foh

3. f&e 4372

ADCP ARt $28o2 vl 8 m 2422 Qolzoed B m 2% 9 m 2
9 FEN £AAE FHRES AASFAT (Y 2-Tab). WEHY 7ol
A 89 299 (B34 A 99 7-82 (A3 AA)) 23el A BEAL
o BEARAE WAFZY FRY 277 TP WAt S NBNY 9
FANE AVHoD BE-BRERY ¥ £FL Hgtd ot UL
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A3 FAHE FYE= duhdiol AF3c FAFRs x4 AR 3
At FF WA= Ao me 2RYLA AT B3I} uA
olt}.

NONE modeZ #&d HAY A8F A9 APurgfo] uiA= AFH
B10, H11-17, J9-L12 H-ZeMe E&0] A AP (29 2-64%)9] o8
03 A$Ac X AT BHAFEH ole RAMMY M4 weksl ADCPY)
Wako] A8s| YA 3A % misalignmentdEQ Ao HotEjgon o)z
misalignment2 A 4 Y= 7= BT mode BZ9 %o 4 cm/s ol
32 2oy NONE modeE ZAM4o] wWE £ 2 ol Fde A% 2/ (M
4o 12 kt2 APAldl < 20 cm/sY L F)E BAAL 4 Ao}k wEA NONE
modeE FAMA o] o] F3HA #EF A8 E ADCP2 misalignmentES R3] =
A3l BA3 Folof dr] 19959 % FAIRAL (49 26¥ - 59 7Y)Alo) WL
ANt 71EAEE AX AT o Folth sy FZ2d AsE ol 0 F
- 7F EFEHY 7= Y FEAL 9 22 32 5E9 AL sl #
A o188 F Utk FRALE HEE FZA L SR upgoA 100
km Ak o3 JAZHE 7I2dY USAPAC] HPsA EE5RAs #E2A
Kot J& A3 #FH X 2E8Z0 2 Zohrles 5S¢ BAY BE2A
HYl Asidolre Avtdoz Jasle 580 Asd #2407 &M H
o] G A LEFO T EolA WA W AL HAEY US89 ug
L7yt FA FF9 F42 7|9} WEo] YAE v FFL Holy
Z4 H-L9 {55439 AAddMes T35 43 4380 M2 & #Age
Ho] AR 3 Eo] EATE T2

o &9 FATE

None tracking modeZ #3d @9 B, H-L9] A3 A5 F RAMA o] oF
Zol #53 A8 = ADCP9 misalignmento] &3 @ F S 734 T3 o
A HaA Q{7 AL ANl AR ANS W] AT AEIPT (AA
Al9] misalignment £/ &= F cm/s AEE FA). F38739 A3 oA
ZFAAE0l A3 FFAHEY AFEEE osi=ds EA47 Qo $3
Ho gy FAl BEF ASo|BE 5F9 FAFR (FRYAR)E Fodstede
8319 4AE As= FAHYAAMe gk AL&sgTh z gHdaA AFHQ
5E9%E Y3M f&E9 T-A4 AED F-H ARL B3ty HARY Eyxn
E 43928 ADCPS #HZ54l0] % 25 moA] 150-250 me] E o) Ak
FSFHA7] wlFell 43 200 m 7HAI A ALY o

99 A (29 2-8): gigsFel 7 YAsles #EHew AwHorw F

fr



HEFE doldRe 858 BoFT glon F4 At AT FH A8-Al0
dA AR FEFIE vt A A6 329 £4 50 m ARAAME 60 cm/s
o] A} TBFTF/F EAS=H 4 60 m ©13 HFAME 40 cm/s A
T2 AFd vd g 452 Yo FAFHSZ 20cm/s ol AR
s 5ol EAF o] ¥ AREX (I 4-2)= AFY ASA ATE BSFE
ol 2 ZAAIRN S zicd Y EXZRE AAg AL 7|Eoz2d PR
£8 20 cm/s ol Z EE9 ZHAYAE A7t ADCP #2739} 2 UX|3H
o},

98 D (AFE AZ 126° E ¢2dd, 23 2-9): AFE N 93 A
A D5lAM A3 FER7F dehded A3H42 £4 50-70 me] AZo A o
80 cm/s= ’e}" 25 m FZEY 30 cm/s AE A3 AESEYXEE Hole Wi B
FFH HPARE0 EATe AFT AGZ A DEEZAME AL F
Al 25-50 m2] A=dA 2 60 cm/s E AE9) o 40 cm/s B 73 842 1)
EHith ol AL AFE MRAHA d.-2F9 FHTF2I} Fze FRA
749 o7t A= g8 Bk AF D7A DR 7hHA B3t
A FEFE FFo] Wil Aol AERg {3 WA dojuE, & A

cEFEZH) 2F9 YA A AP

99 B (73 MY 325° N @9, :L%! 2 -10): S-5olA <F 20 km wpg

:1m
ok 2

od fAs= B3 B8Y F4 120 m F2Zde F 25 cm/se B[/ BEEHA
=l ojX2 FEAIQ 9] BEFoA ‘”0174 ‘4—°— Ao 2 |AEE 347 psu o9
TGt SAB A FEARY F ST oA BAdte 1g95e 5F

o] A& FIAET 2L F4l9 ’S‘%‘J B9 A= 30 co/s®] FF /7T #EHA
o
o9 H-1 (FEA29 539, 19 2-11,1213): @d H (2¥ 2-1D)9 95
T4 A3 H2-H8A F-A %h‘;,/g%_o,] FEEXE 4 5
S =] e

29 fge AN el valol 2L SR
A50] Folo] GE Solg IFLLE 2elFn) 4aidel faRolE B3
H4-H5 226l 40 cm/s olgolth olaidh 589 4a7zE vd I (2
2-12)9) A4 12-15 Alolol AE & AFE 2 4 Ytk

fE3GH A= FF HOB (307 41.2° N, 127° 45" E)32 %7 2 km oW
o FUAG 08 KU 1542 94 VAT fadas ue 4es) Ywol
22 AA= A 159 a3 43

Holtdl UISEES P9 52U W (RE/RYR) 4
29 e (FE/FER) FE0lA

ko
ABHA vetue FstEe f4 ztels Ao 50 cm/s o) AdolNT (1Y 2-13).
A

h-)
h
o
[

ol of ddelA WR(EAH ol o3 FP AYYRY sEo] EAstE A
£ YT Yo BERS 5§ s SR Alole) BaAng] o]
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AdtEo]l 2 dojd = Uve A& AlAtE Eoh

yES8ge AF HI 44 100 m A f&ol 30 cm/s oY FAH
7} 25 o] Rl F2ALEZRE £dd Fo=E AHE 9E 347 psu
olge] mA4T} EAjste] BE&o Y FH B8 oA EAE LT A
g 32d v F2AZ R "oz UL 1udsy F ¢FE B¢ dF=
Jzoz Yo AoR FZEo #ZM He BAlole] 3T R HFT
Z7) 94317 &L AAE Fol 2850 Fol EAF JFeAdel AW HE %
o npze] Algled (A HR-HIDAAME A ZdA GAFZ F2A19 vy
3ko] 522 vehdth AA H8-HAlol9 4l 30 Fo F3d YAF ARl
230249] A Aol A 3AUFY HF F£ 15-20 cm/s SEZE F3ete] BFA
Hel dl§3d upge 4is EAS 33 &b #3534 19 ds3gdAA A
A 16 AloldlE E 50 km A= FFFIF EAscd dFFe Hd 75 7
Al 100 m EZdA 30 cm/s oldoltt FE&FIE SAdE e FHEA
347 psu A TEFE AP HORZAAN Fadls ndse] dFo= 5
o B2 19 REEE (2¥ 4-1DERE AR AIR4EE AY 516 oA
yzo g §ste 522 Ba ADCPE #33 353 dx3th #3541 Het 19
PE2gddA Bole FEFE B5FA ] B2dA dFE TN BAXNEA &
Zog Bohrle Z2AQ9 52729 #AHY FA=AA= e F5H
o @i o] 52 Edd YRIF AFY 74 F4 50 cm/s o3 Y EERE B
o=t ol FTEOE Bolx Yt FERAL9 dFE Azd.

g3 J-L (F2A0 33", 2 2-141516):: #5A Jo A J6-]J9 Atel
o= §20] 50 cm/s olAe BEHIZ 1 Zo| ¢ 100 km FEY FEAIL7}
50 AL E APNAM Y 2w A7l WEd HARE5ES e
22AQ 9] §F0] oOAAE A3 & 5 ot UFEAA 9 100 km B
o] AF J82) 44 50-100 m oA 90 cm/s ool F¥ sFo] A= A
07 Hol F2AL e FHo] o] TA Y& R AT (I¥ 2-14). &
24 JolA A 4259 AL AA ]9 TFo AXs=Hl AY J9AAM /&S
30 cm/s ©181Q) WA §Zeo] FAle ZRA QS FAld HF3e LFSF A
B2z 71t X3 JYolA FERAIL S FHLE IS Ade Hi=
Al AR 3A e =T Hgdd AT BEAH LAY SEEE (IH
2-16)= WSBETA <k 40-50 km ol AH LI9-L1041A 90 cm/s ©]/d<]
H7Rocoz gEAMAC HYPsA BEAE, @i K (18 2-15)04= oF 80
cm/s &) BERRZ F2AQ9] FHo] A K6 2o EATH. FEAL FF

AREYTE oA JolA et go] g4 MR gt EE Jo UE
o z=w AH ]5-169] 54 100 m olAANA & cm/s ok EFF
99 #EAe YFEY upgde #324 HY 64 #3539 $FH7t
A &%t

2

e o o

o 1o



2. 9

d

A Go) A none tracking modeZ #EFH Z$ #ZFA 9 Aoz 150-2%0
m FAZA ] AT AT 95¢ 49 RAMA A7b £2)A] transducer ol
Zol A o goz FEZFHo] AFHE 9L uEop & 7“°]‘=}
NONE modeZ #5538 A9 A5 A Adusko] nifs 344 &
o] FAIA AP QEZX0FT ALRE AILE HYgeH ADCP«]
misalignment A2 3253 NONE mode2 #HZ2H 22 gA 2° X9
misalignment7} 0-& 73-¢ FAMAo] 12 ktE o]F ¥ w] misalignment2 WA=
F e 279 A7t F 20 co/sE W3] A4 Axolg. waEty A ek
o ¥k ADCP misalignment®] $2z}-2 A3 FAQ3lo R8E BAs o} g},

TAo] F2 743H°’°ﬂ*1“ AvEo 2 2RAE] M Yeldn dAx A

S

Zo] BAH e 3L BAZ F-359] 550 dE AYPEY 580 W
3 vehdt. 53 dS58a PR RGN 2xgEe BA=Z 4 3}"‘
o] 350l th=2n AlZte WE {9 s5WEe] utge e NEF Wi

Y W AA%S F¢ 254 W FFHEE 2T Fol MZE dad uIdA
ﬂ]%—‘é‘—\:l% %—?} St 553 Atele] BAmPo] }FH dFeo] MR d=

%y}y o 100 km ZoE Huw BAM LE Fhadrd 3paas
e 22AQ F2& QSRVAA 4050 km ZoF AHo Flate] &
4 K 74 S48 BAsA 252 @0k B34 JdAE dSBSaN o
100 km Hol7 Aol AxED TPS Ao JSRE AgAANN AUAS
-g: et BE4 J2 5N £2AE 29 300 BEAM Edet 8y 2o

Ware wipe] WA Uzton 72AQ BEe] Hxs= BEM Het 19
Eﬁwr"}‘_ RIGNE 2N MHED FASHE Aoz YHE st =
WA RStk do2 duidiel 719 ol o dane 72 2 3
4717ke] &7 AFHo Aok & Holch,
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Fig. 2-1. Trajectories of four satellite-tracked surface drifters released in
the deep trough west of Kyushu in September 1994 (23020,
23017, 21581, 23016).
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Kyushu in September 1994 (23022, 23025, 21582).
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Fig. 2-3. Trajectories of two satellite-tracked surface drifters released on
shelf between the branching area of the Tsushima Current
and Chejudo in August 1994 (23019, 23024).
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Fig. 2-4. Trajectories of two satellite-tracked surface drifters released near
Chejudo in September 1994 (23018, 23023).
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August—-September, 1994.
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Table 3-1. Percentage and cumulative percentage of the total variance
explained by the lowest three modes of empirical orthogonal
functions for the east-west and north-south components of
surface wind.

Contribution (%) Cumulative Sum (%)
Mode -——--mmmmmmmmommommm e
E-W wind N-S wind  E-W wind N-S wind
1 46.1 771 46.1 771
30.3 6.6 76.4 83.7
3 6.3 39 82.7 876

Exsm glon BHY 40°5 71Foq 257l vHat e 29 30° 54
140° - 150° $1Aj3t on g3 Hoz ZA4E AT A 3 R= (18
3-79 F&7t FFadsd YA o] M2 than FX AL kx| FARAE
AN EAXHFo R Hutre FHE BAY A= divtd Srtolx ¥, 1
21 FEai ol Jepdo

g8 AT B4 77 %5 AEste Al 1 R FAERE (29 3-8)=
38 3-4° XFEUXS] FAEL XS vk FF I HFG T3 HRAA
AR E Btk e} B FRHYAAMe TAAMo] F-3 o g urehs)
Ak Al 2 RE (1Y 3-9€ 5FHAH GAHG e fgo] M2 wd= o
Ao A T2 HAF EZo2 A1 Zrlolx Hyd X %
o] ARy} dRELE " FMZoE ARseE R BXSFFS "9 9
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< FHOE AZ ¥t F Fal, 3, F5 I ge] YEAX S FHY
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A AFF Al REo] tF AIASFE ¥ 3-110] AAHUD Bate
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Fig. 3-1. Long-term mean east-west surface wind, 1978-1987.
The unit is cm/s.
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Fig. 3-2. Standard deviations of east-west surface wind, 1978-1987.
The unit is cm/s.
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Fig. 3-3. Long-term mean north-south surface wind, 1978-1987.
The unit is cm/s.
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Fig. 3-4. Standard deviations of north-south surface wind, 1978-1987.

The unit is cm/s.
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Fig. 3-5. The first mode of empirical orthogonal function of east-west
surface wind, 1978-1987.
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Fig. 3-6. The second mode of empirical orthogonal function of east-west
surface wind, 1978-1987.
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Fig. 3-7. The third mode of empirical orthogonal function of east-west
surface wind, 1978-1987.
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Fig. 3-8. The first mode of empirical orthogonal function of north-south
surface wind, 1978-1987.
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Fig. 3-9. The second mode of empirical orthogonal function of
north-south surface wind, 1978-1987.
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Fig. 3-12. Spectra of time coefficients of east-west surface wind,
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Table 4~1. Characteristics and distribution fo water masses .
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Fig. 4-15. Horizontal distributions of temperature and salinity at 50 m
depth. (a) temperature, (b) salinity.
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Fig. 4-16. Horizontal distributions of temperature and salinity at (a) 100 m, (b) 120 m,
and (c) 150 m depths.
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Fig. 4-17. Horizontal distribution of the highest salinity values.
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Fig. 4-18. T-S diagram of all data observed.
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COPEX-E '94 (Aug.28~Sep.7)
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Fig. 4-24. Schematic representation of the path of the Tsushima Current
based on (a) iso-salinity line and (b) high salinity core.
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A5 AFE F9 '
5 BEY BUEA

oot

Al1A AT A

AFE FEHA = A8 552 58] Aok 283 S Eoe A
g A=Y4e] 338l (Asaoka and Moriyasu, 1966; Nakao, 1977, Lie, 1984;
Park, 1985, 1986; Kim et al. 1991; Youn et al. 1991), A&3H 9 I F59 2
A} (Uda, 1934; Byun and Chang, 1988; Pang et al. 1992), & A|F3g o
2 GAFASTe] 49 (Yu et al. 1983, Beardsley et al. 1983; Zhao et al.
1983; Kim, 1986) S©°l 3Uth. olgid ZEEL UFE MEFo =2 dHol =
gl 2RAL ol5e] Z47] & o3t o3t Holzste A4S wgdts Aotk 1
U FHZdxE olSo] MEAHQ Ao Ay} ot} o] Y Hvte] ZHA
dhte] Astey 23] BT R 2Er= sHdo] AR EHJUY (Pang et al. 1992).

o] gL o] FHAY HFEELBL F AR FEIIY. e FERAIL
JFoAM Ba=H FFHIAZ 5T F AP es s=2+= duidFE o] 3
Aol 7HF Zean dF FAHE 1xedold, g e s FHo=
HAsls £ o7 Aldd wal £33 Wako] vt s Fo] ul¢ 3 23 E
olt}, 2a&=8e] At dalo F-A AtdA= uiE WY &3 F7F wA s
o $99 FdAMe v 33 gl dFF7F BAsE RAelttk (Csanady,
1982). 2¥ 5-1& ol2ig sl o3 dAT 4= A= ey £ deRAT
(Pang et al, 1992)2 33¢t 532 Qe Ad HstE RAEH o
A FFd 8 7 e & ALS " BT TS
3, ALAHd e EFo g3 sl57F Feo] & AdS wat 38l FYF
wal BAg o] &8 23 e T & w JEH= FAMAZY
7t Batatn ALAd e FedFrt Bdss AE &8 dAdd= Holth

o] gtdo] AAEE Ashe Park (1986)e 28 202 3o FAHHo=R
Zgxlo] A1, Pang (1987)3 Hsueh and Pang (1989) 5ol <J3j 3aoA AA
vl 93 49 F2S AFHoZ AT £ v Wie] vrdEEJoen I
% B AAAHQ AH-E HEdd AZE AFS AFAI=H JA] o] Fof
2 Aegoltt (Pang, 1992). #3249 JF+= 1986 1¥€A 4971 Falo] =&
FAoz A2 Aa2A ALH EFA ulFd 93 AFTFH7E F3o] vy
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At} (Hsueh et al. 1989). ZHFAAZ A 1970-19791 10897 AF= Fd &)
Aol EAARES BAF A, ALFd n2uhAY dHF7t &FAx old e
d9e 58 g2 9297 FAPSFTE £FAE RIAA FEEe SgHE.
qE2dde ﬂ%éﬂr g FAFYSFE B8 FAEE 53 dEEl] e
ngA] A4S FALTo R FEHAFEY HE FFZ Agdae EFSFS @
A5E o) EHEW}Z] B ¥t (Rho, 1985). o133 FHEA Ao thgh )4
e 1Y 5-19 @R} dA3Y AF7A BE2E B2 A5-EAH EXA
E AFNPL gt AF Actat 3 dAgte] g @EAMo] AR o45H
o nEAY dHF FHEZ FUHA B3 FFE HAEY (Lie, 1984,
1985; Nakao, 1977; Kim et al,, 1991). o]2] & xtolFo] WAisl= AN A o
23dd nFA FFF A A% g} FI= vt}% VAol ety
EAE F 58S &7 93 $HAFoz Ao & EAlolT)

B ZdMe o] EAE A sta] AdsE] TR HF FLH
A4 AFE BAHLNA AL EH CTD B2 sigey AHFLEA
Exo AAWE EAI 548 AdY BE¥xs Adngd. =3 o423
A2 oz dd FuE FAALI A ATE EA3lY o2 I3
U557 F2 292 5 A EAS AuEgon Foi AHE 2ol
9] 991e Fol BT FZHGH $4 23T FSFPL 1Y 5-20] FAHR

X rlo

O

o #F Al7|= 747y 1994 249 17-18¢, 69 20-22¢, 9¥€ 6-15¥¢ |}, o]
F 982 AFE FZAG7MA #AFeH ASH L 1Y 5-37% 2ok AF:
% Q9 AT FHUEAY WslEs 17 {3y T-‘*]B’“Q gk AF-§-3ll o
o ERYo= 23 687K 2 Agut ALY ALHLE $£38-2 W7
T BAMFol u¢ A3 dige] dedr] Wi 299 dE o FEEA
7 °‘1%§° T8-S AT EE5Fol g3l dFo] EZsr] wiEe o
o] AZHE 647 =52 9¥d F A AU

Al 2 A s

19 5-4& 2, 6,99 #3€ CID 94 ARE 44 1 m 3722 Axs
o Yetd T-S Diagram¥ ol5& #A YeEld T-S Diagramelt}h. 29 #3
349 F37EL T-S Diagramol A2 AMAol Yeht olEo] meugsst A
AL Eel s YHE FHASolEdE AL HAET a3 o] AV
o FAEL 1eTPY YrldFS, ALAD Fays, 2T o] T £3s}
o ERFE FA AZMA £HZ 7R 4 A olFeM deldHSE T-S
Diagramol X 38 & 25 d4stn o 1 ¥AE o 130 °C o4,
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345 %o oldoltt Zad4e] 54 80 °C, 330 %7HA B oz neny
o] G d¢E x| 9n AL A FAH oy, EFS: E4
o] W= Aol 125 °C ol3}, 344 % ol&t= dupdF49} Fgo] £ Ex
g gajiael PEEE 319 ZAle FEEA Holx ReEth EHSFE 49
EX(2Y 5-56dAM delde uleh Zol ALH Fa g EAjsle 9
A6 37 Wi o] =FAME FAdFTE FEIYY. Fedse §
Ad74e 542 T-S Diagram AolA 7EHE TS FA%A €1 A%
22 Yy gid EAgez FEHE /2L FIsA A9 699 T-S
Diagram< B 10 °C-334 % °lst9] +3v 293 v<g EA4L 4432
7] W&o o] EAZ-S Faise FAdise AAges B 4 g agE
2 AL&HE G Fry 542 100-125 °C, 33.4-344 %00 3|23t

6ddle 29 U= dl4 F 90 °C ol8l, 330 % 1319 Sdauysse
YERA] gttt ol AL2A B9 FAPFIT ALHo] Ayr] Wi F. A4S
A AR AF e F(AF)YSFE olF o] Qo r FALA Y] W&
olth, 345 % ©1’4¢l 199 duldFFE oln AFE BAAo2ZE FYHA
¥ Jon, FAGdFFe 289 EAgol 2R FEo] A7E 3 Aury
o2 o] A7le) YelE ¥39 T2AY dFet £ MEsiEYYG 1
HE= o] AJ7]Y EAL 293 YRxHoE ALuPdAiy neAgez ¢
Z5o] Jehdrt 38 124 AFFTE 313 %= HolA oln| %P ALS
o] g3ko] YEIFS ¢ 5 Uk

9o 69l HolA kA 8-9 °C, 33 % °1318] ALA G4t tAl Ye
dot ol FAZETIE AEH o] fdoz HA4H Aot o] 29 29
of JeElgY EAEL ANt3Eoz £20] 1-2 °C AL Eolx AZ4S As
3 3en, X-F555% 7 T-S Diagram Aol A AFEIAE Asm Q)
‘o 78 REZRC A2z Jehde uge Tde o 285 °C-34 %ol 15
°C-346 %= ololA&e FHZA o] £IEL dxd 7I7lE HHe] BE¥s= o
ohgdReoltt. F31e] Rae doldFr e Ade AUy o) o) A
A8 FHYE BRAEY o] £ A9 F Fdoe FA3] FEREHY T 1
2 ete] &3t 93] AAHAH AL ofdE & £ Utk #ZFo] 1Y 5-3¢4 B
T ARo] A FAo) HWFEHZA Y3 vwAH n2H BIXsH g F4lo] 1
m Q) Ao njgo] E o o] £1r} & £ T BIH A=
R o] 7L BAEF Ao FAH7] Ao oln] YuldF EFFoe e A=z
2 B3 5989 £95 40T E AS HYEY, o] £35S AFE At
Y F FFAG F2 EXIG AFE ME3} BEHAoNME AFE of
F 7 A Qent X3t Feiv $vel Feictae Q28R 7] Wi
Fdis= B £ Qo o] ERdAME o £IE deldFEYSFE EF3I4
ok o] #7t e g §F B EAs=AE ¢ & AT BS5 A
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E F2A0A A4 dF7) dnfdFet BEEEe & ZF2E FI 4% 7t
S5A4% 3aZEYg. 7 9% 2R FI= AF FHIHRSF B FAAF
W47t B2 SRS n2AHAS5} EFEH FAHE Holtth o] FE=
Rold a4 AZog Bz 1R BXde o3 $yEo|t. ALH
o delgdl FatiHise EAL ¥359 FAAFETS EF=HA EAol A
AstEAh. 28y o= SAgke] FedFe AAUJAE T-S ¥R
=Y 4 on SHEYXAN R 9AHE GFFHeE FERH T A
ojt}.

ol43 o] #ZFHe YEd £S5 YepdFF(Tsushima Warmm
Water, TWW), tHald7E &4 (Mixed Tsushima Warm Water, MTWW), 3}
354 (Yellow Sea Warm Water, YSWW), &34 (Yellow Sea Cold Water,
YSCW), 83 A=Y (Yellow Sea Bottom Cold Water, YSBCW), ¥A}17<dts
(Yangzee Coastal Water, YCW)$} 7|g} Eolth. I 5-4d= olE9]
T-S Diagram 25 @A 214 At} o] F£3EL EAFLR FEII= A2
42 4t Faise FedFSs 2ol EAo] 4AH as59] AARE A3
717 4A 4L 74$71 ey drhdi EFFe GRS 2ol EYHA A
oy GRgol HAE ZA$E Q7] "WEelth. wetA AF71A o] A s
FE3=H 7HE Bol ALEE std R e 2 38 EAde Wlde oA
7} QA Bt 82 AL o] EAE A3 Y3t £4 50 m o8t FE
Abg3Ee] EAsgoy 18 AS drfd{F £ EEsHd vedA e

Al 3 A eEEe] AL
7b. 299 sjeEXE

aY 555 299 ¥53 50 m F9AM FL&-dE-2xe SPYEY

a8 5-62 29 #ZYH A-DS UE -G8 259 FHARIEY o
¥EL AL 57t FAHoR A U BEE
Zt}h 130 °C- 345 % ol dirhdFoe AFE AggE F4Ho
A e AFHPez QAo Exsa glo] drld{Fart AFE A
e AN EF AFHPeZ /FEEE & 5 Atk 10 °C-334 % °©l3te] 3

FE BEEL 407 AZAE oFd g7tz AEF len, 10.0-125 °C,
334~ 344 %9 FIAIFFI= dvldFiaesd Fds Aol Ex3ta 3t B
o} pE e FARXE diohdFeed Fadsrt G802 gixsa e Aol
o FAFFI BXI UeE AFL BHoAZEY ol EXE T-S Diagramol
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delsel Fadasrt 543 2198 74 £307h ok tehdFast 3
APse] TFo 2 A4 FAFHE AL A3 £k

%3“%%‘?0 'E‘.)E%‘ .‘i]_tﬂ D‘?l ])‘11_ %‘7“ —r‘ES]-_J_ B tﬂ"“}"]‘\: ‘E:"‘Efo
2 YA BEHEY o] BXE F MY guig 23 Qo shie s
7t BEW AZsdes o T Bl a2 AAHE Rolw, BE &
= DeRdA Fadsst dehdi4 s 9Ees st Yok Roldh
Ayt Fohdaae) AAAe) Wikl ozt BA-FEWFL D s1golA Ut
£ ol olgd A% FrAN Zoh FAYS uke FaE elnjsted o
ghibe MM Urhdth F 43 Atold] AHE 423 AE RFA Holn
AEME Yehdt 2B o] AALE dFHdE veye Adde v2o
o EH AL "9—%‘1’&3% JEANC] Yelhs #de] gzt AT o5

U

e Ade TANA 5P ¥l sl Yrhke AAQH vl ALY 2
de wsge) ghel sl Uehbe Adeld. AT of e FAYSS W
atel 97 Rolth,

olgig gutoZ Q3] AMHdE ALHd FedHe] WAt £
o gd Co EXA & Jehdt @3 ColMe AZ Jd 129 vt
gon AZde AL 57t X a2y o] FALXE YEEE 94
o] olUt} 1Y 5-7 #ZF149 3 £ 48 -Ux(0) EXJE £ 9
A=l oyt A FLJHo] ¥4 o3 4= 3]’—@10_% Ao F9
(neutral)q) FElE RAET.

o

. 6¥9 FEX

1Y 5-82 6¥o] ¥E27 50 m AN F- G -2Ux9 FHEF|L, 1
Y 5-9& 29 #29E A-DE @E F&-AR-AESY FHEXR 6¥d= 2
A g AZo] o]2olA 7] WFo HEe EX9 HF9 ¥V =2 A
9mH-e By of2o] FAHO A& 5ol THEHY FFde FAFALTTH
A g Xt dEole TZ FAGFFL MF FAAZEFIL X
e geld B4 Bolx gEth AFE AgoME T24lo A T =
o] Uit olAL 1L |yt A% wel Bo=z Eerte e RAEY
(AZ% Aol EE420] 932 EE24L B} ol £ATH 3 AL ©
). gejtase] 2XuYrt FaAsPsd o8 AFHL UsE AL AL
3} vws] zFHo|th BEHe AHoe FAZFALTIH AZde FAATHE
7} XS B2oE A5 E FAFAUSFY dFo] ofstEy FHAFTES
o] g3to] R3PS B 4 Utk 2= AFHds BEES I FATH
7} a2 9429 4 gle Feoith

Cgdos Eo|g moo] vehdth #Z3 19 o)A 9 o e AdF

-
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2ol 4359 AFol olFo Ax Ued W3 olFY s A A
A XS 3t Utk DEHEE B o2 ddF XL #FZFHB old9
A AR A AFol olFoldY. - -3k5e] 24T AL Hole
AR A5 oJFALAGo]l Uehdta Hud e FAFH Aol (A}
7, 1983; 7, 1979).

olgigt -3l TR FHURYEE HFH 50 m Fo] o F UE ¥

- )

82 W
At b 2 e off Ay nf

B 0 B3 FLEIAXE AL F29 57 3 FER 2
o AAHEH g 50 m F9 FLEXGME WELAE F29 57
Gt A4E Ao ot 2313 ot dZE AR vehdd. 4R
FIEXESE dE2n BFS FAZALT dFo2 AQY st G4
Al AFAPeR et glon, 50 m FAAME 233 AU FujFo
Z-E gEol RolAL o Bx s QREROE 2d 3 ol A=
of RolAgt £23 GREXS o] W) E thE £¥E BT

2

1
l

29 5-10& 99 E33 50 :
5-112 99 BEUW A-DE WBE 5 Q¥ UL BT
= 693} ohAkAZ 392 54 $XEo dat EFFLEEAAL due
FAQALY A5 AFE g 257t esswl v, 50 m 2
EIZAME F o] ARBT EFALEXANE FART e e o
2ol 7bg vtor W Sz 24E EolNE EE W, 50 m o) ¥¥
AXE Falsigel 714 on FaN AA4E Qo] FolAE BES B
Atk ojshe REE 699 REs) JlEFez Pe T2 4B 727}
#APL RGBT,

643 99 M%Y F2E Bolt AL A AFE A FadR
7k Asite 2 AAHE ol AAHA Waol ot AL onEY. T 3
o) AZe $HL PVE FANG $IEH /98T B £ Aok £4
oz £ee YUAA(LETEIN G¥-e FARL(LETE I 2

HE¥olx, IY
o 999 ¥ ¥ E

Rk
THEHLR BFFY L& WA AFFY & FolAA, F5EEL
B PolAA At 2ER FAER] AR FFY 2

9 AAHE WA 50 m 39 FLL FolA AFE Aaelel
15t AAUT wHe) R EFol FOAL 50 m 2L Ropd 23l
Faalso @ 2 $LEITNA FAIRF Mo ARFE
et HE FAEFAT A 2AA oW FaAdFsY 4 P RAA
£ G8d A5EBAA 9 F3
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A 4 A A IHE FAALLY A L& A3 Q7

HER A AR niglgo] GBHd s A FFA L] F
AsiA el Aok oA AL@AL o] g vt Fe FES IHL
T oqlohe AlZhe ZHAl ghETh o] ddY Ffrt FAPFAM FFHARE
(3, 1979) Q2R 1A {57 FA2 FU2 754 AT AF
Ao FALESE AFE A sHtoldnt BEH MZEde FAAZF YL
YA AYFa W) A2 £F3A% oldade T FA=2 A2E = o
. asEe oE3d ndAY 57t FA2 /S & Ae FLF F2=
AAte ma fgde Aol olEE FEol 5T olfE AEHA B
9t e QREF £ SEME 1A AFFFol Bodr] Pl
. = 1g4e] T3 AF Qo FHFF o R FAERE uAsTEH
T g ve e vehjel sk Aolth Faole AE5H ZE FHEAA L
A7 A5 S0l 23y BEe AEH FA2 FYHAE FUFE FHFY
Aoz ola A fA7 Brbssth Fue A5H dEe fAI] A
AME ot 2ES nEA e o]l BadH 1 FRe IE AL W
dle fioh

Qz3e) $eREATRE o] BAY AT AAE Fu Ao 699 A
2y (Y 5-92 W #33 189 dAF/1FS tRE 13 °C o3kl HiE &
27 219 #5715 BF 14 °C AT £2& JHAL 7] W& #5H 18
9 #4150 £HNEFE AL BEH 209 £ HE FE U F5H 18
o FHASYSEE AANG #SY 21 HEV= o A3k FAH
o2 FIRS7 BAFOR FHor otk (I¥ 5-8). FAARLEE
umE olge 22o| B WHH Aok #ZF 219 A571F FEL B3 %
oldeldl Hla FaAZWEA H5IE e dFEE 330 Y% oldtel7] BESN B
AA=YS5Ae F5E2E TS 5 Q' FRolth oA BFH 20| A5
Qae ol wx Uk sdolzte ¥ AW oS FA{IL FSHA B
O Bz Addrs durHo 2 ¢Eglo] Rolxy] W] 0§ 1dol &=
A olmel e od FIFBYTTLE AT £ glon, BHEA ogH g
o) 1QFl g3 FFLEo2A Tho] st

9ge) AFE 694 FANAE Gk £ AeE FAAZTESF AAo
U fEAESH Mgt Atole) sl BF AE420] wlg EobA F a e Aol
7l 2oz nolA HAE ued AT AA gon, ¥ BvE AFHA
S5 Aol s MHAL o] v AAs =] otk 2HER 9Y

—177—



o 6z TE WHoz BAd RYTH 74 HAY 5] £H02 BE &
FHE Ao W S4ZS AdBTY PHE GG dAgE AR
5 22 4 92 Aol 1@ 5125 FEHH 0 m 274X B EFHEAS
A 2APT 43 GRe) FAUR TS HAFY. o) H F4lo] Lo} B3]
0 mit e FAAAD BEo] HYL AT EEYH 238 U547

A& AH8-3 A

HFFLEXGNE AFE APade 1257t e M-S T3 A
et uet A2 ol dule FAHOE A Fo] ¢Ad] EFHNS W
gt G AN R 1Tl e Hae] v FdMT EHE TH
g 4 glon dudgaa Fgdolol e AL RAFEH. o] EXE 62
(B33 203} 23} go] A ZFo| A 4Ad] EFHNL de A5 5FS
BaZEog. a3y 9gdle Aoz &4Ad] EFE AL olYER o EEIL I
59 553 A AL opth AA sEL ¢HAERE B (2H™ 5-12)%
Egol A3 g A% (29 5-109] FHEX) F 7HHEA 53
ol A& w3ty ¥ 4 Utk 50 m F2 £FAME F EX B
= A dne Aadctagoel dFdH JleEz dFe o
L wt FHE FPFIL = F AT

gy B QEEIAAE 23 28 Asity d5rt gt
o] Y AFE Mg e 1g9 e AFAFPer AZ2d0
F2 8 olffe AMaA ALY FUsF F¥eE Holop & ot EW
B9 4/ BE MG A9 vz AT AR dFL A4

274 Jehdr] el o] FAdME AFHY AFEEE 43

HEEF/E HZ3A @Fon, ool FHFANZTH Age FIHEA
(Rho, 1985)9} thE A A#RI} EYA dedE olfE BRI, oln] AFT
s}zro]l AF Y ARAME AFH FFA AF7E HA%E w2} Fe= FFH
= v, g2 BAdME A g FRA vt Hoe| &gstA] X3}
2 et FE5FAAEL A5 FARHAE AFY ¥ €
m 3 ©]3le] £ AMEItT £33 die] BEF XFHY et
02 EMde dEEXNS AV gEold

o me o

H
TS B KR
Z o8 M Yo

=
e
Me
1o, off

A5 A B HredH FAIFS

e AzplH ALA GRse] REF 2ZVE olgdsde Fa Fa
2 AZ29I FHUSE AAALE wel YEoT Bgsn, S HE WU
AZHE olFaigel FAAZYSI BROZ BT FFAY A5 Asd

—178—



= AL Byt oA A5y Aduse s
Fedl 2 Aske 39 5194 ANE sl A

2 A2 BRFAL AYEE T2E RAFD A v
190449 299 BEAAL IFA A5 4Qe woldE F7] i 1986 1
4 09004 28 62 Al AFHERAN B3P ASE I 19
5-1

¥

13

o

&

oy N 2
g B0
oﬂ

=='..

S 10m 39 23 GREXZA 199493 299 #Z2AH} o 18 vy
2 51711 HeEAE AR v A3 dinld{ee iz go) &%
o] E¥3iu ‘5%@4 SHEHEAE a}a} AFTE NAYTLR Eof AFHY

o2 fEHE e BUn FAIFSFE dintdise] GEAAS w AF
E FAggAA Fi2 Y=Y BEERAS g AFHPeR 22 ¢+
Aot
olig &3 AFYrede T FAR KA FHIFA EAEs

FAAA FI A 23U FdF -\—}7-19}— 9274 Fed dert ok ¢
A, FidFHe vl 49 559 22}{??}0]“51, a1 EFL 1Ac#Eel A
U FEH3E 4oz Yedh 48 o, ALHd i3RI FAE FY
2 i 2 Futz Fexe Aol oty I¥ 5-13¢ vEd FMou F

Aol Hoj FXo] 1AEE0] F£or AFHE 2 AUt thddl,
Fdiare FA=2 FdHE 29 FRA dsESe FHolvh ofd 549 3
7t =00k GRS ¥5 & A7 old R e dHE=
FE Fdise S48 Aosor dvke Aeold.

Fa3FTd 54 ofF FFE AHgs}rldle ol2nh HE o] AFAA
e A4 7hsAdol wEAYIE AN AL FIdFi o WP A
TS AFske AZIE td@ R B3t ARSI FF SAEA 2
gHo 2 YgeAE o3 ran, 1 550 Fd JFAFoE e &
Ve FH E5AAE £¥A ¥t ot GG FE SHRLEY wste 9
qxnt &2 & Ae AFIAE 2ECD TU A= FHAEAHES] AW
T 93 FHetaA Raa e FHold

-

A6dH A H EY

ARe@) TzAN 71E 328 A AFE AN ALLH o
240 BEL dgor ASLETY AVENE Fd AHY AFeBL 4
ugtt ARE 19949 29, 69, 994 BEY CID BEARE Algdgon
1966 1-2400) ¥Ad A& sk $4 FAEAAA ek 212 3

& QAo deldRERST FRaA Bagol veg Rold. mldREd

—179—



B

ey
Iy
o
o

g EAtEAE & & YA AL FEAA w49
debd Rt Peslol e A2s Fa 24T 54 RAF

AgdY A5RIE dridR47t AFE AL A2 AFE AW
g AZNYeE Adse LT o] AFE H¥sdo2 B o
GRF7 BE AFHPLE #29L HolET FAUSE 2TVE ojdsd
AA BEHY R AGS B gaat TE2E Holt Wl e
£ diohdRest G3Ys Atoldl BESW AZ4E AEAL A Fai5e
2 59 g2 499 FuE 2T,

AgAe) LT YuldRss} Holx Yool A WehEEETS
7b dehdth EZolE 31 % BEZ e AT GHAd Yeht daga
A5l GPol olr] 6gel AAHREE RAFTH o] AASE AFHPoz W
A Yok wEel FHE FAAMAE MRE A3 L IR AU REIG
Aze FAAFYF7E £TVE oldae o dalan FAdRSEE B2
©2 Qhishe YUE AT FAURSE S0 m 29 £LRE2 wE AN
Ho AANE YU HolY FRPER W Ats Huslel

FUE GAGe FF M0 AF SATF BAFE HAo2 847
5o WIFLOR HE FVE FAAAY A5t FaldFsst AAsolof
. 699 WTARNME olaid Fel tehbul wal, 99 B AR
o

e L -y

4z

IR FA At ATt AT Awsde) ndseed agdE Ro2 Yehd
-3 olfE 9l W FAME o] sUF] FF-E Hol o} AP3E
7] QEolnt. Ao JFE VA Gt FLolu 9 e 699 YREFE X
d Fdievt A5 I FMgen fYdgT AL & 4 AUk
ol F AdE 17 5-1d AAE sfeE AQEss AwPy Fe A
oltt. 1ake@2 HrhdFe &30 3 WF A=t ud, 234488 A- T
o3 T3t AMEHEOZ 1] Wy dy2 Yeidd Fessed)
A 8T AES 37 Fo 3 & FFIe FAIFSE oW B2A
AM EA 7heAdE EA 22U BFAd P9rl g5 FgYL
o F43] BoE & JE F HA Re] gEe go= Fg sde) =
ARZE dasith 53] A 234 E FEHAL F, J2H) Asite w
2 AR AR FYHE RS B3] M RS0 B} A
A3 g ez gugojor & Aol



FaE3

A8 7], &, 1993 AMadR Adde] 19909 38, g3 5: 21-32.

ZAZ, 1979. =AM AFe] AEAH HF tist]. 4 % dT+E1A, 8
9-29. '

Asaoka, O. and S. Moriyasu, 1966. On the Circulation in the East China Sea
and the Yellow Sea in Winter (Preliminary Report). Oceanogr. Mag.,
18(1-2): 73-81.

Beardsley R.C. and R. Limeburner, 1983. Structure of the Changjiang River
Plume in the East Chnia Sea during June 1980: Sedimentation on the
Continental Shelf with Special Reference to the East China Sea. Acta,

" editor, Oceanologica. Sinica. China Ocean Oress, Beijing, 243-260.

Byun, S.K. and K.I. Chang, 1988. Tsushima Current Water at Entrance of the
Korea Strait in Autumn. Prog. Oceanog., 21: 295-296.

Csanady, G.T., 1982. Circulation in the Coastal Ocean. D. Reidal Pub. Co., 279.

Hsueh, Y. and LC. Pang, 1989. Coastally Trapped Long Waves in the Yellow
Sea. J. Phys. Oceanogr., 19(5): 612-625.

Kim 1O, 1986. A Study on Coastal Waters of the China Continent appeared
in the neighbouring Seas of Cheju Island. MS thesis, Cheju National Univ.,
46.

Kim, K., HK. Rho and S.H. Lee, 1991. Water Masses and Circulation around
Cheju-Do in Summer. J. Oceanog. Soc. Korea, 26(3): 262-277.

Lie, H.J, 1984. A Note on Water Masses and General Circulation in the
Yellow Sea (Hwanghae). J. Oceanog. Soc., Korea, 19: 187-194.

————————— , 1985. Wintertime Temperature and Salinity Sharacteristics in the
south-western Hwanghae (Yellow Sea). J. Oceanog. Soc. Japan, 41:
281-291.

Nakao, T., 1977. Oceanic Variability in relation to Fisheries in the East China
Sea and the Yellow Sea. ]J. Fac. Mar. Sci. Technol,, Tokai Univ. Spec., No.
Nov., 199-366.

Pang, 1.C,, HK. Rho and T.H. Kim, 1992, Seasonal Variations of Water Mass
Distributions and their Cause in the Yellow Sea, the East Cina Sea and
the adjacent Seas of Cheju Island, Bull. Korean fish. Soc., 25(2): 151-163.

Park, Y. H.,, 1985. Some Important Summer Oceanographic Phenomena in the
East China Sea. J. Oceanog. Soc. Korea, 20: 12-21.

—181—



——————————— , 1986. A Simple Theoretical Model for the Up-wind flow in the
southern Yellow Sea. ]J. Oceanog. Soc. Korea, 21, 203-210.

Rho, H. K., 1985. Studies on marine environments of fishing grounds in the
waters around Cheju Island. Ph.D. Thesis, Univ. of Tokyo, 215pp.

Uda M., 1934. The Results of Simultaneous Oceanographical Investigations in
the Japan Sea and its adjacent Waters in May and June, 1932. J. Imp.
Fisher. Exp. St., 5. 57-190.

Youn, Yong-Hoon, Y.H. Park, and J.H. Bong, 1991. Enlightment of the
Characteristics of the Yellow Sea Bottom Cold Water and its southward
Extension. J. Korean Earth Science Society, Vol. 12(1): 25-37.

Yu, H, D. Zheng, and J. Jiang, 1983. Basic Hydrographic Characteristics of
the Studied Area. Sedimentation on the Continental Shelf with Special
Reference to the East China Sea. Acta, editor, Oceanologica. Sinica. China
Ocean Press, Beijing, 270-279.

Zhao, B. and G. Fang, 1991. Estimation of Water Volume Transports through
the main Straits of the East China Sea, Acta Oceanologica Sinica, 10,
1-13.

Zhao, ]., R. Qiao, R. Dong, J. Zhang, and S. Yu, 1983. An Analysis of Current
Conditions in the Investigation Area of the East China Sea: Sedimentation
on the Continental Shelf with Special Reference to the East China Sea.
Acta, editor, Oceanologica. Sinica. China Ocean Press, Beijing, 288-301.

—182—



“JOWWINS pue
IjuIM Ul eag eUIY) jsey 9y} PUB BIS MO[[9X 9Y) JO WeISe]p UONENOID [EUOSESS JNBWIYIS

J.0€1 A Jo O21 Fo0&!/ moWﬂN\
T T T

J

Jswwng Mmo|} AiDpuooeg ¢--- ‘_25?% Mo|j KiDpUOIRG «---

moyy Liowiiy ~—

Moy Aipwily +—

N.Og

No.GE




34°N|

33°N

34°N

SEP.

, ) =5
125°

125° 126° 127°E

33N

Fig. 5-2. Observation stations in the northwestern sea of Chejudo
in Feb. 17-18, Jun. 20-22, and Sep. 6-15, 1994, and bathymetry
in meter.
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depth of Om and 50m in Feb. 17-18, 1994.
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Fig. 5-7. Vertical profiles of temperature, salinity, and sigma-t on station 14 in Feb. 17-18, 1994.
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ZAZE AAE 28€ 3 124 31Y THEA0] WEe Fol7l dEErdE W
ot i AARFE £ Y HFE Aol HFETEH R 43t o]FF Ao
2 #4349

Al 4 A dubdF E7]0dA A{FTFE

SAgM HFZAIA QoA 9] CTDAIR ] 23l FRA|Q 9] FZo)
At FEAF5Y AXE JHFAEI BEEHe] dsEez fdde
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ZMe TSl 15 mY Feo] 97299 97318 129 10¥ AA J17 J44} 7+
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o) AHL 29 66914 B viek 2ol $4 50 m FellA 346-348 psus &
AEAe) W #F XS Aok BALFY AHL P57 F4ol HLe Ul
A dFeoM dEFoR fYdte AL F IS FH dF L AA
& A J3o "olmd 45 m Ho| 31572 A 144t A3 J3% I3 Aleld
BpHHez gAger o 7|tF B o 1 cm/sd] =9 £22 E3A
A 3157 AL dSEEE w} B4 Bde] B Q EXd] F3F Yo
9731 © WE £52 BAEA dEEE0 R o|FAT wAM HFT A
Aol ST F2ZAL AUZE MR NA 559 FASIE e 20,
=3 deldFsrt 2718 AdeA Fo] AFL 2% FTERMALE a2
23 9A SEEAE wat olFdAc ol 38 A¥H HIL NFIA
S g goz g5z fdes 4 ZAHES B4
g AFT2E "L3 FAEF o & Aol
9, Fo) 9720 H}F Al FE] "ol #FM B4E 129 31¥ §
T3y, o] 3157 AW B4t BSAlols 19949 149 6, ol 97310 B3
B5S 19949 1€ 1¥¢ ZzF 533ged $ad&EEE 47 13, 18, 26 cm/seI
. Ho] 97299] olF&£%E7F 19949 19 1€ 18 cnvsE 5 cm/s TR oY F
2A 2 2RE RIHo BAde GRANY dFEF] 550 FH 59 55
o owEs ¢ 5 A

A5 A AL 7 75 F£

e, A% = F3H FHAZREH 43S FIeEe AU v
s%o REAQY 2HAQSL olF L H4 T 2IA Y AW
So) Ry zxg 237 @4 ARE ANT 5 o= Aol 1950
a2 olF (Riley, 1950) F2 U3 eAE] st ALd ol =82
19708 Fuk 48td 719l =9l 4 AFEYSRE 3l o
AAte] A2 (Wunsch, 1978; Stommel and Schott, 1977 5) d=Edolzt= &
of7} /A=Y COPEX FANAAAN #4542 EFFolst ADCPLE &=
3 YA =4 olo A W AFAZ g HAdf£e 3L £V}
S B3 gi§RdAe 2 2FAE Wi ADCPR divid® 9 AR
2R3 Ao ml% oz Aol waEA IR AT FEFES ANT

= dgol itk 19939 129 #EA] F31¥lE ARGOS Hold AL #&
M2 dubdi B2 7HeAL A FAAT ARFERE AANE FAZA
27} Q7] "W A #A Uk BHAME £ 2 Q¥ A5 o84
&4, ARGOS Holo @2 ZAzts}t Hlm 2 7ol AT F4F IS A3y

i
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NE@ Ao tete) 4Rt

7k QA AL

29 6-84 Yeld BFHES M98l control volumeg 443 control
volumn oA #E3o] REFPL 0|83 Wunsch (1978)9] W3} Fiadeiro
and Veronis (1982)7} AA)$+ W& o) &3t ch
dle] 5F0] APF E hydrostatic ¥ ola 7133 SLHWAAL

—giz’- = —go, v= fip—g% (7-1)

2 FojAY 4 (7-DolM pS AASNAE FHRL $=wsk W3 A (thermal
wind equation)©]

Gdov _ _ g dp _

0z f ox (7-2)
s} o] oA} ZIFE 4 Z,o diF g2 54 ZaAMe AUFEe 4 (7-2)2 F
2o
v, = —-£& z—a‘gdz (7-3)

2 Fdo| 9k 71ZH (EYYRIFEES 052} AT £ Alolg B8] grkm
ARHE T BEY Aol dole) & EHY +EFFL

ff[ vito(®)] dedx = 0, i=1,-,n, j=1,-,m—1 (7—4)
2 ENPT 52 53 2AFFEFS
£ vaton@ deae = 0 (7~5)

o] €t} & 7] o A zj, Z,’+1‘% 29 $ot '/“l\‘/x‘:l, x,'“\‘__; i AR Tx’.‘.‘é’{j, X< A
B3¢ 422 AUE UBIT 0, me A2 BEYH 29 Solth 4 (7-5)
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fi

Z;

I " [ j:lug(x)dzdx = — foxLLmv,,-dzdx

2 £ F7F A 9714 $EH e A AFgA ANEE AYAREY AFSES
oli1 HAL uAFQ AR AFREFFES Uik 4 (7-6)2 2y
2 EAEA

—M, (7—6)

iglvmhﬁdsx = ElAi}'vOi = —-M, (7-17)

o] Et}. 71 hy 2 AyE 47 29 FASY iNA 32344 Ny & 9 F
2 Uegdth 4 (7-7L x = [vp v, ..o 00 1" 2 b = ([ My My, ..., M"
o] MEFolE olLsle PAAoZ FAsH HF AwgAQl

Ax= b (7-8)
ol €t} 4 (7-8)allM xell &3} QAo 2 35 F3lA ot
e 422 4 (7-8)9] AS '

A = Uuav? (7-9)
o] Ao ¥ Foe g FASE Singular Value Decomposition®8& ©]8&-38+4 ot
71 A A9 /522 FTAE diagonal FBoln U VE {HETL. 3

T .

-

x = VAU (7-10)
2 BAdo

71 FRF A Fe Arde AuFHo T nA5 £/ Ao £Ru B
€ underdetermined AAol® FAHY AL HHe o) FLEYW (Wunsch,
1978; Veronis, 1987 &)elA 2 4 Aok

. AN 23 2 £

3 $¥9] EAF 7]E AF(Nakano 5, 1994)8 Fisled 2xHE @& 5
Cle) EE AEElgan BEWEE JtEX=2E #4549 %5 %F(cross isopycnal



transports) & FAIE @2 Aokn 7L St 559 AARY D= ge o,
= 244, 259, 265, 27002 EFF(ERF, T2ALESF), TIZALFA(H
LPRS), FRALAZS, LIUAEZE4(A2AES), 485 Atole] Al
dgshe gksolth 18 688 dmde] ALSd 3 BEYL BelFT AT

o R A9 Qe A WA 29 #F4 HL 1, J1 £ K28 423= &
HE E33e dFe vk JHEsign UHA FaMe 7HE flol 8%
o

1000m 4] = JAWUS 7T 2 RE 9 Y[ g TRAAT A2
OARA 5 (0,=27.0037 SAA Alo])S EFdl= IAE FAANAMT 12 gt
3 29 gez ety I8 6-9% A4l AR5 o] &3l A4E% S YR
TFE YU Al gz Soloa Uit fEES AN Al 4 A5 .
o] yehva Utk FUF S 323 K33 K6 AlololA 2 e BHAFy §5
Fe AR 5 ZdA FHE= H6F 17 Alole] X3 BAdst= 58] H2¢
H3 AtolalM = ety o o= 71% 9oulE F+= A2 ngF7 24
ozxyg AY RIYPL AXE F31 Ytk F2AL FdFe oF 19.3x10°
m¥/sec2 e} #FEH KolA] F2AQ29 AdRFo] HAEAL E3sges
BAZE Y% o299 §4¢ F 40x10° m*/sec2 UElgth old@ 45 F
o] g dirldR = vlE AZAH= A= IAJE 4 YA ARGOS o]
9o AF} 50 mFTY FE X FAHY F#BBAC =7] W) 2 tede =
g ¥ £ Ak GF A5 A FA "o A4 A9 ATl gi
Hol X X gt Y FAPHNA HojA AR E HAAlY] o]g-o] /153HE HAFETe
Hol 6 & 9ulrt Aot ol dAxrde] AHA(EY L alF o] F7h3 xR 9
AE FFAIF12 ADCP A& 9 2 HEZHA {4 A8 E o83l Al &
Zeo] A& o] 7tede E317] wiold.
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Fig. 6-1. Study area indicating CTD stations (circle) and releasing points

of satellite—tracked surface drifters (cross). Bottom topography is

in meters.
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FEF= FEALS, FF 2 T’ﬁ‘r‘\’i?l% na 2 At F4
At F2A 249 olF °1°P—’1‘—2_P-4 @57 G afll—ri T4 =0 354
EAol dF WU EZ3T (Okada, 1990, Imai et al.,, 1994). =3 FH3 &&7
719EFAE 71 AXFIt YA Zo R o|FEAHTL, WFEAIE HAEFE 5%
&2 w2t 8550 HEFH FGYALE TFINY FF5FE g5 5L o
ZF 100-300gC/m” 9] E& UxAPAR-L BT (Su, 1990). BA FF oA
3%"3431011 3 EAL odEly] e SEFI1GSLd dF REXEA
! A5 olgdtool gt YoM FrGYLY PEELS BEFHE EAF
31¢] (Romankevich, 1984) & 2 Q&7 2ol 1 X7 E#H siFd 9
YIS WY ol §EFIIGEAT G FHAER FAAH UE FFF
31]—4 FHEAYL 5559 dalFe] EF0 dFd dME AF3e FEHAR
A g FE3H AHEE F AW FFEFENA EEFIYLFLAE TP AN
242 digdt Al B2 SRS od 3" vl e (Hung et al,
1975,1979; Liu et al., 1988; Isschiki et al.,, 1991, Wong et al., 1991; Fu, 1992,
Lu et al, 1992), YE3} FZ L FIZAQ TEFATALL 53 5F =299 3
I APELAES BEXEAL AT ZAEIYY (Sagi, 1990). 28iy e
28° N o]d9] Taiwan &F3 o] HFH gty FF 3 28° N o]BoA F
ZAL2RE V== dintdie 3 2 FaEld INEELT S XFT AS
E4S $£437|dg & (Song et al, 1990), AUt FHs 9 g2 A a3
ol 7] M= 28" N o8 FFZ3 33tEAd digd 77t Asgs oA
o} gt} wWEtA B AFE= gAY, TGS, AFeRFAg L 28° N o]
5o FFFAGE BSegdos HAsY tSAld S AFEEE 31 IAIRA
g AA A

- 3HA FAEDA -Er
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7h 2AEY B #EA]7]

ZARI YL 59 28" 30° - 34", T4 123° - 129° 3002 g P &

217, Folsk £539 AANG L T3 FRAAL TR IUAG 9

otk (27 7-1). ZAF/IZhE 19944 89 28U 94 39 7UHO A 3

FEAY SFEEE AHgEle] 3 407) AWM §ENL D SRR/ GPLY
2 ZAMSIATH

Bt ARAH 2 BE 2AY

AREDL ($EF719%2: L §38L) BAE 34 ARAHE EF:454A
(0, 10, 20, 30, 50, 75, 100, 150, 200, 300, 500, 700, 1000, bottom)L 7| E o Z 5}«
Rosetteol #-2€ 5¢ Eo] Niskin HF71E o] 8 9 Y434}

EF719%A AL A% AlEE 10 % 94e=2 na AHF 20 ml S

°] A= Z Y Yol Fol YEu@ala APAZ 2 F BAAL

SN F L Winkler WH-S ol 83le AN ZASHAL, BRIAL
AHF (AOU)S ¥l & (potential temperature)® QRO 2 RE AAlg &
49 TIEToM BEHEY {249 FEE wglow Hosau
(Pytkowicz, 1971).

€A ofdol 2, FA4tol, Aol FALL Grasshoff S (1983)e) 2]A
Technicon AA2 ZFE £ 4715 A3l SR ggon BAyye gLy .

© opFAte]  (NOz): AlEo]  sulfanilamide €93  N-(1-naphtyl)
ethylenediamine dihydrochlorideS 7}8le] wrAl A| o}

° A4l 2(NO3): A& E Cu-Cd Columnol EFJAIAHA olaAlolLoz 3
LAY F ofALdol 2 BAuhYn e b o g wAAZA

o Ql4to}2 (POS): AlZ9] ammonium molybdate potassium antimonyl-
tartarate 9 3F4te] EFAIeFL 718l ascorbic acid® FLUAA LA R} ,

° T4t (Si(OH)4): Al&°) ammonium molybdateS 7}3ted silicomolybdate
complexE %= ¥ oxalic acid$} ascorbic acidS 718} WA AR}



EZ SENATFETE 1LY (59T, >U%)S HolE T332 Y2
o] FREAL FAME 208 M olF=2 B2 Whdol AP (<33%)2 Ny
AzAT L AFE MPEIHHME 220 M ol =2 FF2 Holu Y}
(28 7-2). §244A¥se e FFFd AP A5 iS5 e
TE38 FHEAAAAM 110 % 014 F& & Holu U (TY 7-3). 100 m
FAA e &AL FF L BRI G Y ZdA FEEeE FHzb o}
A AFE R f5E AZAdAE 165 ¢ M o3tz 433 3k (2d 7-4,
5).

BEF FIQUAFTERET §SU44TF B9 vK3lo FEA4A
oA ¥ FEFS Hole Hidd I3 T ARG JFHo =z
L s R4 T8y RARIYE R EE 05 ¢« M o332 433 2R
o AT (2E 7-6~9). 100 m FFolAM e ZrFd4L FTEEEXE E30= 27
SENLFF] R WFEHGAA BL FEFLS Role W hFAAL A
AZ e oz 43 FAdte s=vulddS 23g (28 7-10~13).

4 gAY ANBRL $AEE B4

1) #ASAH A gy Aad
Ak AY A A2004 9] ¥F 24T 232 ¢M 2 ME =
AQEZO T Z4E HA A3 FH AlOAA 213 ¢M 24 oF 19 4M
atolg HAFa, A3 A49) A7 ol FAH e dEALde=R A8 337
g S NAFF TS BAT (TY 7-14). GRo] 345 % ooz n4¥Q
TEHHe AFFoME SEFLTF] oF 174 ¢ M BA HAFE 2k
FAZFZNA Y 22X E 7]t wg 2D AEZFIAE 93 &2
A4 PSR Qe 100 % ol HXIE Holi AAW FHEHS sl
e #7189 B2 Qs 76 % oldle] e e HAFuY (oY
7-14). 8&EAA FFo] HAQ dFZFIH G AHFoAMe §EALEIITIL 70
% 2ZA HA e 2o

Aol @ QAtolL, ALY FEE F£L& 2L SE2NA FHEE I v
K3t IR Ao QRFOoZ AFE A o
FAES FAF AHF2 sty Aol Qlitele @ FabsxsE 7z <10,

P K

—221—



<01, <50 uM 2 33| AWl A (TY 7-15). T2 FLFFHFANE
400 FABEE SERIYFLERE FAN 21D £42 RA
o BEE $ENAYTR HMAZ W A% AT BAZ del =T
Aol T RolT Yo} 2F Ao TAHY FIF Aol §E2RIAY
A¥EN BT QEREOEZ B4E AUHOE AHolhe B 4 ok

(2 HEH D AF A% B2 Joa
B4 DolAY §244 2 §EFIYYAFE BEE A By P
£ BejFmgln

SEALTFL FFAg HE A D29 FAEFZAA 240 ¢M o
024 EFL FFS Hol1 U1 AFE FEOT ASFE HA FA3o AH
D10s1A 213 ¢ M 2 27 pM 9 ZolE BRI (28 7-16). 10 - 40 m ¥
9] £2F3 RN S0 FIESE FASA AAdd 1Y (534%)9
AA D62 50 m o]y FAldME 190 M ol5te] W FFL Holu Y
A D109 292 7Aoo X3 30 - 50 m oA 160 M P29 433
2 BEANA FFE Hols Zo] Kol

SENAFIEE FAETSAAE 100 % o)A HE3E Holx AT
A okF dHFAAM = 80 % oldte] BXIE Holn Ui, §FNA FFEXY
A A2 AA D109 30 - 50 m FZe] <70 %, <80 xM o] ¥ ¥IT o}
Z2R71ASHF (AOU)S RAFEY (28 7-16).

Aol 27 QA FEE AMHoE FFEFZTUHAME 1 ¢
3] AYPH AAT FL2A4ERAME FAlo] F/EFE FAHB] FIlEly
g C34%)7 B £E33AFS H AH D69 50 m F
98, 143 ¢M 9 F2 Aol FAFFEE Holx A (¥ 7-17). £3] 7}
A G SE24AEFE HA A D102 50 m AL FAEEIE 175 kM 2
A #BEFHA DA 7 L FES HY o] AN g ALF #Po) 8 F

Q) #5H E §= AMdely A, F3dF
EEFALTFE AFAAME dFERC] 220 4 M oo 2M HuH & FF

< Holu ot (2d 7-18). 53] T¢F A FFQA E49] REFF VAR
A Fee 20 m ¥ FAAME EEALTFO] 263 kM ZA AL AGA 7}
=0 a2y £ 2 @980 %10 C, 33 % °1F=2 A2ARE B TR
A (B3 EDY AFFdAME 74 %, 73 M & 7M. 8E4L2¥3 w9}
BEH7ZIMALHF (AOU)E Holx vk (1| 7-18).

ZAjtol2 & QAo 2, F4te] v BUITHFME 1 ¢ M ol3t2AN =
3 2R YA F2FFHFANE F4lo) TUESFE FAZ] TR A
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2AGT Be ARIIVAANT (AOUE B YR B B42) A4
2 A

= 65, 10, 120 M o] =2 AAlo]L Qlilo]l & A =& Heod
(8 7-19).
(4) A=A F: 33 Mgy Aan

A
BHEFS MY §ENLTFLE BFA E oA} 2ol 220 4 M ol

=2 §Fe Holu Jou FAFeRAME FATI wt FA3) Fad
M #F4 E & & AelE BAY (28 7-20).

Aol B qrite] FET FIAEAG FAH Fld F4 o FF oA 242 >4,
>6 M 9 ®& FEGS Hola 3o (I¥ 7-21). IY FRF0I AFE
olf F719%x: TEE A AAJT F2HFT AR FAdol, ol
R Y TR FASA STl HLAE (G150T, 322%) 2] AFF

AAE 7zt 99, 10, 175 £M o) & ¥Ege Rl

(5) BEA B e FawW (325 °N)

SE2ALTFL YtF o2 £L2B ¥ HSEe YSEY FAETHFSAME
220 kM 9 £ FFE HolY, JFeR AFE Fa FATT (2 7-22).
S22 ¥3 5 FUHEESUCAANE di7igte] 28 R ABEZHAE 97 &
E4th Yo 2 AdY 100 % ol HAX3E Holu glon YSEW AHLY
B29] 20 m H22 FAA FHUIAQ 160 % o9 AEIE BRI gz
o] FLREALFANM 77 % o E3T9 58 pM 9 RRIALANFL FA4
200 m FZolA Holx ov US53Eo 2 AFLE FAHI A5 iKY
X 30 - 50 m FAelA Rolxu ok (2] 7-22).

AMo) L D QAL FAFEREYE £ 9@ S04 E¥XPy e vs
sl AwtEpo g FHEFEFUME Aol 9 Qo] Fr & 05 /1M
o2 A F3] ZYEH YA FL2AFIRAME FAY FUtd wal 343
Z7tsle A%S By §E4AFFR azvtAR t}lwr%‘?‘f. A ZA 7}%"‘
2 L2 2 AFY BdA 9 Alte]L, Qlitele R qite] FFE 72, 06,
113 ¢ M 2A diSA ] A3 33 B9 200 m #éMWel FTE vk
o (39Y 7-23).

6G) FFA I F=s AdH (29-30 °N)
%%Liﬁa*—ﬁri% AwrH oz o3 ul&d %E%b}}% ot} FH3
}‘1“\5 210 pM 82 ASEHA 9—]311 o7 Zf gaste

Rolx Qu} (28 424). FAAHo 2= FLAEINRAANE F4F57}4
SENL FFe FH3] Fadtd A5 21’;01]/\1 150 4 M o}3tZ B3
zZo] ZZAQ4A 1000 m FANAME 90 M o3ttt 175 p Mo &=

M o

y ke
N

o

=

Jlﬂl
rﬂ

m!m o

3H

b

*B-EFIEFH
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g B 70 % o EEAATIET TRAQFANME 200 m BEZ5AGA Y
By 58 %0 2 Z5E XAl A5dtd SEHAME 4 60 - 75 m
A #FHAD (Y 7-24).

LE2D/NGIAEEE £ D LEAAGFET Y HEdld AWM AHoR [
AEFZgME Aol & Qo] FEE 05 M ol&2A 23 AYH
of AAY FekFRRANE F4 Frld " F43 MR (29 7-25).
RE5EGAA 71 B AEFLE 1A A 59 $£4 150 m oA Aol
Qatol e @ FAMEEE 77, 07, 112 #M A hFEAMA YA AA J79)
200 m FAldA 9] Fx 9 v &)

() $24 L: $533 J99 (2728 N)
s

u =
o (2¥ 7-26). F2FFIHoA e §ENLTFLS FAZV u FA3
#ZAste 559 AF6AM 150 M HY e gFE Holu Uk 939
FREAIL FA AN FENLTFIFREE HA| F457 o) wel A Fastn 54
300 m *Z& ZAAZ3Y 20xM/100m 2 F23] 7ZA%ch 175 ¢ M 9 L2
A% @ 70 % o EEAANIET FRALFANAME 200 m FEZ5A A
FZHAA = e WFFHOZ ASFE FAMo] F53ld WFERGAME F
41 60 - 75 m FZA BFHAT (2 7-26).

ERNGEALY Fev AMFHo T FHEFZ VA= Ailol 2 9l
o]29 Fx7t 05 xM °lFEA F3] AYE AT (Y 7-27). 52
BAR sty £4Z7e) w2t S2EANGFLATEE FAA E18d S
AZo A9 Aitole, Qatol L FAFEEIF 24zt 70, 04 120 «#M ol o
A 'L T BE599A0.

oft of
KoJR o

A 4 A I =z

o

N

L IYELL FHEX 54
dRHo2 FENL % §EFIYILTEE £ D G vk
4 BT EEoA gEL %

€ FFAGHG R FdolA Be W 1euAA FRAL FA A
(2" 7-3~13). 234 100 m FelAe §244 P SEERI|GYLFE

£ I



E%—Oﬂlﬂﬁﬂ 2¥she 2o gSRddME S22 TFol B FERI|Go

B0 wRe ABNE §E4ATF] BT $ERIYYLEE
vfc} (28 714-2D). 44 0 m o AIRVE AAZ o] SENLG §
2r9Rasnst B0 R F23 Parse FETRHAYL GSAR 43
7t NSRUe gel §58E AT

oo B

b

.

o FH%

Jm

el 3

P
oz
o

A SENLYF L STVLINEY FARTE YNHOE EFA B
3 4ol F7Hge] W AR ZARTH T RERAel AN PR FHS
(B2, EAY #2%3 71A%e] ANFE F4 20 m F2eINE 150 % ol &
e SEMLIHEE RAFT Uk ol BE BEHEE oE AHES
59 % 2234 AG% 1G9 A7 e A ANt Fr@ Fedol
S50l ABEYaES) FuF Aoz A ARz B A oF
%@OM—J 222 a FFLS 4 pg/l olPoR TH APER AIE HolS
Boln itk

I

k-.l

TR ¥LER FAREE gutyo g FF R D B ¢
Zol LA TR AFT BFLR TFS AP RATLI A=
AZzTA IR I3 AYPHS A, 53] FFI FEAG AN F2A|L
FAAME 4 F 100 m 7Hx AidelL, ol g wiEErt 44z 10,
02, 20 #M °l3lz gt a2y £%4F2 FARL &EF 1 FrEEE 74
3 F7bele ARAAA A BEIHS EAFA Ao 54 1000 m oA

ZAtol 2 H ite] FEE 247 40, 100 p M RO EA gHEF] 2 4o
A9 Fx o vzt
FEI ASAMA g F e FRALFA A 4] 200 m P §E4A
9} SE2RINAULETEE YSEZEoT ZALE SEXMo] HHOZ AS53ldg E
B AE 30 - 70 m F2A JePdTh o)A Y AIHe e 244 1
THG EERIEEAE MR 4 %‘31:7} HESES o ds59es §5Hn
AL FAEL, olelg §53lFTs FFTAMANA AEETIEY BHAEE 4
¥ TG STV ¥ u‘£.°]q‘ olaltgt AT =l (nhEte] “F2
Al F3 US55 frdd dig 7HE7dA G730

l-

o}, ¢35 40| ue

R

AELLE EXEA

A

FL-FEERAA Aol FiEs EANAES 19 7-28~32 ¢ YE
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Wi

42 GREFAY Ul §284F BIs 12AHYE (25T, <32%)¢
AQtEZ A 220 pM oleln £ R o] Z}zZ}t >33%, >24TQ A3
Qo] F2EF=WAAE 210 - 220 M olth F2o] FATd mat &4
3 T ZAsle 10 T ol3te ALdoMe §EILTFL 155 uM o3z
2o (13 7-28).

L2879 %Ar FEE 25T ol neddas Astol, Qo] E
A7) 242k 20, 02, 50 #M °l32 Ro F&o] FAag e met oF 77
grwT e Fa Z/sth ¢ 10 T & ZARSY BIIAFAEEE FAS
Z7}8te] AAto)L Qlato]l e B FAREEI} 400, 25, 100 p MY HUAFEE B
o (2¥ 4.30-32). 10T ©l3te] A2FaAae &3 Ao 2FEI AAE=
[NOs] = -26[T] + 51.3  (r=098) o]t} o] 1993 129 ([NOs] = -24[T] +
416 (r=094); FZNLFATF 4, 1943 AL zbol7t gtk Liu F (1988)% Wong
= (1991)0) B A7adn A A2 300 m Y AEFE HYe=
BAG Aol L3 $23719] 7187] HA] 22 - 2824 EATe} A9 dAE
10T ©l3le] AEFdie $2std WE JFge syt A9 flu 24, 3
gHoZ HAo] u$ FA FLZ AFYS RAAEH

[ )

2t 43

z 54

AL
A

1) BRIk AAuF (AOUT §SR7|F%4L A7

nengde 22AeE F52 A%l NG 9L Fo hEPRCR F
48 FaAesst dLsste) YA L BT SENLYF Wtk R Xl
2 e nAY 53 FRIMLLTF AOU)E AAE L%, 4R JHAE

47t 71k AE2En P2e g9 GuEE TIESIaFAA FF 3] (in
sitw)o A9 &EAbAFES W gholth §E42FFL F7IES] 3 5o
Z¥EE2 AQUE H718E28d st AME S§EF719FaFd HHATH
(Redfield, 1963). 2H7]ithAu[Fo] ogh-d B FRALHSTE AT 52
Zold 42 20 T ol3ty slFaAe #EZME 2RIAEAHF B AidolSF
ok BAE FIAT 2RI AuFH Fibo]2zte] AMBAA (>09)=
HE HAE (biological relicts)ol 7tatgke &< #7718 3ol 4TS v
Liasy '

A oo #FE5HAE A ZEI|GALHFH DAl e RAl=
o3 2.

gajql A (#F34 E) 0 AOU = 126 NO; - 214 (r=0.93)

HIAPFAEYT (FF4 A) 0 AOU = 7.1 NOs + 1.1 (r=0.97)
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(54 B) : AOU = 57 NOs + 236 (r=091)
(F54 ) AOU = 54 NO3 + 255 (r=0.94)
(#F&4 K) 1 AOU = 6.2 NO3 + 375 (r=0.96)
(FS4 L) : AOU = 79 NO3 + 6.0 (r=0.96)

4ol 50 m o]l @&l 33 % °l3Ql AdAFE FAE FFA G
HIHQ #EZAH E9 AFMRHGNME 1267 1382A £ HE&E Ho|xut
RL2NYPE Hole FFIE e BFH B JolMe A7 54, 570t}
olgk2 FaldlA 9 u& (F 56)2 A< H|%st (Gamo and Horibe, 1983). =
At E M G2 A3 #Z2AH K9 LAME 62 - 79 24 dinks R
T2 A QAN AL v]-& (2F 6.7, Wen et al, 1989)3} H]58}x]7t Redfield ]S
(83)Rth= <kzt ¥l 19939 FFe YA T4 ERFFA “FutEFas e 3
AL ¥ AT Aoz AP FHFIZE  (26~30° N)oA 9]
AOU/NOs H]& <Al 57 ~ 679 W2 B zALARS vl&sith dutzoz
dFge FARXE AAFLEY ol JEGEFLES] Esld 3 =dHE
2 F2ALFANAMY ¥ AOU/NOs H &L 2 7|EFLEsE WEUA
o2 Als €t Wi T2 24 g AOU X AP FRAIFARGE
Fpo] e oz 252 AUHoZ T2 AOU/NO; HSE BAY Imai ¥
(1994)2 AFE AMEHINGY FajPFFdor 1169 =& AOU/NO; HE°]
ZAHd vk itk =& AOU/NO Hl&d tig 7HsAe ded 2ok (1) 844
7} HAE EFolu URaA Argo] AQU7 £718t22 AOU/NOs Hl&o] &
7Ha AU (2) AAtolRo]l HAEZ WA ARE AlolFkrl FHislE=z
AOU/NQO; H]-&°] F719 334571 850 £3dA4 EFHAY 3) =& CN
H)-& (>12; Prahl et al, 1980)% 713 SAR71E FYoz A3y f71E &3
o 2F A4 Fe vE HE ALAGEYE AAdFd AOU/NO; v &9 F7}
olth, olodig A& HAS M= AF AAHHAE] {7|E FAHAAZEY

M3 3359 JFARAol e

(2) $EFIARAE] BA
BEHY Aol AaoleFrolel BAE B At
g A (FF54H E) ¢ [NOs] = 74 [PO4 - 0.3 (r=0.94)
PRI FAEZYT (FFH A) ¢ [NOs]l = 155 [PO4 - 0.3 (r=0.97)
AFAZ FRIud

(D2, D4<50m, D10<75m) : [NOs]

86 [PO4] - 0.1 (r=0.98)

(D4,D10>50m) : [NOs] = 140 [PO4] + 0.1 (r=0.96)
53 Fdd (F54 B) ¢ [NOs] = 144 [POs) - 0.1 (r=0.99)
(FF4 ]): [NOs] = 151 [PO4d - 0.8 (r=0.99)
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(#F54 L) : [NOs] = 13.1 [PO4] - 0.8 (r=0.96)

%" 7-33% e A 2APRFAA Y Fitel2 ] Qlatel e, A o} Qlatol
2Fx g Aot InkFHo R FFIE JDWA 9 NOyPOs H-&L
BT 142 24 Redfield ¥1& (16)9] 2As Uk 224 & 2@ o) 7
<12T, 31-34% < BAAZET) 54E Bole YT (#54 B9 AF:
MEZ FRIADGUF AF D2, D4, D108 44 50m ©ldtol = NOy/POs H]-&o]
9 olgt2 Aol F ek HlF JHAHOR Qitol2FEI} ) ol
FgET oM gl o] FFo] Hilele @ Ftikd vl JojFHow o
t AL Agng. ¥ NOYPOs &2 oln] 2R FapEd o8 w3 3
HBFHAGol oldtig AL otH7HA HEA H3A AALT (Imai et
al, 1994). B @7dAE 2 R @&l 47 12T, 31-34% U FAAFES
o] 548 Role AP ENAMS AOU/NO;z &)l B 93, (Redfield H]E; 86),
AOU/POs H&& 676 (Redfield ®l&; 138)o]th. waly w2 NOy/POs W&
F71EAZNE AHAQ Aol Ao o3 ARz Al

Q) &t st EE7 #A

FEAE R U 52, 2RIV ALNF (AOU), Astole, 4+
NO #AE 198 7-35~40 o =ASF T

BEAE QR WE 35A YRS $XE F-9F TR gAZ v
Kot 2 ZAMH MY 3 HJE (B4, SEFI|YYD)ES] BEE
S g3 2FHE LFAT FFFEA 4 100 m BN FE
EgE 2 oA SEF7I9EE 2 NOgel HAS HYA AL oldi59
71l W] BFINES Tl VEo] 500 m B2 HFe s
T2 §EF7I9Y9E 2 NO @2 FRAQLEFZFAA 7199t & 10 Tol3}
o] g 4L D FEFIGLATEE FES JHARAE BAY. ol
F& 10 T o3ty sle FHa4ete] lateral-mixing RohHs A559e] 43
Ede] A A dojdthes AL Ve

ul, A2 JolA e FE2AQ FZ59 YSE S ust
44
53 WFEY ASFE 2 §277|9%4A FEE Hol: RS
e A S (Yellow Sea Cold Water) @ FRZA|Q F249] &L ut= a4
2 713 5 Utk o8 U FFLF A FAAEZWS 5L P ¥
< <117TC, 31-34% © B9 =2 w3 A oy (Park, 1985), B ZAloA 333
N5E AT GEL dREo] 344 % ol ngoF o]FolA g} =3



A 200 m 9 HSFDE AAR s §ENLG LERIGELETI} 93
o2 F43] #AAde TTTUMILLS SAE A4 gSEge g &
2 ARt o3 E5d5E F2AS5A S o E
et al, 1992; Ito et al,, 1994; Chen et al, 1995). & d3 «
HE AMR-Ete] BEAM JoA dSAPE AE57 Q8 2do 2 g43dE 24
AAlsta L gt Itos-& 5 TFLL FANIY8 FL, I8 2 FAL M-
FAAT B AFde 74 A NOE Adtste ALsdn. ol NO/F &
71880l EIAHEA 22H 23449 AAH A FgozA (INO] =
86 [NOs] + O2), 8&ATAS A FEE HEE $17 Alzto] AYe] wa}
et o] Frle] e WIHA Prode FL& o)sd HIEA w
(conservative parameter)o]”| & o]t} (Broecker, 1974).

#EA JY dF5FAeAM NO:= 334 J39 100 m oA 232 uM 2 718 =
o ol HSAMA AA J79 F£4 190 m, AF J8& 310 m A NO g3
2% AFFe] TR S2FNGLEE dSAEA AF J79 Ho (E§o)
dojute AEFAFAY H (EF0] dojute A4S FAMY oA &
e A5t dEEEE gt A 3 AZo) FFH, AF J7¢) Host Hel 4=
Ao e e £AFoR TR A Y A4S ZuyAd 7=

2 4 g8 HE £& (T3 4E (S) € NO e 24 do: 7143
o of WAL o8t AP J7A o] YoFS Y= 5T FAMY
£ AgzFL 53 Adsidd.

= 1 ’H
Mean T = (H—H,) 0T(z)dz
N S ’H
Mean S = (H-H,) 0S(z)dz

1 H
Mean NO = (H-H,) Lo NO, dz

714 z £ EF02HE ASE FF F40T T(z), S(z) 2 NO@RE F4
z M2 2, 8 E NO golth. A J7914 Ho 7} 20 m 9] A S 2 Host
H FAAtoldl Ml Bd £, 48 2 NO #EL 9 AL o435l A
A, B3 J39] 100 m M9 &, I8, NO e HdAA 2L o4
3l A48 Hosk HZ-2 109, 190 m ojt} (2@ 7-41). )AL J39 100 m &4
o] & ASAPA BF J79 109 - 190 m & FANS AN £3F e &
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3 s dFg EAo] Foe AL Auidt F UiSAMEAL ZF 7Y
109 - 190 m 9] FAFYdNE SEF/FLFL7 dE5YE ZF b AFo=
FFEgdE AL gudn.

Qe E¥Y (109-290m)ol XS] Hi Ailol, Ql4to]le 9 Fils:
0.79x10° mol/m®, 25x107° mol/m®, 5.6x10° mol/m® o)t} AlAe] W&
nrlgokisryl AT 7FA3T, Fei (1990)9] <siA] ANE £44%
(W=10"cm/s)S Q83 EF oA &30 o3 FFHE WU £EF7]
GdAir S FAF B Aol Qlilel # F4RE ZHzZE 079, 0.09, 1.77
mol/m¥yr olth. &7le] BFFa USEHAY ABSFAE o AP
100 - 300 gC/m%yr (Su, 1990)3 §-%o) ol3) FFH EELI)YR27} ALH
gt £AEFo 2 F24 FTFEGL JHRASE, dAAaES Y . FH=
ALA GELZF F 22 - 66 % 7} S5l o3 FIPEUE AL D 4 Uk @

A

3 FEIAAAS GFATt FHY WD AF59 §20 AP $ET7)
JYL FFEL FETH  USIGAINY HEEFAE A% AAYNAL
FANTIEE 4FF FaPS S & Ak
A6d A2 8

19949 8A BT oHolN] AYBALe) REEHL et gt

() BFAAY §E84E R $ETIYFLFRE £ L GO e ¥F
Mgaiel 2 galeloA £ Wl 1endd FRALSANA Bk JurA
Q fEAL B FERIYVLEEE S L APEE SHREFHS use
o HA B ZAbGeINY §ENL R $ET/NGILEE LEE BASHo

3 ZAFA.

(2) EEF7G¥ATEY FARIE FATHIUAAE HEFA TR
3 ZYHA o, 2432 FAZ 43 T8I AFAA ALy
FFHE HoFa Utk $E2EUNL R SFEFIGELA ¥ £
SSUNALTFT FHE SEFVYELE VI dSAE AF5H o
Z Q5890 s §5HL S-S RAFU

(3) BRI|ALLUF O APo|2EE &L MG SR
I dSAHEgAE B

(4) FAFYFe] 542 Hole FANAM ¥ NOyPOs ¥ &2 #7183
258 Aio|2Ete Qlite]2o] FiiHo =z wol AyE Aot

(6) #FAE A0 BE JFAHAEE] EXE FL2-9F =B giAR ¥ix
dta] B A oA 9] B5HE QR (§EUL, §EFIIYIL)EY £¥XE B
254 3 2HFPL BAF A

=)
it
2
X

I
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6) 5= BH J3 AFTe TR SESFIIYAE HFEAME ZH J79
100 - 190m B A Sle Aer25H Fg3doh

(7) TFF3NA &Fo o3 diS%E
Qlato] 0] 48x10° mol/m’/day, A4tel€ 65x10° mol/m*/day, A+
mol/m%/day A FEZ3 EE A AZZFIE g Az AL
FA871998 a7EHe AAAGEAFT 9% 19 - 58 % olth. watA FgAvt F
25 I SATE AE4e S50 o3 £E2F0 9L TFS T dS5EY
A AEZFIEN 93 JAYAE-E [FAAF)=H AF3] T30

(8) S&44A 9 SERINGUYAL ¥ g d3= TFF3NY gk U
736X FHREA Hd giEEaed s ST gt dA S AT
stedl of$ f83HA H8E 7 AE AASIY

A
lo
l
ol
ol
i)
rr
o
ril
a0
N,
of
lo o2
P
Il?‘.'.
of
flo
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o 4, 45, 97 48 g
NO.Z—/\_
1001 R 0.3 — ,
E /_\
g o.zx
Q
[}
o 200—/\,\,\,\_\_’_ e~ ]
500+
o
NOz(uM) .[O
1000+ \
o 43 45, y7 48 4§49
:ﬁ_\1
100+ N\
G
£ 2001
Q A
[
(&}
500+
NO3(UM)
1000+

Fig. 7-25. The vertical distribution of nitrite, nitrate, phosphate and silicate
concentration (#M) along section J, August-September, 1994.

_253_



100+
I
&
S 200+
a
@
(@]

500+

1000+

oM 98, 95 u7 4B g

~ 100+ \S
E

K =

2

)

(& ]

200

500

Si(OH)4 CuM)

1000

Fig. 7-25. Continued.



L3 L6 L8 110 111 L2

0 1 i 1 1 1
100
E
a
[}
o)
500-
DO(um)
1000+
L3 L6 L8 L10 L1 L12
0______ 1 1 1 1 1 1 1 1 ]
—_—
———_ . 100
1004 80
”~~
E
o 80 _
o)
5001 ’_\6.0
—ﬂ \
DO(%) Yo
1000
o B 8, 8, Lo L
~— 0
. 100- 50
£ \
£
e
[7]
O 200 .. .
/ﬁ
500 %o ~
| F\\’
AOU (uM) ?oo\
1000

Fig. 7-26. The vertical distribution of dissolved oxygen (z M), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization (#M) along section L, August-September, 1994.
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Fig. 7-28. Plot of dissolved oxygen contents (#M) on the T-S diagram,
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Fig. 7-29. Plot of Apparent oxygen utilization (zM) on the T-S diagram,
August-September, 1994.
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Fig. 7-30. Plot of the nitrate concentration (#M) on the T-S diagram,
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Fig. 7-31. Plot of the phosphate concentration (#M) on the T-S diagram,
August-September, 1994,
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Fig. 7-32. Plot of the silicate concentration (#M) on the T-S diagram,
August—September, 1994.



(1994. 8)

Nitrate (uM)

15
Phosphate (UM}

Fig. 7-33. The relation between nitrate and phosphate concentrations,
August-September, 1994.

(1994. 8)
110

1004
90+

70+

Silicate (uM)

1.5 2 25 3
Phosphate (uM)

Fig. 7-34. The relation between silicate and phosphate concentrations,
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Fig. 7-35. Property-salinity diagrams f or section A, August-September, 1994.
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Fig. 7-36. Property-salinity diagrams for section D, August-September, 1994.
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Fig. 7-37. Property-salinity diagrams for section E, August-September, 1994.
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Fig. 7-38. Property-salinity diagrams for section B, August-September, 1994.
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Fig. 7-39. Property-salinity diagrams for section ], August-September, 1994.
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Fig. 7-40. Property-salinity diagrams for section L, Auguét—September, 1994.
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FRALH g% FF I NG AT iehdF 3 FRHA, A
Fxag, da 2 FAH=2 F¢ L FFS FTRAEQA AESFIAES] QY
el & 4#e T 8ot BN FF T AEZSFIAE BEXEAE o
e AL, 8 v Fas g dF JEA dS AHAS o] 9
¢ T8 AFEokeltt. 28Y HIZAA] FF I AEEFAE FAY AT
T F3% 4B g3 FrHo 2 FPEH of Ao T HEF AT A9
o] R0 AR ot FF T E dirldFAd YeEhde AHBR 9 olsr} £E3}
o divbdFe A-FAA @A o3 28 v Fasge] E2RAuAd v
T 9L od3ly] ozl AHleltd B A3 TFIY Al-THAHQA S
g7 Wso w2t Jdehds AEiA Wi} old WE £33 vt i o9 A
A W\3s dolruxt AEEFAES F A, EFT T A
AABAIE S Y3 FAPs e AL AFAEEH JxaAg2H B ol B
F=3olu} 4 #E] Tl QoAM= v F23 AR} Hok dxAAAE
A3 89l AN FFo)xgt (Platt et al., 1995), Aot Fake)
F2A Wold M E AFHQ A A% FAIRE 3] AjE AMEH
o] 7b&sy waElA olE UAA adle] Uit BEAA o] AxPAE FAHA Y
2 AE HYslsl= Adeluth  olAl ol 8121 (AAF, PAR, 2FAF) ol
3 AFAA 27 BFo] e AIFIHH HAPE 1 km, 1 L2 HA
AT £ UAD 4 MEHo] 7HesiA & Rolth. dFHA el B &
£ olad QUEL XA dolgu|o]lxa o3 FA3Y Q215 HAES W
o gitt. A H3Z Holg oAl P-1 EA G249 £33 E¥J} o7t
A "o oldd HEL JGOFSs e A Tz Ad=n o
o] AL ol WHEY FHLL A3t

Y 27479 XA o5 YolFFH A3 A 60d T D
T Q750 FREHAA gt B ATFEY FFAA FEE 8479 944
Aol g ol R-& F 2 A7) (Marshall, 1924; Poulet, 1983), A¥ A3 @3
FZA 8779 49 ¥AE (Frost, 1972; Dagg and Walser, 1987)3} ol&j gt
FAEY dd W3l (Gauld, 1953)8 A3t 82179 X Ao] g Ue 4
EEFIEY ¢E = Ax 2FE F A= 7ME A= Reolth (Cushing,
1963; Adams and Steele, 1966; Frost, 1987). H %22 AHgalS 9 BAlL 3
% AeAcA dojus QA 2 oy dEAARZY AGg&e FHFTHL A

B4 22tRE AREFAELS AFse dUXE 2T 15 AL o5 of

Omzl‘

no>
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F9 xAo)e Yol AFHE IYFUTA L AL DAE A3 =
AL 3tu, AepA Yol B2 quURAADd T8¢ 982 o /A
BEZHIEL A7 23U o EFH 22 EFHQ @4l siA 4T
2 won (Poulet and Williams, 1991), ol oA 3 FLTARJ] AEETZ
Ex A9 SaAd xAtojgte] Fozga 2 AEAH QR gfME 3
&g urt
N53o] 2 gy FF5Ide AEALY QAU Bu=z A An
AA 2th e s F2AQU B Mok op} ©o] {fdo] AX o
A sgdMo] FEHT A WA A-FRHoz FEEFIAEY E¥I}
0%d Aoln] gt 9 B¥o g ZPIE] A L 97179 ¥4
5% gdsA veus 23 ol Z8-S FF Y &4 AGAEL] ALt
o] JFL v Aotk o] AFNME T3t dF JFe B T I3l
X BEEPIES BX¥9 Q779 ¥A S-S A%, TASZRE AEEF
A U3 8 4F FRHY AuE S U FEE AFFo2A 3y LA
Welx 24 2 oA 52 Hosle Fr|FHo s AHARD S 53 2olnt
WolXel duAle Ags AUAPEF] EslE dE3e b o4 & UEE
[ =

W

A 2A HNEZHIES F A D HEF
7h Alg 2 by

1) ZA9g # A7)

COPEX-E 94

AEEFIE A FF2 TFF FFAGY A agd FH A
o] FHAE FHAE 2AHE & AT FAHNAT (2" 8-1). 19949 8~9¢
o 3" B Ae 33 AN dEF A dsAEY T4
Ag 7t2AzZE FFA Jol 570 BHCA AEEFIE A5 HF o] o] FoA
o B diopdFeol BAHEQN QB AF AFA iS58 do2 oA F
A 254 B 671 AP AF= MFAdgel 35 #3534 D9 44 BF,
Fga g 57 NHA AA dAFH=E BFH Fo 3 A, #F
A Fol 5Zd) 91A3l= #FH EQ 571 AAolA o] o] R Hh

Fa ot FF T BA A3 FEFA W58, debdis 2 A
oA }E H5e I¥ T UIST NGl T G FNrg HEET
AE BXS #ATZE AR A3 & AL o) A" AEE E£A Hw
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3Tt

19934 29 S8} 3% sl zAb

19934 29 4~139 71ZFE<t Falsh BFTaAS) AH FA AYHE
Ay dddd AHE ARF BEH D A9 TARHEL U0 2aaR
THad 8-2). B ZAE #F AFATL 73 sol 59 22 5% 428
£40] ZAERT

199441 6~79 FaAE 2 AFE AP o 24}

199441 64LHE 79 Ao Falo} FE A Aeld AAC AP §
Ay sdol ) BEH D, B34 E 4o 2ARASE A2 2AE 59
FATHIY 8-3). B 24 &% AFdTL T2 ol A4 2 et 4
84 =40 AT WEF £232 19949 68 A AFE 9 GotodE
Apols) 20 Bl APY ARE B

2) NZEFAE B4, AF A7

EEFAE AHEHL ANANE 40 m o) =718 742 Kitahara Fo)

o) TF2E AA/E olgdd £H02 A, AWP F FEFE 4 %7 IE
2 A

(Zeiss Axipot) SlolA &R TFE #A2FE JAA dF dFAe] #=x
5 Bxot vlwdlr] 93l Thalassiosirad < Herzig & Fryxell (1986)2] thA ¥
ZA}, Hallegraeff (1984)9] &5 FA 8" A}, Simonsen (1974)9] Q=¥ XA}
23 T2 F3Ydh. NitzschiadS Kaczmarskas (1986)9] tiAMgF ZAL
Simonsen (1974)9] A=Y ZAL T& F1udHUY. Thalassiothrixd-2 Hasle
(1960), Hallegraeff(1986), Hasle & Semina(1987)¢] £ E {9} E¥XdFE Fu
sl

NEZHIES] PEFL Zlo] HZ A3 AIEE Lugol§de=z 1 % HA
1A F AFgAE &AY FAANA ATAL AAFT T Sedgwick-Rafter
chamberg ©]-§3l &v|7 dloA A5 Ao

3. Az

=

() F3H HEEFIE T2 2 =F

(@) HEEZEE 24

COPEX-E 93
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19939 129 ZAMA BF 3o A #54 B o] HAEEFAE A
BAM Az & 2712F 77 2E3AT A 29T 2123 R AEERIES
253%2 FAHAL 195 FE vsAHAD (FF 4. $4d HEEFIAET
FZFE 634 19002 7MY ¥ F242 Yt SHERE 1745 70
2o FRF ULLR OUF T2AL BYon, dxiHE 24 3% 23
dAT FAREFE 24 2% JYegon Y v e HAEFFRE 1
st

o

e e
BN
>
B
L
Auj
T
>
]
i
o
1y
it
ofN
N
021-'
i
o2
re
o
N
£
o

=

[ Lol

2 o)z Rolx ¥ UL EW 161F9 FEF7
Hoz A A ozl HILA FAE FEYL B
).

o= E}'

FE FFA JAAM 1715 F, 54 BA BIFFZ 35
b 209

o]

Ju ool Ay e
o o i el

COPEX-E 1994
54 B JY AESTIE 24 2n

ZFt B4 86FoR M GIH 3
Fo] 2P FRFE 24 3T I3}
gyt ol 129 RAMRG FRFE
ARFE 12F0] 4% Aol

1993 12935} 1994 8Y 9] RALAN} FF I A7E AEE
dZFo] & zlols YEHL AUtk (F 4). #F54 ]9k #34 B

Qe gupdRel ¥71 2 B4Rl ANHEE AJE H2EFAEY T2
4 Wste d4aEd Bdse], 2 Yt Fu £9d YBEFAE PE
9% Hde

AFL njAS Ye 8oz AE3I FF5TI L FRAL A
ANBZFAE dFE Aikawa (1936) ZHE AlF=HEJon 1980 o]F =
Huang (1986, 1988), Guo (1991), Xu et al. (1990) S°] T35 =39 AEZFH
3E AFd "3 71xARE IR} Huang (1988)3 Xu et al. (1990)
e 223 AU BXE 53 AEEFAES] AP (ecotype) AT
E goy gt FHgdH FEAL I AWM YEGE B3
3 AEEFIEF] FAS QA7 wWEd, e ARE 28 v F
o] AGdr= ¥ EAH A AEZTFIAEY A7 FX2A9
£ Aged 829 wWalet AHEA FAH Uguie= AT F
3t Fopolu K2 d oA FrAHQ AL HQIdlEE AMSUMEd ARE
253 ARl
mala B ZFAL EQ T AEERIE XS
Ae AI71E 28359 A3, A AA 593 9%

oX

<
=

Xy

5]17] £
o]

3l
5

] s

Yo
e
Rl SR

b
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e AeF e old Fol AEEFIAE TERA A7d e HAxAolm=R
z genus)9] A7 2dF Wset EXATFE A

AEZFIE E8F5 A7 ¥zl 2 B ¥
B #9892 AI71E 2 Fole oy T FEFE T 191Fo
< Holud ZE} wERF T /M O F2APL R
¢l £(Genus)L Chaetoceros 402 29%o| eyt Nitzschiad o
Thalassiosira%-& ZY2} 22% 92 18%°] Y U F2A4E Holxn A4,
Rhizosolenia%2 13%, Coscinodiscus®S 12F0] Yegyd vxnd i3 &
d Z2FERJAT (3= 4). a8 B ZAS 53 JEd 23F2 A7E=
¢ o8& S-S Holu gl

Chaetoceros%:: AMA A FaAA vf-¢ B2 Fo|l Yeidn] dF Fxto]
So) E¥de AoZ AU (Round et al., 1990). Chaetoceros& &
o S ol 4 FEL WG A w UFAEL dodi= A
2 EAE 23 ed FAWH 2 @ dufgkd ZA e F
AEZFFEot) 129 TF =3 ZAMAAME Chaetocerosse 238% 4 %o}
Uzl AEZFIEFT 52 HEFE VgAY (=, 1999). F54 ]9
BalA ¥ £¥X5 veld o2& C dffinis, C. atlanticus v. neapolitana,
C. brevis, C. lorenzianus, C. messanensis, C. peruvianusZx A A A
BEX3e Ao JEgt. dFA FO032E Xu et al. (1990)3 Guo (1991)7}
F2ZAL #HHoM P Z2 AU FRFE T C atlanticus v.
neapolitana, C. messanensis 7} A AAA Zd3Y v, Moreno-Ruiz
(1993)59 93 d4d HEHEALAS Uede T2 B C dversus &
ZAA He BEXEAS YUY PR &5 A0 249 SIS
(BFAT4, 19949 FA8 £9Q AR ]2, J3, J4 oA 247 12, 15, 14FH L
2 714 I £ 292 B AFPo 2 Yeygn

84 RAMAlE  Chaetoceros% 9 11Fo] 8341, Chaeto. diversus,
Chaeto. messanensis, C. atlanticus v. neapolitana 59 44 J4F9 &
AL Yl E o] 2FPoY 12¢€9 vl3] Zgad 59 ¥ 28 U
g B2aH.

Nitzschia%:: 129 #34 B 2 JoA Jeld 23%9 Nitzschia%9l
Z5%% N. aquatorialis, N. bicapitata, N. bifurcata, N. marina, N.
longissima, N. ossiformis, N. panduriformis v. minor, N. pungens 8%°] &
ANl Yo BXE YUetdth N qquatorialiss RAF Bl, J1, J29 2L d5%
ol YIXT AAHAEANME A ¥3 Aew, N. ossiformiss AF Bl,
N. maringe A3 J13 A3 Bl oA £d3A FAoh. ol ol T A4

oN

£ ofy

)
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7ol A EALS YUy dAdddMe 22X/t ATES VYeEEG.

Nitzschia &3 22 $A7RFv dytyoz A AR F=2 &
¥3e Aoy dRF e ggY HEZFIAEY FTLT FAT) HIE ¢
t} (Hasle , 1960, 1965; Simonsen 1974, Kaczmarska et al. 1986).
Kaczmarska et al(1986)2 tHA1¥e 7123 warm core ring RAPoA]
Nitzschia%: 25%¢) £28& Ru3dlon olEL FHAA AA F27F MAF
9] 22~49% 5 AR F8& FA Fo=2 eyt A Ee Gulf streame
warm core ring (WCR)ol| ¥ X3l Nitzschia® 9 25%% 17F0°] &5 =3l
AE 283l T Adr e Nitzschia®d EEXE FAS 53¢ R

Nitzschia bicapitatas AMA e EX3)0 1 £X HY= 59 60°
~ 39 62° Alole] YW EYXWYE Rt} (Simonsen 1974; Hasle 1976;
Desikachary 1986~1988). 3 Kaczmarska et al.(1986)2] X% WCR
ZAMA] Nitzschia £% =2 FEFE Y $83F 74H4FToE Ygson
B ZAA71Q 1293 8¥oE #54 J 2 #EH B A AHAA A
t}.  Nitzschia pseudonanac B9 69° ~d9 72° 9 H2 ¥ H9YE Y
o] N. bicapitata®t &2 ¥ £%(cosmopolitan species)2 2 FTEHY (Hasle,
1976). N. bicapitata % N. pseudonana$t %ol Y EXHIE Yl F
© 32 N delicatissima, N. longissima, N. pungenss°l %8 A UEY
I AT (X 8-1). N. maringe= AAA e GFdoA ¢ & 28
et Folth. Kolbe (1950)E HB Y AT HAHEY ZFAE ATA
N. marina= "¢ 5§ 2¥E Bo0, Chin et al(1980)) & =3 1A
HZ2EQ FZ2F BX A9 23d N marina7t F2AQ dH49 43
A W= Okinawa 5% FdA yYevtn o £3F Koizumi (1989)<
FF2 F22 diFdsy 52 dBRALY core sample & AHE-F 113
7 AFAA N marinas G5 AZFORE ALE3AT. ol P
Nitzschiad; 2] ¥ Z3}S Fusd, 89 FAAY £2dF: 74 e AFFH
g7zl 719 2d Yo Z olE £ £ Yt FE A ¥
A7 2 dFsojol & RO E AlFgHYG.

Thalassiosira%;: @A %o+ Thalassiosira%el 43 1009959
7 Jevds 2o g2 ZANEY Uu (Gaul et al. 1993). olE F2& AAA
o] BX3n AR FEL T FTOoEA FAEA WA vl T8
g YRS AR Fog vehdn B FA AAFT FEIE #E54 B
JolA 18Fo] BHAHAY. 129 ZRAMA Thalassiosira anguste-lineata, T.
diporocyclus, T. eccentrica, T. punctifera, T. punctigera’t A RAHANA £&
3ty YW BEXYYE Role FToE uUnypd. WA T intrannula, T
sackettii f planas "% FL BEIXIYEIIES R  FARA G5 Y
Thalassiosira 4] W3 £¥ AF72F WAY Gulf streame WCR (Herzig

[o rr

fr

-—

flo 2 rlo o2 2

% 2 N
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& Fryxell, 1986) ZAtst &5 W3S (Hallegraeff,1984)2] ZAI7F UATh
38 Kolbe (1954, 1955, 1957)= BB, A%, A=Y A g EHAHE
Ao F2F BX g AFE 3. Huang (1986, 1988)2 digh 43
A ZAME 3 Thalassiosira%:9] 2% 1059 £XE 2udgen, Xu et
al.(1986) d? ER{AFd fq FRFArto] ger FA (1986 5~6
Y)el  Thalassiosira% 3%9 £ Byt £33 FF 2 HAHE A
o ME 3%9) Thalassiosira?t 28 34Tt (Chin et al. 1980). ©]8}t o] %
T3 9 FHFHAM= Thalassiosira® e Ed8Fo A Q371 £5§ Hol
v}, Takano (1976, 1978, 1980a, 1980b, 1981)+ F=2AlL 9] Fgg@AQYJ &
F QoA X3 Thalassiosirad: o] 270 tit &7 4TS 3
EEFEe £2d FEI F FHAE £ HUAME ded MAES
U3 o) & FAIG drFe] REXEAS Roludd (R 8-2). |, d5%d
T. diporocyclus, T. leptopus T. lineata 7T. punctifera, T. sackettii f. plana,
Planktoniella sol 5°] 335322 £X3la vk T intrannula$t T. sackettii
fplang= "¢ =8 202 FFIde T, BME GrdoAMy 35
Hoz ZdE3y olE Azt FAHY FAYE BAFE v¢ F8F T2
2 AZ"Eg, oy 8¥d YElG Thalassiosirat 9] EHEFL2 4502 ¢
A ZIF 5 BHYY (X 8-2). ol FTFFId = AUYA
Thalassiosira FE2 & Eo] AI7|H=E t2de AL Role Aot
Rhizosolenia%:: #34 o} #3534 BolA % 13% 9 Rhizosolenias; ©)
A3, Rhizosoleniad< B33 F5% X AAA diddA HA
¥ Yo+ (Priddle et al. 1990; Round et al. 1990).  Rhizosolenia%: &
Zo] AL 1A FEFQ Richelia intracelluralis®t FABAE Holx
A G 3 ol A etht= A kA Q) o),
Rhizosolenia-Richelia® 3R #A< HdA%e Agtaligalr A&7 7124
A2 JYegds  (Marshall, 1981), 7lglBdaME  vh$ YA BEIo
(Marshall, 1973). =3+ £% sl H X MXE Rhizosolenia-Richelia 34 TA 7}
zZA E Qo (Marumo and Asaoka, 1974), Wjwi 2 34 A4S Ygulrle
o} (Venrick, 1974). o]} 2L Jz2Heolel TAL ALA FEdol AR
A 9902 IA ALd= ddu oldd A FxF FA1AR S
23 AR £22 W= Ay EAOE  Rhizosolenia®y Hemiaulus%9l w1
FoA vervz ok (Villareal, 1991). 1992 9~10€¥ 9 gajolA Fld
Rhizosolenia ¢+ Richelia®l A B7Al= R. clevei®}t R. cylindrus®l 2FolA &
Z2EAen BX¥XE 33 FRdde A vEtg (=, 1995). 5=
ZAYAl = R. coylindrus$t R.clevei, R.castracanei 3%°] Richelia®} A&7
£ fA3Y ey olE £ FFTe FRFRY oty F2A L 7]
Pl dusidae] AR 950 Y¢S e AR AlsdH

o 1o AT M

fr e
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Table 8-1. Summary of diatom species and their occurrence in the Gulf stream
and the East China Sea.

¥.C.R. East China Sea

SPECIES Dec.1993 Aug. 1994

Nitzschia aquatorialis Heiden %
Nitzschia bicapitata Cleve

Nitzschia bifurcata Kacz.& Licea
Nitzschia braarudii Hasle

Nitzschia capitata Heid. & Kolbe
Nitzschia capitellata Hust.

Nitzschia closterium (Ehr. )Ralfs
Nitzschia cuspidata Hasle

Nitzschia delicatissima Cleve
Nitzschia dietrichii Simonsen
Nitzschia inflatula Hasle

Nitzschia inflatula v. capitata Smith
Nitzschia interruptestriata (Heid.) Simonsen
Nitzschia lineola Cleve

Nitzschia lodicula Kacz.

N. longicollum f. delicatula Hasle
Nitzschia longissima (Breb. ) Ralfs

N. majusculum v. lineata Ricard
Nitzschia marina Grunow

Nitzschia ossiformis (Taylor) Simonsen
N. panduriformis v. minor Grunow

N. pseudonana Hasle

Nitzschia pungens Grunow

N. pungiformis Hasle

N. sicula (Perag.) Hust.

Nitzschia subfraudulenta Hasle

N. subpacifica Hasle

% 3% R

L
3%

3 3% 3% % 3% % % %

% 3 3% 3% 3%
L 3
3% 3% % 3%

3%

% % 3% %
*

% % 3%
*
%

3%

WCR : Warm Core Ring in Gulf Stream

%A A FF: Koizumi (1986)= HA slHEe] HAEY LE3e
279 ZEQATAA Subtropic, Subarctic, Arctic, Arcto-boreal neritic
diatom groupo 2 AP FEF vl AT FF5 I3 QA= Koizumi(1986)°l
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23 Subtropic diatom groupo. 2 Ael¥o] TR A FT Azpeitia africana,

Table 8-2. Summary of diatom species identified and their occurrence in the
East China Sea. (These are compared with distribution patterns
in other parts of the World Ocean).

Australia North Atlantic East China Sea

Species TW. SW' SW? GS WR Dc. Ag
Thalassiosira allenii * %
Thalassiaosira bipartita * ®
Thalassicsira caifera %
Thalassiosira cuviseriata *
Thalassiosira delicatula % ®
Thalassiosira diporocyclus * S * * ® %
Thalassiosira ecoentrica * * X % ® * %
Thalassiasira elsayedii * * %
Thalassicsira ferelineata *
Thalassiosira fragilis *
Thalassiosira intrammula * * * *
Thalassiosira leptoous * % % % % %
Thalassiosira lineata % % * 3 * % %
Thalassiosira lineoides * * *
Thalassiosira mala * *
Thalassiosira minuscula * *
Thalassiasira narol ineata x
Thalassicsira oceanica % % % ®
Thalassiosira cestrypii * * * % ®
Thalassiosira partheneia 3 * % %
Thalassiosira profurda *
Thalassicsira puctifera * * * X X ®
Thalassicsira purctigera * *
Thalassiasira rotula E3 *
Thalassiosira sacdkettii * £ * %
Thalassiosira simnsenii *
Thalassicsira spinosa *
Thalassiasira stel laris *
Thalassiosira subtilis % % * X *
Thalassiasira sympetrica * % * *
Thalassicsira tubifera * % x *
Planktaniel la sol % * * *

T.V. ‘Tropical vaters, SW.:Sbtrqim]\Btas SVf.lslq‘e“ata's GS:Gulf strean  WR : Vam axe ring
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Azpeitia  nodulifer, Hemidiscus  cuneiformis, Nitzschia  marina,
Planktoniella  sol, Pseudoeunotia  doliolus, Roperia tesselata.
Thalassiosira leptopus, Thalassiosira lineatas°]l Zd3JY (B 8 3).

olE £ AU oldU) S REsE £o2 2406 93 s
o subarctic | F7HA] olFde A2 UEHT ol L FERF YHE
A% RETATE B ORA ATFA AYYLE NOIE FRRF $3 U
Fasde  deldRASY THE4S ushle ddeN F2 2¥se
33%F 9 TFFHANA AIZIE 2 F% *L ¥ 8-4¢} £ 12¢ ZAMA o= #
24 Jol 33%, #34 Bol 30%c] Ught #5438 2839 Wt How
therst =2AL ey 8~99 ZAlNME 14T 02 ZFZo| 7L
dgom BHEA JA 11F, 224 BAA 850 Jeit.

¢

o E 8

¢

Table 8-3. Summary of subtropic diatom species and their occurrence in
the northwest Pacific and the East China Sea.

Type Species Northwest Pacific East China Sea
Dec. Aug.

Subtropic diatom group

W Coscinodiscus africanus % %
(=Azpeitia africana)
W Coscinodiscus nodul i fer * % %

(=Azpeitia nodulifer)

W Hemidiscus cuneiformis % * *
W Nitzschia marina ® X *
W Planktoniella sol * %
W Pseudoeunotia doliolus % ®
W Rhizosolenia bergonii * * %
W Roperia tesselata * %
W Thalassiosira leptopus * X
W Thalassiosira lineata * * *

W= Warm Water Species



Table 8-4. The distribution of warm-water oceanic species in the East China
Sea.

Dec. 1993 Aug.-Sep. 1994

Species \ Transect J-Line B-Line J-Line B-Line

Asterolampra marylandica
Azpeitia africana
Azpeitia nodulifer
Bacteriastrum comosum
Chaeto. atlanticus v. neapolitana
Chaetoceros diversus
Chaetoceros messanensis
Chaetoceros peruvianus
Climacodium frauenfeldii
Coscinodiscus reniformis
Eucampia cornuta
Gossleriella tropica
Haslea gigantea

Haslea gretharum

Haslea hyalinissima
Hemidiscus cuneiformis
Nitzschia aquatorialis
Nitzschia marina
Nitzschia ossiformis
Pachynei s gerlachii
Plaktoniella sol
Pseudoeunotia doliolus
Roperia tesselata
Stigmaphora rostrata
Thalassiosira intrannula
Thalassiosira leptopus
Thalassiosira lineata
Thalassiosira punctifera
T. sacketti f. plana
Thalassiothrix acuata
Thalassiothrix gibberula
Thalassiothrix heteromorpha
T. heteromorpha v. mediteranea

% % 3% e 3% %
3*
3%

% 3% %
L3

3} % 3% 3% 3% 3% 3% ¥ X% ¥ 3¢
*

3* O3 3% 36 3% 3% 3% I 3% 36 3 3% 38 I 3% 3 3 SE ¢ 3% IF 3% % 3F I} % 9 ¢ ¢ 3¢ 3% 3% 3%
% 3% 3%
3%
3%

% 3% 3% 3% 3% 3¢
3%

w
wW
w
[e]

Species number 11 9




(b) AEEZFIE HEF

BEA ]

1994 8~9¢Y AN FF I3 FEadd AT BESA ]9 AEEFI
Eo d=F2 AH 59 50m FolA 12500 cells/IZ2 HAgS Jer@on,
AR J79 150mZA 1500 cells/l 2 A2 YeEdY (28 8-4). 39 4

EEZFAE JA&gr AFPAZ B X Aol b2/ JeEvy . dES &
Ao HAF AFY ]33 J59 LxE: AFERA 4,600~12,500 cells/l & 70
ﬂHv}4ﬂ4ﬁ“Ga%*OHMﬂﬁﬂikmm1%qﬂéwmm~4mowmﬂ
2 g2 2L Byt v U553 ﬂlz‘ﬂloﬂ AT AH J7, 18, 199
100m ZdA d&%F g4V} 46}1«}74 &kl F7E BE¥Xs 392 o)
7} \—}EM X239 30m Z9AE 2389 %mie—‘:«ol A3 g ZE%
100m FZAMEs T27F7F "JT—H&]"E EL MAISFE Boln ot Fei (1991)
&8 599 20~50m A necmm%ié S5 QoA F2ZAL

54 £539 F2%F9] FAd 7Y g By s}%lt}. B ZAMIAME
A Jo JEld HAEZHIEY NASFEEE ol FA FEE JE
o (2™ 8-4).
3

Rd e ol rfr
JIN' olN‘

offt 32~

*-’r‘—° fredel <3k At
o FRAL Foe) TR
# A% (Miao and Yu.
ZAIL oo EFS9) F
AH 18 #497A WA 4
Elua th E3F gE5H # ddd 4% Fo=2 HE9 AdUdYE &
AL A2AA ABEFIAE AEF F71S Ay 2 FRAE 9FE 1
A 802 FAg3n 131??_ 73 ¥ste 7113t 8~949 9 *‘%%%ﬂ
FEFo] 129 RAIAY #ZFA J9 T AH %4 30m, 50m =9 T
£33 15,960 cells/l E]_E]' 32 FS Rojmglrh E3F 129 FAIRA J4 (£
372m & WlSAMH] 9 X]) oA JeEbG npe} ol ﬁ”‘?‘rﬂ =2 ARES
Ad FATESY Zol7t AT (2¥ 8-4). °]1_ %——55#3“4]/%4 24874
AZRAs7E 25 AgAd & 9FE vX32 A Yerdo, £33 55
39 AFANA JEIE 100m 59 =2 F2FY dEFL F2ZAL #Hdq)
Al Holx SCM (subsurface chlorophyll maxima)?l &4 (Furuya and
Marumo, 1983)e 8% T4 8o 2 AlsdHTh

AURNCRN o

0

s
s

A B
4 B
2
NN

NEZGIE F=2FL2 AA B2 30m Z9A 44,900 cells/l 2

worw A B3, B7, B102 100 ZdlAl= 5000 cells/l ©]dt=
Bt (248 8-5). #FH B AEEHIAE ZA AFPEAA
79 3F AFHANA BYH 100m 29 JE&F Fvle ‘43‘4‘7‘1
Aol B gigS S X3 2o d&S A ve

B\

i)

il

¥O i gl
Sexr
tlo

R e flo £

82 rfr wE B



A B1~B3 Atele] 23 30m FdA AHHo=R ¥ EFS Holn, T

=9k olefQl 50m oA s B AEF S YelY APz f4
H g5 FEEHS 4% £ 999 ¥ 59 T2 AU AES ¥sAY
olo] W& AE ZIFIAE ¥ 72 L &Y ¥sls 2¥ £ Ao a8y
Tians et al. (1993) ¢ &Al ¥&A% st+9 Fd4Y9 2 Chl-a FHEXAAM Y
E}‘—‘r ule} o] AYH T B FELS 27 psuidt ¥ 7|EHdA *Eﬂ

€ Holx gl welA = HEY JdU9E FYdH HEZo2RHY 74
7§E, ofZ o] Zlo] To] EF ZRAIA] 1ol & g Eojr}

A3 Bl, B2, B3¢lA 9 @ F49 oF PFAHL 5y =3 A FF
ol o] AdE ol 7Hed Al oA A& =3 EL%PJ q&
Z77F ded & e Ed54E vl o

(o] n]lo

o |

(2) Fa3f A 4

113

FAE T2 R EEF

(a) AEEFIEY A-FNFH EX
19933 29
19939 29 A= A s HelA FAG YFHo=E o)X= #FAH DY W
AR 2 AT FR Fd94 Y9X3 FH El, TFE A¢tde Y F3 T 1
A (O 8-2) F 134FTF AEETFIAE] s 33 HEET
AEZF 118Fe TAHUL 1632 vjTAHHUT

AeEPaEy $RPY 24L FEFV USERE HF GFE 5 58 o
Slod I 15, TAURS 28, WERF 16802 oA (-
1995). RHW FUEFE 56~84F02, 2T BF AL Zo) AT AW

A Boe FY 'rc—"%°ﬂ A AFGAA GEFH 28T 55 Yl (& 8-5).
AZFAE] EFTE 28 ¥ 7277 AYE=E 53~72%F0] Yed MR
kg 2A4LS Boed JHEEFE 3~9Fo= FHe F Ut vyt #2F
% Choi (1990)l 93 A8 AMAZ L AF/RA #27F 2= 2344 7=
F7F 65F0] &d3le AA 2EF 58%Y =2 v &S AR = Ao=R Ug
st

299 33 I oM 129 ¥ FAF & AH EA AFHF
o8 £&3 A3 Tl Loyt & & dio] FAHo=E FHAY BT 54
Rolx Aok (F 5, 1993; SHFAT2, 1994). o]9} 2 UfAHe] ggoz 1
frgol wlal XTI DA ‘br"‘lc"l'%:’é‘o] AEEFIE #HY F8 7 Fo=E
etz ok #EFAH DolMe YA IFFLE Azpeitia  nodulifer,
Hemidiscus cuneiforrnis, Eucampia cornuta, Thalassiosira punctifera,
Thalassiothrix gibberula 5%°] @31 Ut olF FTEL FUFe= 1L
1G] EYEAS Uehd AH D6~DItole] T e EX3ta Ut

N
r i°
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Table 8-5. Numbers of species recorded for the phytoplankton class
observed in the south Yellow Sea.

Feb. 1993
STATIONS
CLASS DI D3 Ds De D7 D8 D9 DI0O D11 El
BACILLARIOPHYCEAE 55 52 63 72 69 65 75 56 63 60
DINOPHYCEAE 3 3 4 9 7 8 2 6
CHRYSOPHYCEAE 1 1 1 1 1 1 1 2 2 1
CYANOPHYCEAE 1 1 1 1
SPECIES NUMBERS 59 56 69 83 77 74 84 60 71 65
June. 1994
STATIONS
CLASS El E3 E5 E6 D8 D5 D3 D2 Dl N8
BACILLARIOPHYCEAE 35 34 9 14 15 24 26 20 20 36
DINOPHYCEAE 14 12 8 8 8 10 8 6 8 40
CHRYSOPHYCEAE 2 2 2 2 2 2 2 2 2 2
CYANOPHYCEAE 1 3
SPECIES NUMBERS 52 48 19 24 25 36 36 28 30 81
Aug. ~Sep. 1994
STATIONS
CLASS F1 F4 F7
BACILLARIOPHYCEAE 41 45 25
DINOPHYCEAE 18 19 19
CHRYSOPHYCEAE 2 2 2
CYANOPHYCEAE 2 2 2
~ KINETOPHRAGMINOPHORA 1
SPECIES NUMBERS 63 68 46




o) (199415 29ol AFE AZo] Ueht tuldist ATt 24T Aol
A FEe AW FA PP AAL olFn URE AZE YL B
of Win PN AYP FsAL Huen dubdis ARl PEa: I
GRFS TAFTE AFVE ABS Foe] FAZ /9D 54 2RI
ohooldd AFEACl Wt AFY GFEL FARFAFE e 5ol
pEagon, A 98¢ 284 vt A3 D0 B3 DllIAE viehy

A &3 Atk zAMAe] 29 £ EE EAL YN B5ER o|F =3 Al
E4e fABY o U4 W e 22 guldRse EAS Uy
Foo] ¥, 28 255 Z/MAAL ¢ & Atk 2 AAHY = A
o Fe9) a4 ) ERT 2L A ABEA A PN AF e
e 34 duSAe) 253 QA RRES0 $AT. BAdEe odd 5
oA £718 dehdfst BROZ o)FaE B¢ £IAEH L AT T2, ol
71ske) Awg Foll o8] $&o] 37338 (Chen et al, 1993) ole] wE Mol
dFaA L drze) Fi 49 AP, Y8 FET 4T Av

Aoz AlREY WA ol FL& B YA 2 A&Hve AL @79 93
Aol dAHY, FEIAZEE ARY H7l A 7171 4F 710 FejeA &
A3tA et (=, 1995).

él%“”ﬂ% HAEFL 4360~ 48,100 cells/l 9] WS BJon Z} £9 H
o MAFL= S 19560 cells/l, 20m 5 19,480 cells/l, A3 20,700 cells/{=
Al FF Zl°1] o) FARE AEFS YT (3" 8-6). 78‘%‘3% AEZHIE
AEFS 37 L T3 A<t ’b‘tﬂ&“i & NASFS Holy % F
doMe Farske AFES JdeEldg. $3FL 33 D7 0191—4 B2E BAAAA
Paralia sulcata?} 26~88% 2 2 HA&L EOlC} ol2ig dEH ¥ = §
3 GRsde A7 AFHAH EAJA F3EH 9T FeHRE A, chl-ad] @®
< :-:E"ﬂ’ﬂE Fgo] Bolx g (19 8-6).

19943 6~79

1994 6~7YAto] AFE FRFAA FAG H5R49E e #3534 E9d
AFE MEFde] #FA DoME (28 8-3) 81F9 AEEFFIAEC] 3N
t}. 013 F2F7} 6l 20 JHY OFF F24S BYT, FURF 17F, F2
HERF 2% 181 ‘E." F 1%0] 239 APE 9% =1 9]
S vetgen, g3 33 FIsdd A A E50lA 19F0] EH3} 7t
Z 9 T2RAS HQT, THF A AXE A ElelA 52F 2
o3 242 JeEdd (Table 5). A¥E #2759 28 5 9~-3HFTL
2 129 AFE AR ZAHCOPEX-E 93)¢} 2¥9] 33l FH3d A B
o e H2 &9 F Folth

208 do A AEBEFIES] AFEEF Holv UWHAHQ FEoFE Jedd
(Smayda, 1980; Harris, 1986). A& ¥, 7}&d= 7#2F7F $A8I A Ede
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ey 489 HEHFEC AEEZFIE FHY F8 FALLE Yeidd
(Pingree et al., 1976; Smayda, 1980; Jones and Gowen, 1990). o]2{3t Hol=
goke] Bal@A WP #FAH vehdn 53] B 2AEGF go] AA
o] wat A9 FA3 Ado]l Yehdes FARdAE, old @& F7] YL
Zg)ol R34 Wz e ZAAAS 5T 3 FuUt 2R EY (Margalef
1978, 1985). & 7‘/‘}°1V~1 1l g3 Frade] #54 Do} #E4A Eo #2F

ZdF HFAsE, | HZ2)7] o)F AEe FHo = "}E}‘d’ Ax=z QyZ4HEn 6

Yo g3 FH-3) 9] e HdZo] FAHT, FESFTE FAG Mg T

H)l

< =3A ‘i’—}-‘E o7 ZAEUD (Lie, 1987, 4 F 1991) B 2*}41*15 x=
QERETE AR PH57F AFE HA7A RS Uehln glon, oo
So] 20~d0m Qo1 T T (AFRTL, 1094). ole] B 2h0) @
& g7 2Rsde Y EL E3AE B3 gisidle A e 3l

By
B{gA Zo] Hlng gIF £dF £E5 JeEY, AAHE o5
H JEHRFo FEHE £ 2¥94 vl F7tsd,
Ro 2 AAE+E AP EldAE Gymnodinium
o] JHErnFe =4 293 6.85 ug/l 9 chlorophyll a ¥E5
Bt 232 HRFA  Oxytoxum spp. Gymnodinium spp, Prorocentrum
spp, & RAMA HL dYdA 2L dEFE JYERHad™E 8-7). ¥,
Ceratium 44 XT3 P9 JARFE AFEA Gotodx Atole] HH N8

AdAe tekg Fol EFs I FH ddoxes FPFol A (&
8 5). ol B ZAMA] &3 35 Qg I A0l =243 FAAH AYE @
Aol 3 A¥e JURFE YA AR F8 TA FoF Y, ¥
o) JURFEL F2Y PFE T 4TS e AP e F¥ FEES
Hole Aelth

FA 2oz YL Holx 7ERFY EXE JURF} {ASE
L2 Jetith AFE9 Goto €5 Alele] AR N73 AA N8oA z+zr 653 11
Zo] 233 oY, Fa G s H\AM= Thalassiosira lineata®t Planktoniella
sol 2%&o] 2834t (=, 1995). Planktoniella sol-& HrhdF49 fdoz2 A
FE AR Ao AU, A e AS5E A9 B3 EAL Ud
9jorA Y4Ee {§4L A Ao AlgHoh whA A} A4 g%
of o3 WslE HUYFAAA B F4L Hol= JURRFESO dAFHE L A
Zpze] way dad Y M F83F Aak A 4L 3}
A 2 € (28 8-7).

B ZAMA] dEpd AEZgaEe & FS 3180~341,430 cells/I o] ¥4
RHolu Ho dLF IR 3 9 AF El9 B3A veisd (2
g 8-7). A El 59 3% Gymnodinium mikimotoi type2] HIX A A X
fH0] Z JURFRE 264,760 cells/l MAFS Boln 733% o HA/HE&S e

mikimotoi type
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=
A
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f
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Wt Gymnodinium mikimotoi type®] StHEFE A A tiRE A H A
10~20¢m =719 Oxytoxum, Gymnodinium, Prorocentrum 42 A3 9] sjuin
FER FEFTFT 895~972% o &S YeEln ARG ABZFIE 2
Aol dat AiARA e F8F YXE AAF Yo (2 8-7). TEFE
AA E13 A E3 oA Paralia sulcata?} 1,870~2,500 cells/l ¢] MA+S et
A AL A TG 2 AFE AE oA = 1,000 cells/I ©o13H2] v
< FEFE UEIQh o= 699 8o FA diF4r] olFe 2R
Aot AFAd A% U =Y I T A3 FRFY I2Fe B3
Uele, 4289 4HERY ArtEd BEFI 2 d2FL Ughle 20
ool Ho] 542 Z Yrhlle 23 Fxolth B ZAMANE EE QR ¥
T A FA AT d97tA &FE-ES Jeha 9ley, $£29%50] 20
~40m zZioldlA Yeluz Aok FYAF4A, 1994). £3d dASF BE¥E= FIF
D5oll A9} Zo] FFHT FFA EL S Yehiy ofEolg) 50m FoiAs
B HEFS Yehio] 299 EXFTs F3i% Aolrt U walkA 3 9
6~79 Alo] A G3o] HLE FYIHoM= F4Fo] AEZFIES Ho
2 3 T2 JYE ZAA%e 8T 4 8A0US & & A T=F AP
s M4o] g o3t AEst YL FFY WIS A3 3, AFx FH
S X3 Fa RG] e FAE ASAII= F8F 820e =2 JEYL
A

COPEX-E 94

1994 9¥ 2 AFx Mg 98 ¢ T F9E& e 3354 Fo 370
AHNA 46~66%2 A8 EFAE] UG AHEE=
ANZd A A Fl F4olA ZF & 61F57 66502 T% 59 A%
AA F49] 46580 It T4 2T

A3 Flol 4 10m ©)3e F3FdA< vl§ dAF FAE5HS Bger
EZoAME AEFe EA4E Heolx g (O 8-8). 4%
o] 243l T UdTS Hole F3o FA F47] olAY-E Yeh Ut
WhA X EoMe Y GUEFQU Gonyaulax polygrammast BEA ARFHFQ
Mesodinium rublumo]l A& ZF3E FEF 40%S A3ty FALFG} A4
of 3 5 AL Yeid AR RAAT]

A Fo4v FA 3lA49] J3g wrtoy) & EggE Aset FeA A
o] FAHE 3l FYF Alole] 24 HAo] JAHE 9o ;]
EFE Yehdla U (28 8-8). olad Aol FddM= A MMl P
4 025 (Choo and Cho,1984; Lie, 1989; Seung et al,1990), A A A2 &
23 EAL AEEFIEY EXdE 9FE vA= Aoz FAE UG (Choi,
1991). F&addl AXF AH Frore 723 AEFol FAHA Jeon, 23



JHURRFI EFF R2~%6%= XL FE2FE WS
Atk BFAH Fol 37 B A verd g él%% =i
7t AP S5 725 Yehdin, ol #3 dRad A
S 205 A FFS T USS g

. B9

T BN B o #3340 ] A AEIFAE FRAL ZA
¥Ha & zlolv} L}E}‘x«“:} 1993 1299l g &
Fou 8dde g =4S Uedl. o8% %é‘i o] ZAae o
ol 713, 8Yele A7t QP‘J% AL 57t 2
g op7ldle 8% @748 g 5 AE} T FF
YL T2 FAAA HEET 354 A2 Xﬂﬂs}é Qolm 2EF
2 oA FE 8902 A"t T3 A7 B §9e o3
Fo AFE AL G AEEFIE %}Mﬂ YFS M 8QQe7 53
W7 F2 AFE d5F 28 T 129 ARG A7) "Gyt
94 HEEFIAEY JEF2 I3 l «1611 1289 ZAARG 22 £FE Ho)
Ik AR AHE ALSE AP dURFIL FAF A3 YA A L o

[o

O

#& s Ao uehgor, FATEY 33 PEE 234 87294 o
g 9g2 v Ao v

% i}
g3 FRado ALH 45209 37 BARA Ba AAE o3 =T

e, AEEFIEY X 4FE F= FH 8otk £33 ] 93 o
ANFf4 <9 Paralia sulcata?t $3E02 Jelgon A4 23 & F 9A
FHATCl & T2 vEE delt AEEFIE EEF Chlorophyll
a & £33 TAA L}F«}kkowl 91% GeFe FAEFFE vdevde o
o 55 Rte]l 2 T A £ A3 EXIL AF = QAo Almdo
6l A 109 Aol FA7 4** o} g3 %ﬂ— oz g FH= f
dHe Fed 9 A48 AZGS 9 FRAL ABETFAEY 24

2 3 Fxe 2 802 i, 1994L 6%‘201]*1 TEx 33 g3

oA F3l FHAGOZ oo F Ao ABEZHFIE ¥ Ao Y
Ebd uio} o), Faj FRIHAME FAG A5 FAH Y=o o8 F2
7o 285 429 BFE Jeygen, 4239 duHRFI ARZYIE A
A Fa3 dA AAAEA 4L Fo) £ SRR 3T e 22 Q@

I ME AE BHo] & FURF Fo] A Fo 40| HE S5
AUBAol 245 Uee Holw Utk EF AR £2EH, FUFY9
ABE, ZHANSE AEEYAES AB0H LE SHE 259 200



g78QQoe= 1—}E}kkc}.v

A3 A dx ALY
7t Ag 2O

(D) 454

SBE25 (Seabird electronics Co.)& AH8-3l &, AR, 3, 43ASFE 4
L£Ho 2 FARIY. AF7E A8t S-S AFHA o F 1129 dH4E
GF/F(Whattman Co.) YHZ AL th3 ul2 90% olHlE &0 Fo] 2443
¢ EEAMFHY £5H 899 P €22 HFE LY (Sigma Co)oE BA
H Tumer model 10 fluorometer2 ZA 3} Stricland and Parsosns (1972)¢)
S ol 4EAFEER BT olFA ANE =4 e ol83ty
SBE25¢]] A& Seatech fluorometer2 &3 ® BAST9te] FAA A9 vj/ivis4s
F3R T (2 8-9).

(2) 334 A (P-1 properties)

P-1 54<& A7l 95t B ZAloME Babin et al (1994)9] radial
photosynthetron W{-2 &3gct. DHE ArAle] 60ml Falcon culture flask
£ dZ2 wdda oA diffused lightS W50 Z&23 Yo FFe] ¢
Wizt A71A st FPe=2E Osrame HQI/D 400W #HEE 4l o A
T B33 54 0¥ 8-103 ok w2 2 A Ao 7+ Za
239} PFL QSL 100 scalar quantum meter (Biospherical Co)E& WA ZA 3}
Atk FL9 2HE 93t XF A5 A AN HE £5 wiFFA Y
2 ¢IANATL AF AEY A9 circulation bathS AM8-3le] @9 $2& &
A3t ot

AlZ 770mlE M43 1 38 A2 multi-dispenserd] ¥& og YC
(bicarbonate, Amersham Inc.)S FH7Ist & 42 F 10~12719] Zet2Fd
60ml 4 FU3At. T 27MY 7] AR AlEE UEAD.  °olE A3
o 502 Al8E AWFH3}A scintillation vialdl ¥ 50xL2] ethanolamine®}
0.5ml9] ZF+E 718l 10mle) Aquasol-25 F7bstth
o]l EUw FA] 127019] filter funnelo] ©# manifold® MA 0.45um
nuclepore filter2 93§ ¥ A& viald]l ¥o] IN HCI 0.1mlS 7l3le F=



of ¥ 2 A1zt 74 fuming3l¥th.  Fuminge] BU ZA] Aquasol-2 10ml=
7vete] Wekdol 2@ H AP4MdA  RackBeta I Scintillation Counter®
domS FA389ck.  Total alkalinityE $A3}7] <93l Parsons et al. (1984)
o} WH-& uwat AlE 100mle) 0.0IN HCl 25miE IA7bste] A 59 pHE A3}
At EE MIFA RN ¥C FEE 005~01 xCi/ml7t == st

P-1 A3 B A= 59 F 742 F 39 FFA =3 A3tsls)
o wisiSst stdTh FAIT /1S A9 BFAe] §45 Poisson HFO =
3 R3o] A oS3 2ol FeE T} (Cullen, 1990).

P=BP?, (1 — exp[ —a®1/ PB,])

A71M B AAFE, 933 "= 99 AAFT o AuSEQL oudt. PP o
A EF5a 7 R4 FoIL, Put X3 BE oA B9 AAF I3 B3HA
%, & &3& (assimilation number)olth. o FFAQ] BAA FL&F BAF
WA ez FRAE-FE FH T X3} FE oM MF wree] s1LrE

ZHE o
FAE ol AL A 3 M9 mAESE AT Y= Platt et al. (1980)
9 m9e AlgaaT,
P=BP°, (1 — exp [ —o°I/ P’]) expl —p%I/PP]

B BAY AxE AAAE w7l Wgelth. PPE -0 du PPo) Hugto
2 A"t Gauss-Newton ol 2l H]NE mde) 33l sl o) o
9 F3T k. g A JHA 712 oidso A tee Al kA wiuws
7} =9k BgAo)l AUyt He FEL 7, 2 s,

a B
o] W] Huj FFAFL (F38)
8
_ @ B \*“
Pr PSB( a + B (a + /3)
2 FolAt. T3 F AHE msiHS Le (Talling, 1975)
Py
==
2 Feojd

() 715 Wl d Y2443 (daily water-column primary productivity)
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715 W9 § F4dAe & AlFoAe] AAE AEZSHAEY AAZTH
GG F PaHE (29 53}, assimilation number) &3 2AAY. F,
P(z, ) = P52z, b B(2)
A7A ST F AN, PPz, e B 99, BF3 dEFe BAA
42 To| §AZA uet 2AHY P-1 AN FIAL. PPz, )= 38
3 #e A Y, F AEZFIAEY AFH HIIRG FS AFRAME
spego] 8 W47l Hel JE8de AR 58S A
PP’ (z, ) = p (z, )
A7NA I(z, ) FFolth. uwA E7F HAY sFF<te dagLES A
23} FAAA 3 99 4E AR e ATk

Prr= [[B® s UG b)) dzat

wol B8 AAol 2L8A e ALE Pz e
PP (z, & = p Iz 1) @°(2), P5(2)

Platt et al. (199002 E7]1% W 4547 #44o=z 43¢ EXE 72
AS E71% A 99 dgAEL AAES e MAF Uye 73
aE BzAY A thRRe] AHeA DCM (Deep Chlorophyll Maximum)
o] EAFER MY Whie] 3 Y AABAHY] FHEL B
g2t A7IAE F$4 1m HF4 9% £A 4 AP S A3

2715 e 2FAFY FAE 9ste flourometerdlAd 39 ¥ profile
oA PEAZL T orld 99 FFA =d-2: HE&3H. 8Y 20¢ ¥H
09 5A7LA il AXNE FFAAGA FFEL 1¥ HFo=2 FAE PAR
(Photosynthetically Avaiable Radiation)®] BH#XE T3l o] R HFR®
2 AFgslgdnt. 29 8-118 ZAIZF B¢ #3538 PARY ¢wysteltt. 119
oA B 4 5ol PARS ¥¥slel Uz ¥izle ZRE EA% 29 PARS E
2 A dagAE-LS vads AL E AE F9EA dd. wEA
A7\ E ZAZIZE Betdl 23" PARS g2 A AHo AL (R
8-6). 271509 B¢ WslE Asted Bed AFAI¢- KPAR)E to3 &2
o] ¥ =}

K(PAR) = KW+KG+KP+ CB'KPH
Aq71A Kwe dlgel 9% Kot £F #7180 o8, Kee JA4E EZ %
A2BA4 ol Keme ©UIEEL F AaFASFolH, Cse FE4L ¢ olth
SBE25 CTDel A% transmissometer®} PAR sensor®] ZA&EFO 2 K& T
#A] 23}] Secchi transparancyS 4l Atk (X 8-7). K = 1.44/ZspE 713



Table 8-6. Variation of total daily PAR
during the survey period.

Date Daily PAR (E/m®)
940829 54.79
940830 44.87
940831 52.45
940901 50.94
940902 52.61
940903 4272
940905 32.01

AT Kep=0014m’ mg chl'& HA (Kirk, 1983) KpS (K due to
non—chlorophyllous origin) 3t 4 v 19§ nlote] KE thA] Al4lste 3
T2 434 (I = Le™®)E wEFog Hgad 7o FFAH =mdiy 3§
AFe 28T AA & TR

U, 23
1) 4249 2

3% 8-12¢ B39 HE4 E¥oltg FEAL gL gE4Fo] ¢
(~ 01 mg/m®) depdas 3
e HRZA 2t > 03 mg/m’). 53 %AF 4459 4o
27 AFHPAN7A o2 RoZ Holy 37 7/I7kE A FoloA e
A %7} 45 mg/m’el @3a Qo

2 7h9) (d: E0L, FOl, FO2Z 5) BFL AT A 2E AY 424 £
AT XZEY ¥ 2EVF XHFd Yelde DCMo] &Asgdd. 19
8-1301= DCM9] 2H7kx A A PSS QA stgd. B A0l DCME] &9
BE31 A02E 29 FA7F 541, B03: Zo] ¢ku tiAHoln Do4:= vl
A9 g2 DCMo] LA A%t DO8dAE ©]F 9 Fo] vehtn E0ldAM =
AZo 2 Z4E dUxyl Foldth  Fildle ¥3d ndxe 247 An
DCMZ EAJ3tA Ut tiFE 2Ax oFF9 ol i Ro Yxsgoy 9 »

z@ ng o K

o
-
o]

=
=



Table 8-7. Secchi transparencies.

St. Secchi transparency (m)
A07 7.6

Al0 54

B03 7.0

B02 85

Jo3 75

JO5 84

Jo7 125

LO7 19.0

L05 16.0

L03 15.0 ‘
D10 55

D08 65 !
D06 10.0 '
FO1 50

FO3 7.0

GO5 185

GO7 16.0

ol YetdAY (B03) o3 e Udeturlx 3ok (E01, E02). ¥WEkF
o] o]FFZE 714 uW DCMAXE °]F Fx7} el 7= stk (D08). |

39 8-14914 227k 7t 2 MR §=4 FEY FAURS vedh
A-lines} B-linedlX= $4dl wal DCMe o)zl HoXe AFL BYed
A2 20~70m Atele] X3QTE.  D-linedlMiE 15~50m Alolel A8t .0
o] BXo2 242 R3S FUMske AYE Holed ol ARG AL
el 4 Ao HAY. E-linediMe it £o3 ZA4E DCMe FA7L
AN FAF Mol EX Fo] ZAEH g} Aoz HUTH
F-linedl A= FOlolA FO37HA o 24 HoFol EFl Av7t Fodel
olz¥ AFe=Z Yt ol FOldlA FO37tRA] FA7 F5e o3 ®2F
10m o] E2 FEFZo] FAEHY Fiol ol2 BFEHSFY Zol7t Ao
ol 21§ Ro 7 HQt}h I-, K-, J-, L-linedl A= DCM2 =410 #AIgle] dl
g 50~80me] AT ol AU

DCMe 548 A, A7|E=2 dloleuo]23} 31798t Platt et al



(1988)9] 4-vi7iis RY& HA mEss) A o] YL A T4
HEFAOE 33 o

tlo

B(z) = By + (h/(cV2r))exp[ —(z — z,)%/2d%

4714 B2 T4 mE =2 Folnl By WIAFE, zoE DCMe Zo),
R/ (oV2mE HD) Eololm AW TAL oo o3 2FATE 1Y 8-23L
9 Aol sl A3 FHAQA ootk ¥ 8-8e= Aol i DCMe] o)
3 7 wAEsE Ao 9492 ﬂH?H‘ﬂ—’FOH el DxofEatel A
g ALY FHE S U ggton RE YL AN AS wishd
F e F=1% e Jdehdx s :LaM zb 2l ¥ Xagsy ¥
8-99F - Fgol Uenith 714 AT BAE B} zm, 0 Alo]2] 29 A
#Aleltk. §3] 1¥ 8-240]4 BE nisl o] DCMQ SA7} £74¢ A4 u)
A=} RolAe BAVL vyt

2) P-1 A

P-1 439 ARE FFA E¥d HF3sle Lolza P-1 T Yy Fel
357F 29 8-25-a, 1Y 8-25-bolv], 1Y 8-25-adlAl= BAE HAro] Fo
A FF YoM UdetdA fka 28 8-25-bollAE FAS Ao Fra
= ¢+ Utk APsE P-1 EAL 4 Y W2 ¥ 8-109] 8oko] uh
a9l A% 0013~0052 mgC/mgChl-a/(NE/m%/s)/h, P.P= 1.081~6.145
mgC/mgChl-a/he] HMHE 2Pt 33 AES JeElils LE 300~2112 u
E/m/se) WHE Bgon FAs Jeg He 1,e 1175~5742 UE/m¥/se)
HAE AT FAs e uFadde 29 AFE) 400~1000 LE/m¥s Qo
T e 13 o 1000~1500 LE/m’/s FEE FAFTGE o T35 B2Y Ao
Z nog |



Table 8-8. Parametrization of vertical chlorophyll profiles.

St. Bo o h Zm

A0l 056 34,60 713 | 29.44
A02 052 30.38 9.37 29.09
A03 0.49 20.19 8.32 42.02
A0S 0.43 39.13 8.80 54.13
A06 0.43 21.84 8.65 51.17
A07 0.39 2562 10.32 53.84
A08 0.30 26.47 1751 49.70
A09 0.33 22.14 14.02 58.21
Al0 0.32 28.32 1394 55.88
BO1 0.70 3875 453 39.90
B02 0.60 54.64 521 26.74
B03 0.44 41.48 7.66 4653
B04 0.44 36.98 8.01 42.48
B05 0.41 3392 10.03 52.14
B06 0.29 26.74 15.60 71.19
BO7 0.35 21.52 10.41 74.60
B08 0.32 25.66 1154 | 60.55
B09 0.30 4212 15.17 66.91
B10 0.30 3393 12.49 66.32
D02 050 | . 4825 6.23 23.39
D03 057 52.53 5.66 31.11
D04 0.36 42,65 4.15 19.94
D05 0.20 6043 | . 1411 | = 2500
D06 0.31 63.25 7.19 3495
D07 0.22 41.68 10.33 30.87
D08 0.17 4835 12.89 31.29
D09 0.30 39.71 6.31 30.74
UD10 0.30 4203 6.57 21.83
E02 1.42 19.82 278 23.08
E03 1.08 3291 2.94 2493
EM4 0.79 72.74 554 29.69
E05 1.00 51.83 354 23.83
E06 0.72 59.74 5.17 24.09
E07 0.48 85,51 7.68 2481
E08 0.90 104.80 14.30 25.90




Table 8-8. Continued.

St. Bo o h Zn
FO1 1.31 4,06 2.25 0.94
FO2 1.32 12.60 3.77 2.70
FO3 1.80 20.92 485 435
FO4 2.82 30.62 322 16.54
FO5 159 1816 278 18.23
F06 0.95 23.81 829 16.39
FO7 0.93 30.91 517 22,57
FO8 0.63 42.03 7.50 18.80
GOl 0.59 35,53 772 23.36
GO3 0.43 40.52 1850 38.71
G04 0.39 4872 17.71 36.15
G05 0.44 26.85 16.48 46.09
GO6 0.36 33.66 20.26 50.34
GO7 0.38 22.96 9.42 52.84
HO1 0.48 48.30 5.55 52.04
HO1-X 0.59 34.02 469 50.43
- HO2 0.46 35.32 6.77 56.66
| HO3 0.38 45.32 1016 7353 |
B O U 0.41 51.60 14.46 5891
102 0.47 40.72 8.44 63.17
103 0.44 | 35.04 13.24 68.10
04 | 0.39 34.90 10.72 62.85
05 0.27 4364 1529 7159
106 0.26 42.94 16.78 73.36
107 0.29 39.75 14.64 62.71
Jo1 0.75 34.80 3.83 49.30
J02 051 3252 5.03 61.94 |
Jo3 039 |  9277.44 2880 | 14275
Jo4 0.47 3113 937 . 6424
K01 0.35 3945 1009 69.91
K02 042 23.34 | 6.65 75.08
K03 | 0.38 | 3651 | 955 | 7187
K04 | 043 ! 1328 | 6.72 64,63 |
K05 0.36 | 16.93 8.60 65.01
Lol | 051 | 28.35 | 1559 56.21
Lo2 | 0.49 | 29.26 9.23 61.68
L3 046 36.60 11.79 68.88
_Lo7 0.37 | 4491 8.53 58.39




Table 8-9. Correlation coefficients among the DCM parameters.

S

B H S Z
B 1.000
A-Line : H 0.295 1.000
Number of observations: 9 | S -0.889 -0.254 1.000
Z -0.845 -0.269 0.516 1.000
B 1.000
B-Line H 0.595 1.000
Number of observations: 10! S -0.914 -0.507 1.000
Z -0.850 -0.784 0.861 1.000
B 1.000
D-Line H 0.014 1.000
Number of observations: 9 l S -0.724 0.348 1.000
L Z | -0146 0.351 0.246 1.000
- B 1.000
E-Line I H | -0.740 1.000
Number of observations: 7 © S | -0416 0.894 1.000
- Z | 0371 0.473 0.284 1.000
B ; 1000 |
F-Line - H | -0.065 1.000 l
! Number of observations: 8 ' S | -0.584 0.621 1.000
' Z ' -0149 0.659 0.427 1.000 l
. B | 1.000 |
G-Line i H ! 0042 1.000 1‘
Number of observations: 6 | S : -0.611 0.420 1.000 :
- Z - -0.843 -0.563 0.347 1.000
. B | 1.000 |
I-Line | H i -0.193 1.000 |
Number of observations: 7 | S | -0.796 0.404 1.000 j
| Z | -0569 -0.188 0.503 1.000 |
B | 1.000 I
K-Line 'H | -0.600 1.000 :'
Number of observations: 5 | S | -0.902 0.796 1.000 :
L Z . 0067 0.564 0.029 1.000 '




Table 8-10. Primary photosynthesis parameters and derived parameters. Also

included is chlorophyll a concentration (mg m™).

St. Zm)| a' |[10°87T| P57 | P57 | AT | T | Chl-a.
A02 0| 0.0130 2.85 27| 1498 | 1157 | 3523 05008
BO1 0| 0.0178 27793 115.0 2.623 1475 | 401.0 | 04121
BO1 30 | 0.0166 1452 50 1.370 82.6 2300 | 1.1404
B02 0| 0.0291 586.79 3452 6.145 | 211.2 5742 | 02252
B03 0| 0.0150 325.22 114.6 1.905 126.7 3445 | 02635
B03® 20 | 0.0165 ———= - 2.094 126.9 5344 | 0.3230
D02 0| 0.0264 15.09 5.0 1.769 67.0 1899 | 05942
D04" 0 | 0.0301 ———= ———= 1.759 584 | ———- 0.6900
DO08" 0| 0.0455 - - 5.444 1195 | --—- 0.3738
EO1” 20 | 0.0424 -——= - 4.956 1170 | -——- 0.7092
FO1™ 0| 00199 -—- ———= 1.761 886 | ——- 45522
F05° 0] 00410 | ---- | ---— | 2918 71| -———— | 1471
F05° 40 | 0.0422 ———= ———- 4221 1001 | —--- 0.4408
F08" 0| 0.0283 - ———= 3.146 1112 | ---- 0.5175
FO8” 10 [ 0.0470 ———- —-——- 3.628 771 | ———- 0.7284
GO5”® 0| 00259 | ---- -—— 3.692 1424 | -——- 0.4063
GO5” 20 | 0.0278 -——- ———- 2.674 93| ——- 0.3977
GO5” 50| 00520 | --—- ———= 1.905 366 | —--- 0.7092
GO7° 0] 00265 | --—-—- ——— 2.898 1094 | ——-- 0.2118
GO7” 20 | 0.0383 ———= -——= 2.754 720 | ——- 0.2300
GO7 40 | 0.0361 1.20 13 1.081 30.0 1193 | 03115
Jo1 0| 0.0249 2.87 22 1.487 59.7 1962 | 04414
Jo1 50 | 0.0400 6.49 24 1.492 37.3 1175 | 21843
Jo3® 0| 0.029 - - 5.883 192 | ---—- 0.2492
Jos”® 0| 0.0137 ———= -——= 1.680 1228 | ———- 0.1342
' Photoinhibition not observed with given light intensity range
. Units mg C (mg Chl a )' h™’

T Units mg C (mg Chl a )? (¢E m%™)'h?
Tt

Units #E m%™!




(3) 715 U ¢ AxtAAHA (daily water-column primary productivity)

2% 8-26014 8-337kA el L FHel A T AY oRYAAD F=&
o 242 TS Byt ¥ s-110E o5 3 2715 AAd NP A4
423 ol W@ DCMe) 7l9ES AR 3 BRE 215U 452 %

g3 DCM9) 7ldx & 203%olth. DO2E ¥E4 st HuF o4 §3%
7} Yo} AxpaiAEe B02¢l Auk Ao 21X DCMQ] 7lER: 258%2 &
fAHoz vt AW DME SFEE =3 DCMe F4lo] &ol DCM9 7ld %
7b Wl$ =1 (662%) 1 A WE A Ze =L TR M =2 A4H
2 7}AY. AW DL FFES HEA FEUF ol Br1F HA AL
wuo} DCMO 4ol €3 FAY 7IdEE 341%0 23 A3F FolS 4A
B2 FAF @] od] A RSl A FFELFTOl 6-Tmel =
F50 of7le) WRE F2A7} EAEH dRE LYol o] BF WA
ool Ao x BT =& ANHL Bt AY Fooe FAZ A5 I
oz p,Bst =1 ¥2e A7 AXN 7R B ANAL (7264 mgC/m”/day)
Helth, AA Fi8Le %S DCM¥EE DCM9 71odx7) 365%¢ 28 A3
Joge EFTE oy DCMeE zeol7b 70mel olz# ZIgxrt wen (7.6%)
a2 Az gaxae 74 ol 697 mgC/m’/daydl B33 ol AW F059
1/100) &3¢ Zeojth

Table 10-11. Daily water column primary productivity at some of the station.
Kunp stands for the extinction coefficient of PAR due to
non-phytoplankton origin

Water column P.P.| Water column | Knp | DCM contribution
St. | (mg C/m2/day) | Chl-a. i (m-1) i to the water Zm
{mg/m2) | column P.P. (%)
B02 4349 58.6 0.1650 29.3 27
D02 2225 515 0.2194 25.8 23
D04 532.7 415 0.1352 | 66.2 20
DO8 180.2 | 334 02194 | 341 31
FO1 565.2 462 0.2243 | na na
F05 726.4 55.3 0.1919 | 2.7 18
FO8 | 439.7 : 453 | 01919 365 18
J08 69.7 336 | 01135 | 76 .70




. E9

CZCSell 93 #ZHE 5T ey 4 T AT AL 3rldl &
e FA A5 48U Aoltk (19 8-34).  FAF dToM Y2
F& B5Zoz2 WA AFHHe 714 clze o= M. o AL 1980
89 (¥ 8-34a)7 1981d 8¢ (¥ 8-3db)E #Z How 1982dd% #
g3 Ytk CZCS G4l vt 15z 4247t AASGRR Qe 2
Al716] AARZALE 2 A YZHT (29 8-35). T2 miglo] ¥ ZFAlIA
T B2HYY (Y 8-12). EFL F-line & uwa} FO7-E08C.2 A AFaY
zoz Wy glon AL FUElL Jv FAF FEFY AL FIFS 19
d (2 8-36) Y7 A e Ay EFIE It vlX= IF
e e 2 Ao Jd2Hth ole A F4 olF HZd o3 45 y
2} Aol JAHE &3 FHd= dxFHolth

AHA A FFTEH Y A5 T NIE AxA4=E 9] W= 1231
(FRAS Q) ~4874 mgC/m%/day (27 & dFSH)Z B ZAY] 69.7~7264
mgC/m*/day 2ot 22 899 k& 7HAt (EE, 1986). ol =A} ¥g o) Aol
dx 7)1 AR T AR 9] W9 zlolx S Ao= HRIG

A AAGAQ Aol EAE AL AF ofF 20%0] et wakA
20~70mol 91X d= DCM2 3457 €4t DCMe] Zle] (> 50m) $1A3he I,
J, K, L-line & DCM9] A4ataglo] 3 w2ty 7] Atz o] o¢ g,
a3y AF D04dlA DCM E71% datitee) oigk 71T r) 66.2%0) o=
3 AA o] 5327 mgC/mYdaydS 18ld w DCMe) vZd ¢ B G
£ AagEo] 245 43T sheAol Ak wEiA daAAEE £33 o
Q229 FAREES AFYS FAHE= FHol LAE Fole Aol A g¢A

e ag >

ol F 93 B dAdA AP £F FFASVE 2E Ao nviFAFEt.  Od¥
8-372 RA"E 5 FBAZI A% 452 @ A% F FFd s g2
v Aeldh. DCM#® I A3 e ZF dXx3hv DCMY ollE 2471 St
ol 9=4-ast phaeopigmente] H|-&o] FA vz wEY Aoltk Wil
DCM9] 3R gatAAtel A9 7143lx] deorz o)zt ale Az
FA30 o] ¥ AV =HA &=k a2u 28 8-379 A F0l1e] B FdA
= % 142 H4& HrrEn Aok FF3 ARG v)go] g, P g
A Sl g3 2A gt AL F gelA Atk (Cullen, 1982). wEkA
A FEH 2ol gAT AU dous RAME BAYE AR ANFES
A5Hez & "Wa7} o

ol ZAtolA P-1 EAd o AYgHo = F3F AL Yy @

_3m_



ABHo 7 n2A AFPo] o|FAXR FYw FFe] PHALA Tl FAT UA
t}. E3] DCM9 F8A4-¢ 4z2% w DCM P-1 54L SH3E= A 58
k. ¥23 3A 9E £ Q7] dEolth. FAS hdS ke FA0 wE
AAse Aoz Jehgt (28 8-38). DCMe 471zt s =2A 4 71A)
o] 7}Ado] 1er (Cullen, 1982), DCMS] e} 5 5AL ZZFIE Asto) o
Z483 GAME ATY £ JorZ DCMH Hid EA ZAlE o271A WdA
ZQ3lta &4 Uk

A48 225 A2F Ho 4HS,

7t Aw R 9y

(1) TEZHIES] JAEH HEF

SE2Zg23E2 Bongo net (250um ¢ 300m)E AHE-3le] 41719 HHANAM 7
AL ABET (B 8-12). MESY g+ IFZFdl= FFA (General Oceanics, Inc.)
2 Al A3FH J5AEE FZARIAG AL AEE @A EFIAE £
B2 Yo die A FFER s AEF L 93 150m A=2 o
F3le] YFEED slgoen, Unixes ZFEHE 43 T4 ¥=LdozR uA3}
o FFFL 5% ol HA AT 1AE AlgEe APAAA +3F ol 10070
A oy HEE B¥VZ 2 2 R A5 F a94AFT (md) A
Ae2 FA3YH :

AEFL z} BEFFY M) o5 H @AFS F3o ALt &
A2FL Z2A317] Y A BT EH AR 4R E 59 PP A F4 £
27Yz 2aslyd Alsin PS5 23] AAF F 60TAA 24413 B2t
AxAZ Ge TAE Z2A3%7] AR Ax7] (desiccator)d]l BFA3AY. A=
¥ A]E% microbalance (Sartorius Co)Z FAE &3¢ v 4247
(CHNS-O, Carlo Erba Ins.)Z2 @2 &-FFE SA3A

(2) Hol AF &

87159 HolAdH L2 XA AU Ae FFTEYS FFFE AALR
HE Z2A89t Ad FFEE A A8 ¥ E AEE Folu ¥ £
Ho] s PulA sl BRFEEE By ez AFI . AAA
5 2237 98 2AFE 27l wel 10-207WAE Astel  Tnes) 90% obA
Eo] & HY (glass via)oZ &7 BIAAEUE 24417 TG BAIYC
Simard et al.(1985)7} Morales et al.(1990) 2712 72 AlgE7 Z2A &



ARE Alolo] zlo)7) 1SS RAFYY. FEEL 8479 277 A%
o GF/C d3A=2 A7) g A& AbA d(acidification) FAH Fof A=
A EZFELN (Sigma Co)o.2 BAE Turner model 10 fluorometerE 83}
A3t 82479 Al Je HE49 phaeopigment FE+E Boyd et
al.(1980)°] AAIF F4o2 Alatstgth

k(fo—fv
7
k[ (-Rfa)_fO] v
n

Chlovophyll ng/ind.) =

Phaeopigment nglind.) =

A7NA ke 7171 BARAAS, RE acidification ratio, ve AEMAE FF317)
93 AHEAY 90% otHIEQ] volume(md), /9 fis AHA T A Fo 2 gholH,
ng Ao A18d 8779 Aot AEZZFIAEL] MiAd FF 4R
AT 2o&d =4 BEI4EY UlFE-S phaeophorbide FHZ EA)
(Patterson and Parsons, 1963; Shuman and Lorenzen, 1975; Jeffrey, 1974), 3%
Falkowski (pers. comm; cited in Dagg and Wyman, 1983)= 19| #4dA 8
Z+59 Ayl A+ 2T phaeopigment’t phaeophorbideE el 2 &A% B 113}
9tk Phaeophorbided] EAFL HE2AY A9 663%°122 LAFEY
phaeopigmentd =S F=4 S7F2 AGAF]7] AdsA 1519 AAE AME-3HA
o 87bFe A AAA g =29 Y9 ol A HE phaeopigment®]
gto 2 el (ng chl./copepod).

A FFEA AAHES SH37] Y3 AZES AR F b= v Fv]4d
ARz A7, HelYAET FTESS EEs7] 948 200m A2 FF
L 22 g FE9 EAld Eo Avx UM A AAE A A3 3 A=
AFFPT. AIRE P52 AYA A 20 872 &3 OGS Az A
HE ANy FFEA ZF4AE 2AIEY. 8AFE 60BESH 229 fEgdA
Wl on, 5~15% A2 A WE RAAT ARES Y9 A
FFsx £47 22 THo = M3 AT wE FFsxe] A4S F
Aslgo. ek A AAA Fx7 diFE AFFHo R FIadga sHFsH
(Kigrboe et al., 1982, Dagg and Wyman, 1983), AW FFE2A AAEL IS
3 ge Ao AT £ ut

G,=Gye "

A71M Got G WFS A& AR toll A 537 AW Aae] & r2 AW

o] A 7§ (gut evacuation rate)(t™) o] = A|ZHE)o|T}.
87ZrF F-o o3 AL A S5 o2 Usghyoen, 8747 /A9



Table 8-12. Zooplankton sampling stations.

Stations Date Time Sampling depth (M)
A0l 1994-8-29 22:55 45
A04 1994-8-29 03:15 75
AQ7 1994-8-29 06:30 100
Al0 1994-8-29 10:00 100
BO01 1994-8-30 17:10 70
B02 1994-8-30 14:40 80
B03 1994-8-30 12:00 100
B05 1994-8-30 07:50 100
B07 1994-8-30 04:25 100
B09 1994-8-30 01:00 200
B10 1994-8-29 21:50 200
D02 1994-9-05 21:18 80
D04 1994-9-05 17:50 90
D06 1994-9-05 14:20 100
D08 1994-9-05 11:21 0
D10 1994-9-05 08:16 100
EO01 1994-9-06 11:00 40
E04 1994-9-06 07:10 60
E06 1994-9-06 04:35 80
EQ7 1994-9-06 01:54 85
EO08 1994-9-05 23:30 85
FO1 1994-9-06 16:40 40
F04 1994-9-06 21:00 45
F05 1994-9-06 23:50 50
FO7 1994-9-07 02:25 60
FO8 1994-9-07 04:50 70
G05 1994-9-07 12:00 100
GO7 1994-9-07 15:55 150
GO8 1994-9-07 17:00 150
G10 1994-9-07 20:30 120
JO5 1994-9-01 11:20 150
Jo7 1994-9-01 15:30 300
JO8 1994-9-01 19:00 250
Joo 1994-9-01 22:05 250
L02 1994-9-02 23:30 90
L04 1994-9-02 20:45 90
L06 1994-9-02 17:50 100
108 1994-9-02 14:55 200
L10 1994-9-02 11:15 200
L11 1994-9-02 07:35 200
112 1994-9-02 04:15 200




HolAAEL obeist 2ol Ay FREAS FEG AALZFH AT
I= rxG

A714 & 9ol A& (ng chl/ind/h), r& AALG™) oln, G& AW FFE

Ao Fxolty, AEEHAE FEF CH?} 874579 99 YT 43

71 Y8iA Yol AF & 249 ZF A A 2} 8AFES MALES F3)

Ao ENE ¥AAE diFA ol AL wEIY ZF FPo 8AF *

9 ¥AE (mg chl/m%day) Aitstgct.

SREE!
1) 87479 d€

Z2d FTEEHIE T 84F7 F8 ¥ ERToIH, oY mAEFEE, &
Zr i, frrHAleol, 274 JAZFF 14T 8 FE, AITE, AFE9 F40)
2939t 84/ A A 2 Aol AAT FAZ717E oF 2m ©)g 9]
NE 87F (large group) % Calanus, Eucalanus, Euchaeta, Undinula Z1E 9|
F2 29319201, 14~20m Ateldl £3= 872+F (medium group)ZE FE
Ny 87279 wlA4Aol, Temora, Centropages, Calanopia, Scolecithrix &
o] ettt 1 FA A7 oF 14m ©l8te] &% 82}/ (small group)Z2+&
Acartia, Paracalanus, Corycaeus, Oithona 7}V F8 3 2FolH, olox
Clausocalanus, Canthocalanus, Acrocalanus, Calocalanus $°] A% 233}t

87tge AE2Fe A2 182 MA/m® (BF L12)GIA 3256 MA/m® (A
E0)E ZAIARA Alole]l & Alolg Holn, &R X9 v A YA} 344
o] JFL BE AFE MEAGoA o] SHF v dFFe JFL wow
F4el HAA zojAe diSAHeRr ZA4E Zde FAFE RId (a¥y
8~39).

2) 847 YEF

LAEAZIE o] 83l AR 87b79] B4 82 Ul 8774 &3l
Fol AxFTF o 32~54%, TA7Y LA4FIF 25~51%, 2% 27F7} 13
~42% oln A3 Q7F F9 Aartia £ 6~30%E 71 B3 ZAIAA€Zre] ¥
Fo] ZA JveElgt (F 8-13). gaFo 2 Jeld 87179 AEFe A=y
AR A2 Hold, 150 (BF L11)~3898 mg C/m® (FA E07) ¢ ®WY=
BIo (2 8-40).



3) 87459 Ho| HAE

87+5 9] HolAdA&L D, F, L-linedl A ZAHAY. 8247 WA A 33
22 5= 1Y 8-41, 8-42, 8-433} 2t} D-line?) A (2¥ 8-4D) W¥ &
ZE9 A ¥FEA =+ 023~351 ng chl/ind. ©19, F3t=2
0.44~154 ng chl/ind, 2% 87}F+ 0.14~0.78 ng chl/ind. 8
92 Bk F-line (219 8-42)9lA td 84F+ 066~1013, 13719 8
Z}5= 033~9.84, 238 84F+= 0.09~067 ng chl/ind. 2 28 8AHE AY
3 YA 25e D-linedth & g B EF AN AY Edd
A% L-line (I8 8-43)9] A% AW FFEA s HF 87477t 055~
493, 737190 8Z4F7F 038~282, 181 28 87+{7F 019~0.73 ng
chl/ind. 9 o=z 223 A¥ 22459 4%+ U= D-line Boe d& 2

Zr ol &3
719 87/

Table 8-13. Carbon content (%) per dry weight of copepods.

Stations Species Carbon content
D-line Calanus 33.69~46.42
Calanus copepodite 34.09~54.44
Large group 32.34~51.16
Medium group 30.42~41.38
Acartia 6.18~15.71
Small group 18.56~37.24
F-line Calanus 34.39~45.13
Euchaeta 33.67~45.17
Large group 37.59~47.18
Calanus copepodite 38.84~51.32
Temora 32.47~35.18
Medium group 24.86~38.11
Acartia 9.33~29.27
Small group 32.47~35.18
L-line Eucalanus 34.30~47.36
Euchaeta 37.82~45.18
Undinula 36.46~47.98 !
Large group 38.37~44.82 l
Eucalanus copepodite 25.73~39.45 ,
Euchaeta copepodite 31.17~38.56 |
Medium group 28.69~43.17 ‘
Oncaea 16.15~40.05 ’
Small group 13.21~42.04 |




HE F-line 2o+ B2 28 B0 3 L-line2 d& XA G g FH
ko] ztolzt vl A AHA velgt. ol9tgo] 82tHF AU FFEA FEE F
o EAIVPE E4E 52 %S Holt H o3 AT F& L My
A FEFZFAAMT YEigen (A 3 f, 1995:FH]F), £33 Morales et al.,
(1990)2 dFF} EJARE o]&3lo XA 7o) WE FJFEAY FIHE
AATAHSR AASHL ol AR A3tF A7} FA A7) v oA
AzI7F € TAALFE g2 49 Yol Ao 3T £ A7) fFolt).

AgeA AYE 4R[S gH}sF2 sty AR e Ay FFE
A9 AALS ARG FEAS FEE Azt g3 AFFHo R HAFS
BIT (O 8-44). AAEL oA 71 ujgAIzte] Ao o3 A7 fol
B 1 E Q) (Kigrboe and Tiselius, 1987; Peterson et al., 1990a). B ZAlojA=
60E3re] APAEZHE AALEE AMNSAL AAEL dd 82377 0017/
¥, 1.4~20m & 87477} 0.020/%, 28 872}57F 0.021/2 2 =7)e] Aol
H&E g2 29

84579 A FFEA s AALSZNYH AAG Z lined] Ho] HH&
2 ¥ 8-14, 8-15, 8-169] AUt R dU "ol AHFHEL D-linedl A
4.07~85.8, F-lineoll A 2.77~283.24, L-lined| A 5.70~120.76 ng chl/ind/d 9 %k
o2 F3 RAIAR wa & Aol BYL

AF AEEZTAEY g4 U 9524 v]E (carbonichlorophyll ratio)2 thek
25 oA 112 o] ¥HYE Z=vhy B3-S W (Jorgensen et al, 1991) H]E %
g @840 IFE Be FFFIAAA AEEFIES] AAREHI WS oGP
AA T qfFFH o2 o] W] FIhgk FEQ 708 FHEdA 3T f74Fo
A A% ol ATl AZEFIEL] ¥AoFRE QA= 7} (daily
ration)E A3 TH F-line®] 2% A Aole AAT HFgo=z izt
Calanus= 22% body wt/day, Calanus "] &AE 24%2 A9} vl g2
7WAY, F33719) 84/ 2FS 14%, Acartia 28%, Paracalanus 19%, 423
SAFIAFLE 27%9 %S RYv L-line M Eucglanus 7} BT 13%,
Undinula 6%, Euchaeta 4% ©l1 Euclanus$t Undinula®l w4 %37} 13%,
. EBuchaeta ©1d% A7} 11%, Paracalanus®t 28 82}53§o] 27%9 23% body
wt/day Roh olgld BFFY A g °F 0% body wt/day (Paracalanus
parvus; Checkley, 1980)9llA 40% /day (Calanus pacificus; Frost, 1972)¢] #H$¢
E 2= AR Hyf3 o A A g2 AUzt o 1/2 A 1/49)
FFEHE ol o)RLE olvtx FAX Y] A3 dE 8257 AP H AL
2 AlAM3hs Aol

8747 39 ¥AELS 1Y 8-459 Fo] D- ¢} L-linedl M 4238 82457}
AN 0 2 333 ¥ e Ho|n L-linedlA] EALL 44lo] HF ZoAE
HASAIRZ 0 2 ZA4E Dol AFL HPGrh F-linedA 87275723 ¥AS
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Table 8-14. Daily ingestion rates (ng chl./ind./d) of major copepod species

at D-line.
‘ Stations 9 4 6 8 10

Species

Calanus 29.60 43.34 47.68 41.62 5.62
Euchaeta 6.83 39.46 24.46 13.24 8.56
Undinula 60.44 85.8 23.86
Medium group 18.18 17.39 4448 27.96 12.8
Aaartia 7.14 472 407 4.36 6.54
Paracalanus 51 5.89 1491 6.7 5.54
Small group 23.69 13.66 6.81

*Small group : Acartia®t Paracalanus A9

Table 8-15. Daily ingestion rates (ng chl./ind./d) of major copepod species

at F-line.
. Stations 1 4 5 7 8

Species
Calanus 24798 | 211.87 | 14531 17.75
Large group 44.18 51.24 81.98 16.06 2745
Copepodite

Calanus 179.68 | 283.24 62.93 17.14

Eucalanus 16.45 93.37 14.56 9.36

Euchaeta 7.74 42.34 41.39 11.46
Medium group 28.88 36.66 45,07 2391 99
Acartia 6.52 8.49 15.88 7.82 2.77
Paracalanus 6.34 8.87 11.59 446 445
Small group 12.95 19.53 6.49 5.84 20.27

*Large group : Calanus A<



Table 8-16. Daily ingestion rates (ng chl./ind./d) of major copepod species

at L-line.
Stations ] W
Species 2 | 4 6 8 10 11 12
Eucalanus 9%6.07 : 2514 18.78 11338 | 120.76 | 29.39 45,51
Euchaeta 2551 § 36.30 1458 | 19.45 1568 | 20.30 67.35
Undinula 66.23 45,25 2200 |55.9 7983 | 27.31 52.00
Copepodite
Eucalanus 17.96 15.02 1897 | 12.74 28.76 9.88 30.86
Euchaeta 21.29 22.07 1055 | 10.97 1591 | 3421 31.88
Undinula 35.20 34.41 1536 | 44.95 81.27 |16.07 30.58
Paracalanus 13.10 22.24 7.21 5.70 8.03 6.67 12.11
Small group 10.34 13.33 738 | 1149 1214 [13.34 21.39
L
e ANAe R FAF HTolN BojASE Fasn Yon WFLALF T4
£ WFe 278 A

4) MEEFAEC T 479 99 ¥4t

ZAMZI1ZHE <t 29 dA=F Ui 8479 XAYL D-lineodl Al 1~3%,
F-lines) A 2~ 44, :zal L- lmeoM <1%~5% 2 ZAMAAzHe] vj3 WY E
B A= 10m Bk & AEZFIAEU] Hol2A {83tz 7/HRsAE X
A9te AHM L04 (68%)5 AANES Wl D-, F-, L-linedl A zZ4z+ 2~21%, 3~
10%, 3~11%=2 F7t3lgen, 347 g4 Aols BYPH.

A A AA AAHE ol3sHr] M= HolF T2 Yolale ZF gk
THAAM 2o LR AU A7} o' v g2 AEHE 71E Fetsieof g
g AR E&L oAy AV Ued 2 5 GSENDY 582 AWES
(consumption efficiency)2 3 THNA ALHE dUA F b3 E9dA XA
RES 43 AR w2t o] a8 (food-chain efficiency)elatil R=7|%
gt AHEEL 3 FSA 2 Lo FHE Loty o]&3h= Tl UiF A&
olth, Y] AniH o2 AHA UYE ASEFIAEM U} TESFIES 4
&S U 40~50% oltt. A ZAME A o] HFEeAwe Ya AAHA=L



225 0|83ty AHEESES FA%N] AdME 4 AZEFIEY  c(e4d)chl
(F=2) ¥ &g golof 3t H o] H&LS AEZTFAES] AHH A §4
K20 wet WEol A FF A olF7A] BaoE Hol L ®uk oy
2 g3 47 Jelde G4 od e 5T S EE - FHE
37l oyt AUiME Hid FAXEE EUE AEEFIAEY A9 g
25014 1129 g AL3ATh o]FA ARG AuEgEe ¥ 8-17% 2o
F-line®] 73¢ H4% cichl ¥l&dA vl vj&g AnEEE B cichl Y
§o] 259w 10% ©]3} oln, 70¥ ] 10~20%, 112¢w 18~30%<] WIS BY
t}. ¥hA D-line?] A7 DO4olA AHEEL ZE AR 10%S A Z3le
o) e g Bt ol dE AHd vl 84F THY XA &) g @
T, 87459 Hol2A WE ZlAvt e &AL A9 FIA #7180 Uat A
ko] 7193 Ao = AR HET old] w3 D029t DOBAl =2 AH|EEE Hol
= ol olrlx AEZFIEL AEF I FFdFo] Fol AAHo] ¥ ut
W eZF 7Y Yol XA Eo] A ¥7] WEQ Aoz AZHEY.

Table 8~17. Consumption efficiency (%) of copepods for phytoplankton.

l | Efficiency Efficiency | Efficiency
St. | Gf cichi=26) | (f cichl=70) . (if cichl=112) !
|
D02 1262 35.33 | 5662
D04 1.89 528 \ 8.45
D08 14.19 39.72 : 63.55
FO1 407 11.39 | 1822
FO5 5.00 13.99 2238
FO8 | 6.69 18.74 . 2998

o. E &

87159 TAEE ZAE] A FF SAYPL B ZAMAE SsiA AL
f50] FZdAMe ABEEFIECZRE FTEEFIAELRY JuA AGEFHS
olgdt Hl B ARE AF3ATH (Dagg and Wyman, 1983; Nicolajsen et
al., 1983; Baars and Fransz, 1984; Peterson et al., 1990b; Morales et al., 1991).
Peterson et al., (1990a) € HZ 2 71A1] v|nAPE Fa o] Wye] thd 4
AB7E 22 ATsE o 2 9L AAE 2R AFHol USE AAEAT
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a8y dRgAaE o] ¥go] & SR ¥ ¥ AHE A=
Ao 2 B3ttt (Baars and Franz, 1984; Kigrboe et al, 1982, 1985). w+¢f 3
FE2AHYW o7 Z2AF ¥ AL g 7|E WHEZ XA AHE Alojof F
AAHQA #AE AAIEHA (Tsuda and Nemoto, 1987, Wang and Conover,
1986) AU #HFSAYL TEZSZTIAEY I ¥4E& FH 8¢ Y A
o|t},

ZAZ17HES 82479 Yol AFEL £ FL ZAAYA wa & AolE
Holx H] 87179 ¥A8L £olY Hro e FHFHQ L 3 TS
wg Ml ohzl wole) FAAMEIS Fol AT ZHEEG (Frost, 1972
Corner et al., 1976; McQueen, 1970). F-line®] 7-¢ A4 82 Al vz A
HAEL & FARYED & Ho] AFHEL Hole o] & ZAAYEYG g
Z2A2%57 B By ol AEEFIAEY IV & A9H d=2A 1m
ol AEEo] F2 £F3}e RO YERT (1Y 8-46). 1 dHRFe
9GS F2 UE L-lined 2%+ 1l ol31] AE7}F 80% o2 A3t 3
o o] X g7tF EFo] T2 A Ho) Hlg] B Hol HFEE A Y
Byttt gutAo s a7bReo] XA A 8727+ o & AV]9 HolE MT
e Ao g2 9oy, dF RAAES] HuE HYE §7FE 5~10m B
g o & Hols H3zde A= UERTH (Harris, 1982; Berggreen et al,
1988; Tiselius, 1988: Dam and Peterson, 1991).

B ZAAE S2299 3%, 84HF9 EEF ¢ Ho] AHEE AHE-3lY
8ZtF7H Yol AF e AEZHIAEN T XA L Al Ay
FFEAPoz RAME FAYL gvrEozm ¢ 2 FHEIZ HuEch
Nicolajsen et al., (1983)2 @resundolA FA 54 7|7Hs<¢ AEEFaE &
E£Fo] 1% AXo Gdle dd T2AE&S Ruslger, Tiselius (1983)=
Skagerrak 9} KattegatdlAl (5<% AEEHIE HAEF) R 4%2] AL
€ B, Peterson et al, (1990b)2 Benguela upwelling XA 1~5%2]
¥ AQNE &A1 .0, Morales et al., (1990) & thA%ellA] 1% ol3dte] ¥ 2|9}
€ B3Pt T Bautista and Harris (1992)= A3 HoA] AEEFTEY

A NS4 717 5~8%9 874F AN FAIYY. £ vty A
+ Shin and Yoo (1995; in prep.)7} &2 2 33)dlA] 199233} 19933 4¢9)
AZEZFAE Yol U BT 5% F=S) 87F TALE 25 AA
FeIEgolA ZALE A (K1%~5%)EL Yo RudE EYe) vuzy Yx3}
w, FaolA 2AHE TAYRT ofzt BT Aoz ojxeje] AAGHA
AEZFAES Yol2 FH3l= 87475+ dUdHo 2 AYE AHd o, A=
EPIE FEPo] 399 9FL vAA gE Qo= Yuygrh deht 9% A
M 8247 249 IAGFO] 1ym 2o ¥ & AEEZFIAEY AEF WF
9] JEE 4 AL BYt
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g XA FAle &A37] A dF WYL E3A Roman et al,
(1986)2 9] A3HoAM AU ASEHFAE AAZ9 50~100%7F TEZZ=
2o 3N AAD & AL FA3L 4K o] o] X 4o] AxPAFL A
AL AT AABAY 23 Arinardi et al, (1990)0] 159 A&
100 9 cichl Bl&& &3t AN TS 3~30% Alole) WS ngc)
A GAA HEEFAE YAFo] g 244 TARS] AnELL 10~20%
(Longhurst and Pauly, 1987)o]", @A Y& AYF AdJQME 15~50% 2
HYE Zte Aoz d2lA Yt (Walsh, 1983; Baars and Fransz, 1984). ghek
o] ¥ cichl H]&o] H4F 70 ojolztd D- ¢ F-linedl A An&EEL
A 5~40% oA Ht) 9~60% Alole] WS ztet

AS5H 28

2 v FHdde BACHFAAN 7Y FEZHE FYHE F2A09)
F2AQE RE EX o EAstE tubdio) o3 Ao 2 oldus Ao
AAsHE GSd o ABEEFIE FUHE A2 Yy ozt Y
F79 AL AEZTFAEY FWolyzt AutHel H{MuAe) JFS
nAF Ye 20t wEA FFI ARAQ HEHRA WS 23 4
BEEFaEY 28F Wste 9 Y QY AEZFIE HYATFA 1
Agojofd | xA Ry ATl FIWFL ANtT Utk

B ZAAME JGOFSE Al T adoA Aesin s Axpga=" 33
Z2EZg AL gt F, HALAEA 9 & AAF 33,
24 Z23y Holguolld o3 AE: FBR4e BE¥ 3, NAH-AHF
P-1 E49] golglulol2 3 HAHL AT YT AP L o3 A 1 &
Aoz MAFE FF So] YT A 2 A0 2TE JUY, 5L So] Yx wa}
A BAe] AxANE S A3 F3E7] YAME AR Fol AFI] FA oL
ata FFasyt HA3] mesojor 3y o|xtH 89, AYF, P-1 wAHS]
dlolejul o] 23817} o] F ol Ao} 3l7] wjRoltl ol F Holg Hlo|lAE EFA
EA, Aty EA To 3 ZASHolof . HT BA FRoIAF FFd
A olalg Al=7}t AlZE 1 108 Longhurst (19%)= AAA sFLe o)
71Z0) o8 TR Ytk F3, FF I, T T FITFHHQ o2y Y&
4 zAle A% AFAE A8 ARFHQ AL} olF A foyt 1 Fx
ojuld B e "o 23 (quality contro)® 83 na=Ex &3 o C
Wy A9 &) 7bA] 23248903 (Carpenter & Lively, 1980) 53] 3o 3
A AL 449 A327E T o]l Felrt Ha oy dZAY
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o ARE R2A WEF Yok FEAEL 3L /HEH P-1 549 F34 9
3 Zo] uigAsick. ol Age AHH, AMF dolHu 0|28 r} FII3
o Aejsta 549 o "520l7] ot

T Z22Y Tk, 8479 dEF £ Yol AFAES A3 8 4R/RT
3 Yol A& ABEFIE T EAY FF L A= HEETI
Eo UF 87759 XAQFL o 1%~5%= olFd FaojA =AM gro o
A WA Jdeigth 23 a3 A4 g 847 AuEES H4 5-40%
siA HAd 9~60% Ateld) WA E Zer. Iy 3 FFIAAA HEEFA
€9 Agde 2 #7uste] BE cichl ¥lgd P ZAlet FEEZTIAES =
AAg el g 77 A ARG FEolnE AEEZIE dF TEZIE
o] AHlAEEE FAIVIE AHT. AT AFAeANN HEEFIES FE
F, ALY 3 FEETIEY Hol AFHE ° dobiAE olAAAE Y A2
39 JEDANA Y BEAEE R ouA 55 i BEE AT, YA
Welxel AE Ay 30 F2F 71EARE ALEED ol2id #H A9
ZAL A& Hola Ar|Ho R F3Psojo} 3 AFJESL AHATZEE ol 3=
o ¢ F8F 2wt 2 Aol
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Fig. 8-4. Vertical profiles of temperature (- ), salinity (——), sigma-t
(— —) and distribution of phytoplankton cell number (E&:
dinoflagellate cell numbers) at each station on the J line
(COPEX-E 94). * The figure on the lower right side represents
the result from the St. J4 (COPEX-E 93).
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Fig. 8-5. Vertical profiles of temperature (- ), salinity (——), sigma-t
(— =) and distribution of phytoplankton cell number (&&:
dinoflagellate cell numbers) at each station on the B line
(COPEX-E 94).
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Fig. 8-14. Chlorophyll profiles along the A-line.
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Fig. 8-15. Chlorophyll profiles along the B-line.
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Fig. 8-16. Chlorophyll profiles along the D-line.
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Fig. 8-17. Chlorophyll profiles along the E-line.
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Fig. 8-18. Chlorophyll profiles along the F-line.
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Fig. 8-19. Chlorophyll profiles along the I-line.



Depth (m)

Stations

J-line, contour interval = 0.2ug/1

Fig. 8-20. Chlorophyll profiles along the J-line.
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Fig. 8-21. Chlorophyll profiles along the K-line.
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Fig. 8-22. Chlorophyll profiles along the L-line.
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Fig. 8-27. Profiles of daily primary productivity and chl-a at st. DO2.
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Fig. 8-28. Profiles of daily primary productivity and chl-a at st. D04,
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Fig. 8-31. Profiles of daily primary productivity and chl-a at st. F05.
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Fig. 8-34. CZCS scenes of pigment during August, 1980 and 1981.



s [ = = %4

1004/%2 <5 5 -10 10-50' 50 -100 100 ~1000 >1000

1277 25 124° 1257 T, 1267 T
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Fig. 8-39. Standing stock of copepods (ind./m™3).
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o}, Simpson-Hunter criterion parameter 2 ¥ %7} A4S ol2d HAE
2d g A9 d=2A 2AN7|Q #AF ANZAARE AAGgen, A¥E &
AL AT A5 g3 =ostHrt.

A 2d 2d g L A

7b 2zt =24, 2724

Ed/ig @ AHAATFEAN 229 FHARAGS] 5 WA Subgrid
modeling 71& EH3AT. ols FAAL slgoe] EA3l= TF 3 dSAHA
A EAQT Ao T JAHE ATE 2AYe 247 A5F AFS 9%
o i AZHAUAY. Ay AL oo} Zo]l TRARFA Vel FAET
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U, 1 a(Uz)+Li(UV)+ gh 9 () (1+K,—hy)E)

2t T Reosg az\ k)T R 38\ h )T Reoss oz
=lgh‘—’ tan¢+2wsin¢V—K,,J@h;£‘75 U+F, 2.1)

A4 1 o (UV\,1 3 (V:\ ghd, o
3t T Reose ax( ) )+R a¢( ) )+R 3g (7~ (1 + K, —hy)E)

2 2

Rcos¢%?+%;—]+—aig—3?—él =0 (2.3)

Q714 x ¢ A AE, U V= rx ¢ WF mass fluxE vedt
h, 7, Re $AFHMY 2 AutAae Jedth. K,=g/ C*2 §AndA 4
E Yegdn, Cx Chezy AlFeldt. (A +K,—h))E= 71238< JEhH
(1+K;—hy" )= modification factor, K, h;'+= Love Number, Ex B3 2A&
el goltk. F, Fye TFARFAGANA GRS Yepig. dFE4L
& SGS(Subgrid scale) Bd#E MEdE wigdsie Jl&do. FFHAAS
(Eddy viscosity coefficient):= Smagorinsky (1963)¢] /W de] Jzt3le] A4S
ot} oA SGS EHFEe £9e 19803 FukRE oln, UM 23
Q JuHFAANA SGS 2dH FHEds RAATA (1992)0] 71&€ v U
t}. Blumberg and Mellor (1987)% o] 7ol %¢-& AJAMsE 32 Mellor
(1993)7F o122 /Md& =13 v 9ok o] A¢, dRIMHAFe Al 2 33
9 g2 HAYE £ QA Ho dFEAS B gdutFo =z g4 5 A =
o 2do) Ui JlE2 olFA F (1994)e) 3] 7l uF U

. 235 24

18] F73AF SAIEG M) AEZAA WRERAS EA AFTE 23
o2 RAMNE, AL A7 AAHJAY  ALEEnAEE 23 FARD 53]
A4} e] A (Numerical scheme)S $92 5 (19874 71&d n} glen=
AR 712 AFEln, B AFaAdAME 53 yEzAT A4A 534
2789 A B3 o]2F ZFWA FINAT w, h,0,w, Uy B, 0, WeE
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FE9 7%, FA, 25, AEAA 6}1014 AF olsEH 439 R4, F
A, A%, 3FA FForo AF o|FEL 4L Uedux & o, o]5F
ol AF & $FF BEWF YL ot z%ol Uetd & 4.

o _
b4 2 () - (_ wo—w) =0 2.4)

oh,
a7 +—aa;(u,,h) (—‘o—w w,) =0 (2.5)

2o (uohy) + 2 (k) + ghy o= (hy + Ah) = Grav=1uw9) + (rs—1)] p, = 0
26)

O by + -2 (12h) + gh-2- (h, + h) — (uw—Augw) + (r—1,)] 0 = 0

ot ox B gx Mt oWo) TRET TR0

AAM A 0/ 0,5, T, Tpe BHEH AWM RS 2zt Yl
th. 3o EF, v 9% 3E, dfAnAE S FAE F 39 45 2
T 39 FA9 st FAAL o839 7t 2R of e 213& o] &3
™ Abbott and Torpe (1963)ell 23X 5] #3H ’4 < ol Fo] A
At

|

>

[ (u,—x)—ghl [ (u—x)—ghl — Ag*hh,=0 28)

Q49 = TAFo R 23 o] Y 4 U (Vreugdenhil, 1970).
R A N S 290

. ub,tugh i &(1-Dhh, (u—uo)zth] 12
Y347 T, T h+h, (h+h)?

(2.9b)
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X108 BEHY AREE, x5, Yine) A%EES dehin, $39 2
East fr&zel A WRFHEATY) AREA o] AFRS & & Ut F

9 A=AV Qe dFEEY A9 Buve AgLre A 433 o
AEEe] ez Yehde ¢ & Aok 2FRAD9 3 FFAA 73
& g 54e) aFRolAM WEQe) ARy AdAME &9 Fape ot 2
< WAZ Z(radiational condition)o] A} 4 UTh.

09 09 _
ot TCa; =0 (210)

oA C= 232499 A¢ Q92 FHE JAEEES Yehdt, =

A AR Y ARRA] ARSY 95d B A9 o, dA 252 TAF 9
AEETo R Fod g 7Y £ dow, 2 237t e PR I
Al F S Axold, EF o] BddE 7S Co gu 7L AL
AdlA AdAFH HE e o v]l$ T8Itk FHe 520 TRIE Ad=wyg
AFATS JE7 Co #A3L2 AAE A2 L& d wj$ PsA FLsy o)
o g HEsA ndA ¥ AS WR ANGdM Y ANAnEs 22
Aol FFS F F AL A2E YT, olAHY HAEAE QA 4%
o] FAo] 7hE3lu, AAl Aol HgAo= oo W FAHo] olP:, o)1= 9
A AxE 54T (Characteristics) 7H'd-& ©]-83 Alite] B AP Aoz A
Ztdt. 43 Rd AFANZRE B9 o, o2 udAPA ©eF o Ax
de (2994 YA £ 8 FAIG s4gtor FAo) 75, e Asfolg)
o 80| FrtHo 2 Exste BFH Ao dEmde AH$s) o] ¢
W Co Aol He¥ Aoz AGHTH o] AFY AFAE 22 EE B A
F28 o Holt}

WREZA 3 B o} Adfe] A3 Ao e AFHE AL JE FEX
2 =Mnd Ans °]%3}°4 Aol b3y, 3R 2AE 47 Y%
BEFE B2 A =8S "o g v g 9 Urzdse) 39
BFHA BAzRAL (210)° o] 8% F UL Ao g AGHH YrREAI}
Z3A AR QAdHE dSAIAdAM Y R8s RdARe] HEAEe
°]88 4 Utk olF ¥ B 1adx A7717ESH oF 200 m 4419 AL
Ao Al RCM-7 219} TR7 1HHE o]83 @A aZo) Ao, A5 E5-E
Adsde. a3y ADCP AzelA wEA AXH4e 73 Shears

[\V]
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baroclinic @49 £A45 AT Ut 23dE AF7IE L= RCM-7 3
e @riARS A, AT FUe 55EAE FFF Ao

A 3d BAdAF 2 24, £F 3TFA 9=

7t 29 9

g.EgEIee 2Mx zF 2dFHL H3A4 @ 2 GFY BA
Ryukyu@ =S ZAA=Z 3x Bo 2 g3 ALe ¥y, 5502 U
ANYPL AARSE 994 d3 ARFE FAIAT. B A7 T AFE
A £33 ARAYL 71 Kang et al.(191)A A183 s =( =3 A3
A Ap=1/8", Z=WF AARH, Ax=1/6" )2t FF4E W= (AL
ARDNA, Ad=1/16", AERF AARE, Ax=1/12" )9 AALE F43A
o BT 22742719 ARZ FAY 2dgdde] AAYTE Y 9-16 AAE}
ad. AFA FAFT 2dgde £4 d8¥E Y3 SYNBAPS II Data Setst
= NO0.836, 302, F-323, 1256, S-418 5= ol&3lyor, ALdR F4xe
a8 9-20) AAEPT. FAF T I BEY g E A ZAAAME o]
27453 FAREIE Ao AT FAV A ok FHAGE ol
uE AAAz uwaElr] 9ste 22 o] 3436970 MAAXRRE FAHE
AgzoAe] RAAFE AAsgen ole AT I FATA(1993)el
AA A vish 2o o] AzGe EAL A7t dHo] ol F AL FrIvhy
of FW9slA wEn 2y Fdde] dNHo=w F g F& £ F JoenH,
FaEE D FFZ J92 YRR 9, FAx 48 A 589 AAR FAHRA
o $xAFL 94F 3 AAAE = FA % (Nishida, 1980), KODC, JODC &
2 E3) $£3AF Az D BTAATA (1992)2] BZAFEE o8l F8 44 ¥
Zzo U JHARE nlAsP. ZdALL ) 2 M, 48 YA ViR
Zz AR(M, S, K, 0))% AAsat 2d 3 2 HES A3ty AMS3
z29 W4E o@A4 2 Smagorinsky formulaol A AM&3 AlFZEA, vl ZA S
= 0.0023-0.00252, Smagorinsky formula A4+ 0.06-0.36 B9 32 AHE-3}
k. @ AP AN JxFL 1A Ut 2l FFE AT AR
= 1986d 1-39 §-n T EAA ST AP F4525 9 Choi(1993)
71 B4, AAR ARE o] &3A
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U 29 4

ARz A ANAR} BEANE o= A= APsHstel Ba) B}
7] Aste] BEA NN ZRAES BHAE A2} 4] E2E olgdlo] AN
¢ dE asst wdANAE G4 4T ket 2ol 2 A2
e ARAAGAN AJY AHE A AANPYE. I 938 WM 5

(1903)9] ANE FHAAAAAGAA AV 2o D)% 249 GRo] AAL
Az A BERAA) (19869 19 1393H 3027HE HaF Aol
A8 RAEs MRg AE 28 9-19 AR ANFAG. 1F 9-361A4
o % 9t Hig o] H2L o AT WAV ot AN BEAe
QHe ¥ ANBT Y 9-4= 1Y 9-10) AAY SHHAFNA AR (Y
s AEA(AAE 1Y 9-33 FLAL G vEF AU, AdA e BE
A YAFEE 19637 A9 Mxd ol Ar dde FAos A
QAR FAY ARAAFY A 1/12° x1/12° 2 7= AR

olX

(=3 AARZ, A¢=1/16", A=WF ARNRA, Ax=1/12")3 FAE
fEoz wedEg, ot FEAHIA Ao HAE Fut G2 499 3

9] Agxo) & FFS vAA FS eI
AAAHQ AALA7 vuel 27|l 7 ANHFAM ZFZRIFSF
B}JLS . E 9-13 9-2¢+= Choi (1993)7} o=l A& Sources=ZH-E A}
At AN G TFFAA 2F 23} AFF M, K B2 0
’?} H]-u- ZAgoltt, #ZX](0BS)¢} vl A4X|(CAL)E SHAAYES ol &3
Axg Astolty, M9 A% FFAY F4AE7}F fle FA= ZF5H AF
A2 gte HFF 2 AP H6.1ael M, v ZAAE HH AgHO

2 Zard ARyl #E2AAE AYS) 43 A AT LS 4 5 UG

E3] 33 R dd AT ASH(FDBAAMY f49 A= FEUT 3
o K, £z9 A$e AdAHLRE {49 A7IZF Mol vl3)] ofF Atk 1
g 9-1d] Jed 10M-8NA FER9F AR Mol uvAES mms
amplitude difference= 10.7(4.8)cm/s, 7.5(5.5) cm/s°]X, u,vA¥ rms phase
differencet™ 19.5(14.7) °, 10.0(8.3) " olt}. #EZ <o) gk HAAJE & A% 3§
749 AZ2FHYM2)E ALY FFolth  olu x, yAES HFEF F&(FAD
25.5(4.8), 36.8(5.5) Cm/SE}ﬂ #Z2A 9t = 19, 15%2] WAE B A
o] o] & UAF FFH FEFAAME I HAIT % FA UEgIIE &
. K, 29 A% u, v"é—Er———l rms amplitude differences 2.7(2.6)cm/s,
1.6(1.3) cm/s°©)3., rms phase difference= 63.7(46.9) °, 28.1(26.2) * o|t}. #Z
A M2E ALE o, x,yd&Ee F5(3AHe] 39(26), 7.4(1.3) cm/selBE #F
¢} B 67, 18%9 HUAE B x RO MyEZd vl3) Jjdoz HAAsL
3y, ol ¥y AW f&o] AL AR O Fgo] A JHAA A,
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HA7F Myel Hl3) vjwZ & dl, old digk AAMGE HEIV e d Aoz HQ
tt. 2d ZHZFo| o]&-5= parameterd] g F71AQ 1HE T3 2d A9
FEAQ ale] dddd

Table 9-1. Comparison of the M, harmonics of the tidal current at the
Yellow and East China Seas. Depth denotes the depth of

current meter moored.

Station U am(cm) | U ph(deg) | V am(cm) | V ph(deg)
(depthy | 2D | Lon(E) FoRe T G AT TOBS | CAL | OBS | CAL | OBS | CAL
1(48) |34 " 18.1124 " 41.5| 133 | 14.7 |1115 |126.4 | 43.7 | 42.1 |358.5 |354.7
F(70) |35°13.8{124°443| 50| 81| 72 212399 | 427 | 194 | 16.4
D(41) 36 °00.1|124 " 349| 15.1 | 13.8 | 108 = 13 | 26.1 | 27.5 | 63.3 | 58.0
B(38) |36 ° 569|124 °05.0| 186 | 17.4 | 44 109 | 32.8 | 29.0 1462 |135.6
SB(110) (28 * 54.6/127 * 150| 11.8 | 6.6 (3399 | 09 | 7.4 | 4.1 2187 [227.7
MS(32) 30 * 31.2/124 * 48.0| 359 | 46.5 | 59.0 | 31.4 | 342 | 41.3 2669 [283.1
M5(20) |32 © 00,0124 * 30.0| 532 | 52.7 | 61.0 | 63.2 | 59.5 | 49.9 |3243 |325.8
M2( 9) |31 ° 234|122 222| 409 | 71.4 | 836 [107.1 | 50.3 | 33.1 [305.8 [325.1
M4(25) |31 ° 15.0|122 ° 46.2| 444 | 382 | 63.8 | 94.5 | 44.8 | 38.6 3124 |319.1
M7(28) |30 ° 19.8(123 ° 26.4| 32.0 | 362 | 52.7 | 45.6 | 43.1 | 50.2 |298.8 [290.5

rms difference 10.7(4.8) 195(147)  75(5.5) 10.0(8.3)

Table 9-2. Comparison of the K; harmonics of the tidal current at the
Yellow and East China Seas. Depth denotes the depth of

current meter moored.

Station U am(cm) | U ph(deg) | V am(cm) | V ph(deg)
epth) | F2H®D | Lon®) FopaT AT ToBs CAL OBS | CALTOBS | CAL
1(48) |34 ° 18.1|124 " 415| 2.6 | 39 | 793 | 652 | 12.6 | 11.4 [2532 [242.1
F(70) |35 °13.8[124 " 443| 24 | 1.1 [127.3 1260 | 104 | 11.8 [252.0 [243.1
D(41) |36 °00.1/124°349| 14 |20 (2309 |1489 | 88 | 9.1 2572 256.4
B(38) |36 °569/124 °050| 24 | 23 |1443 1500 | 5.8 | 7.3 2723 12749
SB(110)|28 ° 54.6/127 “ 150| 17 | 13 | 105 3050 | 13 | 1.4 1364 [141.1
MS(32) |30 “ 31.2[124 * 480, 32 | 65 [319.4 [304.7 | 43 | 6.1 2657 [211.2
M5(20) (32 ° 00.0{124 © 30.0| 10.0 | 6.0 |333.1 320.1 | 9.8 @ 82 2565 |236.4
M2( 9) 31 ° 23.4/122° 222| 20 | 50 [188.1 3323 | 75 | 4.5 2948 [253.5
M4(25) |31 ° 15.0/122 ° 462| 8.1 | 27 [2450 3357 | 58 | 6.0 [2769 |269.2
M7(28) |30 ° 19.8/123 * 26.4| 2.9 | 45 |3100 3143 | 7.6 | 5.7 |182.0 (2322

rms difference 2.7(2.6) 63.7(46.9) 1.6(1.3) 28.1(26.2)
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YA 2l AZAHZHE VYL o, B mde, IAFA ZHdZ
2o} 4F3 BE2AE Aoz WHAT dehdEst Ale AFE A2
A BEY e 2FARA B WFF, 2FA52%E 2IsAudA ADCP

AR 27 AE AA T FAATECk F83A ol&E 5 AL A=
wadn.

29z 298 wyez 159 44 ANY ARE BAS AN M,
¥zo K, Bz ZAEE 19 9-5 9-63 2. ZAHTA AN SIE
& ushiE, Fde $2AE Ugdg.  AAdE zAEE J)Ed 28

Ogura (1933)4} Nishida (1980)9] ZAx st AIE dx sy, nlFEas 3
g AR B F7HAHRI WHFxTd 9% A" ANAdE FF 21
o ojtt.
M, K, &z 9% x,
M, 2z x43¥{ = yAE =
emls ©13S xAAE fEol YEdE d9de A9, R GA", M3
9 3 F £2 10-20 em/s A
55

ol
o
B
o
ngm <«
o
3
2

L
£
Bu)
L
fr
oL 0.8.

FalF I y4

B #FE4E 20-40 em/s2A xR FEET Ak giFAMEY] 200 m TFAA
I 10-20cm/s x,y AE SHEHNL tig AxF

ANEZ R 24 2 2F 2344 Data basedt HUon, o] AgE
E3 27231449 3¢ ADCP A82HE ZFAE AA 48314 o8
F Ue Re=E AddAY. ZFAEY AS, dFBASAFEE o8 FUHFHQ
AE5AAE 24 2FRE AT EFHd o8-8 o Fo|th

7 24719 2RF AL

+P8 2Ye olgstd F-EETANMN M, Bze g IS A4
3ttt 18 9-8avw M, X 93 Eulerian Zta}bFoln, 13 9-8be %
A 23 A4w Wiemold. AR A% AP FF ALY
4 em/sol AR A AR BASH, AFTL BEP AGAME AR &

—378—



ALY dF7F FAHE EAHL 29
At T FAtole] 1-2cm/sol
veldtis Folg, Oy 9-98 E uj, o
X1, FIFAGAME FH47F FdiFor Yel, o &Eo Y
(Geostropic Balance)2 ©1Fi &< Yl o] EE2 3o A
AAFAE A#/=H AAE = Joiur BT i"}‘%’lE A Q¢
< ot 53 550 dEhue, A7k Mgt M wAlA wake] zha}
7F AAEAL, ol AFEe dA 2 "’%‘?l BollA WRAIAMEE 2 AJA
Fakol 9tR/7t AAHE ©l ol A e A¥A Vortex sheddinge] ¥4Z
2 Ugd 5 3 ddEHE 55 ddolt o] Ade 934 FHdA e
Ue Al Z2 viAA 33 S8F WYY Ay ddas FuEy, AR
o Atde AFHE Tt WA ¢VFE A9 oHLe gAY Axe
%"—E’i"ﬂ/ﬂ-—] 4&%"“ o 7‘}5‘}% E*J-”l}‘l}— *ﬂ—rE Tl FFE vx= ot

[O o :(N Hl

51‘—’% ]°] 4 d*&°§/‘1 A4 %l Eulerian ZPZ}% A Ao W3 71&3
gou, AR F FEL 2 279 AY £ AA BEY ARYAAA
T ARRE AUl EFHY 2PHYe) E4) 502 AEARINY 2
M71Q @Al geke 44 @ gy F-5F TN AAF S4e
FEIedAY LB olF T3} e ALY AT Zu3 A=Yty
ZHNE WS FRY 840l BEE 5 IAF 549 FRATE &
o 2% AZsojof & Aojrt.

ZN7I0 £F54 A

A BN Fe, G AHe) FHe
A

+

oz &A Uk A FeFFII o
2 Ao R CEHT, e =AA
(1983)7} Lie (1989)ell &3} =A%] 71&d ul Aok, B AFdM= £A 474
AR A4 AA D W AMES I3 FAoA ] BdANAAE o] 83y
Simpson-Hunter criterion parameter®] FIHEXE H|w3ta ZFEAo] o, F,
AZAY AIZHAst EAE Holmz F 29 ulxAl9  Simpson-Hunter
criterion parameter X HA] HESIa A 3o},

I¥ 9-9= M,EZd <3 Simpson-Hunter criterion parameter S
(= Log(H/U?)) BXxoltt. ®A Lies) 23to] 7148 nis}h o), Agal, A
718 gt A g 2 FI3EL FHCA parameter S7F 2.00]3819] ZjE 2A
3ol Yehde sliddo] Yeldtl ajaAe] Al Hd S BX EAL LiedlA

L.

=

=
A

9]3k @A+ Beardsley et al.
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9 Z 9} AR} G EAEY D A dore SSHE S44M3 gk
U=z . ASAEE BAZ 39 dF5EHgAE YA =
45°]3}-—] -rZ]E oy} Ao ME 1 o0 2 %2 2o FHFHoRE 2F{Ho
g EFAFAI} ¢ A AYS A U

3¥ 9-102 thZEA)9 Parameter S ¥XXo|tt. 71N §&& M9} S,
Bxe] JF &L o83 AP HAAHQ HEe HFFAS} H|LE}
S7F 2.0 ©l3I Fo] FAZWR T} 33 FFH EAFL Holth 4=
w3l BE HFFA S=259 MHo] tiF 209 Mo o|FFHYL L & 4 Yuh
HaZ ot ZA] Parameter S 3t EXE vlws] B9, g)2A9) parameter St
BazA 9 TSEAlA 058 W 5SHF X = gzA] 44 Ao = 9l
3 2AETH AFUt 4530 a0 et 712 2MAA gddo) PTG, s
T Agae A$ Sy 209 A& 7]—?1_‘—.9_i’3’ “ﬂ Bz vd] glzAld] =4
AMo] fF o2 20-30km AL FHH F UL YA FY. EF 2 2n
S 7"““““‘“ 3 BV HazAld H)E| ﬂ?ﬂl% 2 100 km A=A X
BFE  UASE B F3 o ol 45U AT AzFFRe wal A3
B 3“‘1101]*1-4 —;—%,‘E-v-«] BATZRIT A3 Wzl Jo) WE PEH 9
AZE, FHEXE A3 S F ULL GAISH

A5H AE E AA

7h 32 &8

- F-53F dde =24, 2F dE3A 2" 722 g8 Fr] FAREA
5E o18% oA F4A%FE 2d AZLS AAGT 9 NFoAe 28z
e wmnzan, #EFAS AXNRY Mo xyAdEe BHFSE(ms
difference)°] 25.5(4.8), 36.8(5.5) -cm/s2A @& 9} Ul 19, 15%<] WAS ¥
Aok K, 29 A$ xyAE T4 (ms difference)ol 3.9(26), 7.4(1.3)
cm/s2A FFA o} B 67, 18%] WAS BT olge AZAFHE Z9 9
3] ZH9 Fz3r wsist il:]—t- AE A, 493 =22 AFo)n,
Add 252335 P 59 ZA=2dAM i 80%9 A2 2FAHES

S

AAZ & AL A

- HAT 2=, A4 37 7—12}‘%}-4 3= (1/12° x1/16 " )= 593
) A =F 5’.7} 489 73 S A9sie FEFIEY 2/5PR0)
a3 —E—°k-°4 %7—*]% TFA7IE dl FEF AYEE A¥gn Alsg

- ZeFHA ‘a‘%—}'}-‘& A7 550] AMEHRLH, ol s FA]
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Gl Me 24719 23} £947 B FHALNAN Eolx FAEHE= ANIF T
& w3t ok

- |ZA] Simpson-Hunter parameter gt ¥+ gk P zA|e 5SSzl
055 W 5S4 LAY, RA {4 Ao Q3 2HEY a7 A58
o 0] wa}, S=20% 7|Fo2 & uf, 7|2 ZAAN 99
20-30km, AAl= 100km o] == A4S B

- AFHLAN 2F 2 ZAF CF9 AATE FFATIZ YA AN
AAAN Y QAR BT F4, AJAPEER 1H, HAFES] Ut o1&
2 8o A FAARI 79 EF 2XANgAM Y AAAHUE 4R
2t 3553 A} AAF dF L 2HASFY AFEE Fole Wl 5
A Ao 2 Algddh

12 P

- G EEReoNY AR 44 2 AAHE BAF 277 $4 9
8 24 Aws7] gEd 2dANL $9 BAFY 2F A2 FULES Fol
7 QHME FEERA NEEZ BN AU F4AE JuE AP
A=} A AR YEAA 720 Yasi

- FEEFoAIMNY 2RES 2o B 380 dstd 4 Bxelel 271
B2 23447 ATHE v g 2 F2EAAAS) AZAR S8 xo) B
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- H2zASN 2R 97 R TP E4TLT 22 A ARBE
52 B8 422 A2 Y5 P& 712AT TA o AW2THe) A2Y2AA
F&0] R



FnEY

, 1987. AT 2E ARZLAZA AA7YY AAS} Q7. FFAE
‘E:rkx_i_u“], BSPG 00043-157-2.

olFA T, 1994. TFZ3 Y o] M-S A% FF I AF et F4Y
719 (M) ZA}D, AT 22 1A, BSPN 00246-711-1.

BAREA] 1992, FAHFE ALATREAS(FALYE) Q7849 BA,
305pp.

471t 5, 1993. 7F2" ZEMNE 8§34 A BuA, A FAT LR IA,
511pp.

W3, 1993 33 2 FFFASHoNA AFHSZ. 5(4): 414-426.

Hn

$9e

o[n

Beardsley R.C., R. Limebumer, D. Hu, L. Le, G.A. Cannon and D.].
Pashinski. 1983. Structure of the Changjiang River plume in the East
China Sea during June 1980. In:Proceedings of the International
Symposium on Sedimentation on the Continental Shelf with Special
Reference to the East China Sea, 12-16 April 1983, Hangzhou, China,
Vol.l, China Ocean Press, Beijing, pp.243-260.

Blumberg, A.F. and G.L. Mellor, 1987. A description of a three-dimensional
coastal ocean circulation model. In:Three~-Dimensional Coastal Ocean
Models, Vol.4, edited by N. Heaps, pp.208, American Geophysical Union,
Washington, D.C..

Kang,S.K,, SR. Lee and K.D. Yum, 1991. Tidal computation of the East
China Sea, the Yellow Sea and the East Sea. In:Oceanography of Asian
Marginal Seas, editor, K. Takano, Elsevier Publisher, Amsterdam, 54
:25-48.

Lie, H.J,, 1989. Tidal fronts in the southeastern Hwanghae (Yellow Sea).
Continental Shelf Research, 9, 527-546.

Mellor, G.L., 1993. User’'s Guide for A Three-Dimensional, Primitive
Equation, Numerical Ocean Model, 35pp.

Ogura, S., 1933. The tides in the Seas adjacent to Japan., Hydrogr. Bull. Dep.
Imp. Japan Navy, 7, 189pp.

Simpséﬁ j.H. and J.R. Hunter, 1974. Fronts in the Irish Sea. Nature, 250,
404-406.

Vreugdenhil,C.B., 1970. Computation of gravity currents in estuaries. Delft
Hydraulic Laboratory, Publ. No. 86.



1 | {
120°E 125° 730°

A
L40°N f i -
N .
KOREA
[ 350 2 |
- 30° -
CHINA
4
— 25° ~
1 1 L
Fig. 9-1. Regular grid system of the Yellow and East China Seas and

points for model verification.
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Fig. 9-2. Depth contour (unit: meter) of model area.
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Fig. 9-3. Result of model verification with irregular grid system

(solid line: observed, dotted line: calculated).
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Fig. 9-4. Result of model verification with regular grid system

(solid line: observed, dotted line: calculated).
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Fig. 9-5. Computed tidal chart of the M, tide (solid line: coamplitude(cm),
dotted line: cophase ).
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Fig. 9-6. Computed tidal chart of the K, tide (solid line

. cophase ).
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Fig. 9-7. Computed co-amplitude line of x component of the M, induced

current (unit: cm/s). (a) x-component and (b) y component.



Fig. 9-7. Continued.
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Fig. 9-8. Computed Eulerian residual current and sea surface by the
M, tide. (a) current and (b) sea surface. '
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Fig. 9-8. Continued.
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Fig. 9-9. Contours of log (H/U?) in the Yellow and East China Seas
during the mean tide.
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Fig. 9-10. Contours of log (H/ U?) in the Yellow and East China Seas
during the spring tide. ‘
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A 1A A& E

Hgigge] AMARAF Kuroshiors HEE AL Filo FFI3I=
d F USAES g B5F%o2 20 YREY 432 B 32 9
Z9] Tokaradl @& 53 BlP LYo =2 FE9oh Kuroshiod €d¥+= 5738 o
F3402 4= dyrdF (Taiwan Warm Current), 3337 (Yellow Sea
Warm Current) @ tuldH (Tsushima Current)2] 71| d=H, 55339
e 71 A0 R KuroshioRHE A5 Al ¢F (warm currents)ell
o3 AR Ao

KuroshioZ#E ®A =0 disPdS 53l A2 FU=Es diohdiol &
3 A= Uda(1934)old] B& galEd 93 sd= A0k Nitani (1972)= T4
At A tHuldF7t KuroshicZ25E FAE §F A£39 79 Juy=
39 FAzE 4 2L AAEUY. 2y FF A FHEA AR
obd {47 Kuroshio 349 $538ie Adsrt EFE 542 Z2ed
(Lim, 1971; Sawara ¢} Hanzawa, 1979; Kim %, 1991). Kim § (1991)2 o] &
45 %29 34 (East China Sea Water)2 B33lgon o] e i
¥ 21399l Kuroshio ¥549 AWl EXFcl Huh (1982) NOAA HAM
AR E olgdly QoA AFF EFSFY FF ALY HEAHA
Kuroshio®] o] teldH B4 71498 Busiget.

Wang 3 Su (1987) 2@ Yuan 3 Su (1988)= diebd {71 digh B5ZlA
FAE drdF o dFolztn FFsH oM, Beardsley 5 (1985)3#% Fang 5
(191)& EFEFZH=28e Y-S 53 5382 #d2 {7 tiuld i
9] 71Qolgtn FA3AY. Seung ¥ Nam (1992) 3} Li § (1992)2 EFA4E
o] S48 ALHoE Wang 3} Su (1987), Yuan & Su (1988)8] FH= o
ot i B5EgA JAE dintdie dFoln FFAG] A% A&
Holl&= Beardsley 53 Fang 59 FZUZ dFId=3g gy e 53
FEFAE /99 AF7E divkd i 7de] 28 SFEL S o] 83 AAF
Ath Lie 9 Cho (1994 HZ=2Z AFAA FAHRolE o839 dinldF{7t
TAaHAEZe F MR FRALLZRE Z8A §F T2 Y922 20

Minato ¢ Kimura (1980)= AM3AAFY 3439 ="zl Toba &
(1982)2 B5 =39t 2717389 THAS ¢A |, Fang 7 Zhao (1988) &

p=r}
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Fang § (1991)2 €W MeiBEFd 5A BB FAto] o] gk ztolof o) thnpdt
F7F d4ddn AL 53] Toba T2 w3 P 272 Atol
i el Ade BAIRel ANA FASHE wE T} 27173
o A A5E Aole HebdiF FEF AMWs dAFL A
Minato & Kimuraw 9§ 3¢t 2 AXAF-2 2= A3 (marginal sea)}
Rl AAA npS nF AIFRLS HE3d A2 FAEHe MSAAF
o F&Fo] AR nAAS, A} HFH FAHR o], NAAFARY &
ol A3 g2 2A Nof (1993)= Minato 9 Kimura®t 22 @&3 A
ol vt adE FAF HAY 15 F RES HL3o Az FYFol
HEFe 453 A £ AABAFA oIz 3 Z2RFP2 Bt Nof 9
oA teobd {7t GRS ARzt A3 FEHE o] ohyzt ddH
Aol F AW g o) FETH

Ichiye (1984)% Kuroshio FZol 2|3 03 +3HQA WP 2% o]
=2 2EH 26 3] dinpd{rt FAHFES AASAT, Oey 9 Chen (1991)2
T dSE AWM Mz fopiges dH= AdIfrontal wave)st
A3 ttopographic wave)®] FE &80 3] FEAHoZ JIAHE & 1F9
Abao] tiobd® A4 7S 329 FARDL o]§ste] AAT

dEYyS 5 debdm $5Fd B 7= Yi 19%66)°1H HIZ7A
(el Isobes, 1994) B& SASol o8 SR (o] 5, 1994 F=Z, pley).
HRE deldF F5Fo B} A7 AFEstd FHo] RHFAFHL, A
shy AlddsiEg z2e Fr)e] WEAel #eMs x5 AP Asto A
7€ 5 g £ 1€ AFEdAME dFAP S FF AA 5o %
FE dntd i 43R AFIASH, AS5H B ddAY AFEd
ARA 2ok olH HFo] EXd= AEY dFe 2 7Ide] FFFAU
FAZToER drhdFaes 71dS 2t A5 Yyds Aad 5
% Wt dldl AR E Boln FAC HAXE Hole wkd (YL 1986;
Toba, 1982), AR AQY F&EAF AT F54F ¥Hile FFdxd met 53
AARSLE Helxl @AY (d, Egawa 5, 1993), AE¥syl AXHD (4,
Isobe, 1994). 937 ol Qs Aldtd 53 AFd fFASE ungoz
ARG £5F B3 2717 Fou, F odgoeR Agd dE e FA
grdre 42X 43 A A%E Holn o i £ddRd 9
F apolz 3t AEH whfel 3 ANtE FEFo] AFH FEFRT FE
#5328 £ Utk A=A dFAPS T debdFo] s 8d F
@ AT olFo ¥ + glon, FF AAHon FIAHQ AFHAZ &%
o

rol

o s alo

obd i ol AAEEE FEA7E o2 ZAAHQ v 3 (Huh,
1982; Ichiye, 1984; Kang, 1984), Kuroshio 4:4%¢] AAZ<Q W3} (Ichive <+



Li, 1984), A3 i3 oA stAl 4538 (Sekine, 1983), digaly AFY
Fo) o3 43 (Isobe, 1993)5 0] AAHAT

Seung ¥ Nam (1992)3} Li 5 (1992)2 £¢Rd-S o]83ly tiupdiFel A
AHES 47394 Seung 3} Name] Ed A oJ3pd Uil S 5319
FIZ2 FYEs A5EFE4F L dAE nl@AS, Kuroshio® Ziole} {5 3
Ao $£A¢] H|-&, Kuroshio® #4359 Wsld o) JaFL o} 9 8
JEL AA Bud 2 Fo AMWMIE fFEAFAE et 53] gt
53 ¢ 4% FAAQ ulge JF¢E A9 BX ¢SS B a3y
Hellerman ¥ Rosenstein (1983)¢] B} climatology X85 ©]83 Li 59 ¢
ed Asto) o3td UFHPL T3 FHE FYEHe dirhdFe FE5FS
SR BEALD ulgo] LAHT ALAH) 09 Sv FFAG] & o
E2AddE 22 Sv 22 Vet Li 59 23c AAAs & ta FAT 7)
29 diohd{F £4FY Addste) A, FASE TUHEDS o] 8§ Seung
3} Nam9 Zyo= Awvtd ZAAFE HQth Seung 3 Namd] EdYPALS
15°-43°N, 117°-150°E 9] Algtd ddozA Rd AMAAAFY o=
(separation latitude) 7} ZAEHo] & Whde] Li 59 Zdd9e A gHFFS
F3ele MGAAFE o)A =st AA-e) wal B3t Chang (1993)2 AMHA
AR oz e Wy dinpdFe £4%F WIE Y £ USS &
2d AFES- o] &3l AAllGen, & A Kuroshio® AlIEWE oltdxe] W
3¢} Kuroshio 4%< 138 o dinpd{e] AZE 43 ¥syt ¢ 2 Sv
of 23e Bt o AFT Al £¢rde Ade duldFo FE5Fol
Seung # Namo} AAIg 22190 BejHUde iR 8] Wslo] o3 ¥
F 3, FAAQY v o3 G3= FdlFHoZ HESE ARG

T8 XY BuEYY 8292 Takano ¢ Misumi (1990), Hurburts
(1992) 18]35l Yamagatas (1994, personal communication)o] &3] <=3 =it
Takano ¢+ Misumio] ¢]31a U3 PES §F 4T Qdsis TAQ 394
Y] ¢k 38 Svez HUE ez, A 794 oF 28 Svo Hioln F
Aol 108-11¥o= ¢F 32 Sve 2 secondary maximume] YeEb3t. Hurburts
o] mde K o AANYY FHHo=z 649 FT e HUHHEY
eddy-resolving $XRAZA F410] 200 m 1|9l FF =3 AL 2dPY
oA AgHUoY, ETF HZEd FAo] 200 m o) FHE F& F2EE ¥4
2 H7A Fd9 s 1tk Hurburt 5ol 93td 38 =24
dddo] TIAL AL Bejmge] £3o] Ho AAYG FAFS AFE 0,
BAS 53 oldu L ol @z FHEudo] FeHYEY el 2
4ge nIFL 453 5 Aok 2¥ 10-13% 2= Hurbur 59 2d2An= 2
AAbE 19821971992 7ke] B E fYsHe €8 4% € dEsSES Ve
Ao, 11970 #3443 oF 37 Svolry, BAIQ) 290 HAAE Holx 3}

X
rol



A (79789) 2 FA10€7119)e NS wA AMWEsle Te o 15
Sv Axoln, AWz Ee o 1 Sy olt}, Hurburt ¢ 2dAIE 7]&9) o
AYPalA At W] s ANE drldFe ARNEH w g (o,
Yi, 1966) izt o 2 SvAE AX T A3 {A}8lE, Takano S+ Misumi
o AFsk= AET. Huburt 59 2dolXe E3Zs e uld, Agksg
Kuroshio #j4=3te] Edoly diztll - 53 AF-Hd 281 74 AEHA
o AP a5 nAHA F%oL} PuldR f4To] Byoke]
43 WFds A WS Y& BAFTh Oey S Chen (1991)e T
stel FE3 29, 53 2 Fos TPe BEES S ke £
AATY T3 MBI HARNHo] FHE FYHE $4F Wi u=

e 349 AL L o]43te A7 Oey 9 Chendl TRz z 2K
ANE 4% A5t F313 AR S Bol: YA AMWERG =57 7
& AFg WEol $AsA Yoy}

718 FARDL ol §¢ UrhdH WEA BF ATE 2T &9 HUYR
Asol A olRolH}. %] 4232 1T Oey o Chen (191)9] ATo)Al
E F8 240 AAAYY a2 A8 A2 F Q= ARUFRG =77} 7
& Ay WSd RFAHY. wd Hurlburt S (1992)¢) Rl A &A=
Po a3} givlats tieFe) gWslel o8 dolgge WEAo]l $uw
AE-E AR B dToXiE Sad Rddde sde) 42ss uad
A FARDL Hgatd dnidie) 4T £5Fd B FE AvzA
w st g,

A2dFANRY

7h 2 A g

Al 2-8AAE dirtdRe 453 Wsle 98-S nAE 8902 AT §
3t ALE-E QYA & spectral YR (SPEM)d] &3 A/ME o SPEM
< Haidvogel 5 (1991a)el ©l3] A& £2/M¥ F Gawarkiewicz 9+ Chapman
(1991), Haidvogel 5 (1991b), Chapman ¥ Haidvogel (1992)e] <] k& a)
3} AT 389 urt Ao

SPEM2 4% 0 2+ orthogonal-curvilinear ZEAS 18ln 423 Wik
22= o-FHBAE AHEFoZN BFHAHQ SAAA 9} AAR YL LolE
HAE 4 Utk SPEML $H A wgo 2 Arakawa C A& 48 2}
TS o] 83v, Bd W45 $£3 3T 2E Chebyshev polynomial & basis 3
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4239 modal expansion 7I'§& ©l-&ste] Auj WA A HE TG AAZ
t AFH Ay agA4L 7187 918 EE polynomial AlFE T dlAl
74 =2 A49] polynomial ¢ XA (collocation points)ollAl =Ed WHEE 9
AAZEE AL, polynomial AFES FAHNAME AFES=ZHEH AF
matrix Wl o3 7 4= ot

SPEM®] ZA L& layer 2doly level 29 T3+ @3 F3ZHQ Uz
£ d£3FoE FEY & U3, BdFGY Yo 49 FA? ¥y} AL Ae
el dARdo] nE AT 2 FHol Atk GHeZE rigid-lid M8 Ab
g3z 2Ao A3E 13T F 3, UTYAHe2RE #ZF SSH (sea
surface height) A& E ©]-83 data assimilation 7]'JL FAZAM= AL £
itk SPEM o #3F A 714 2 & spectral WS o] 83l 1A 49
E F3t= AR L Haidvogel 5 (1991a) 3 Hedstrom (1994)0] A3tz X
AolMe 2d A A4 L AAZALE 73] Jledd

Boussinesq, hydrostatic, rigid-lid 281 ®]L¢EA4 7FF-S &3l YAy
ANLE FAY BFo R o-FAFA, 2 £HAHOZ orthogonald o9 F
BA E(xy), 7(xy)lA ol o] AT

o 2

() i (B2 4 () s 2 (Bn)

ot \ mn 3 n 07 m do mn
()G H ) e o
(2)5% +-o 422 )F¢ +D.+F.

mn 13 ”n m mn
+[ ( mn)+vTa€—(%)—uTaﬂ(-%¢—)] hu = 2
- ()2 +(1—a)(—2g‘;’—;%) oh +p,+F,



Bt () * 75 (P55) + 55 (228) + L5 (ad) = Ds+Fs

(4
o= po(T,S,P) (5)
(e
F(4) () &) -0

m(&,7), n(&,7) &£ (A&,A7) & AA arc Zols}t AB/AA F+=
scale factors |9, ¢ =1 +2(z/h) 2 F A,

o714
h(&,7): 54
(u,v,w) P &x WEY (£,7,Q) AR,
Po, P(E,7,Qt) @ BT 35 LE, 35 AT
T(&E,72,Q,0) : 29 (potential temperature)
S(€,7,Q,0) e
P D e
a(&,7,Q.t) ! ¥ (dynamic pressure), o=(P/p,)
(&, 7) : =L Wg
g Y VS

Fy, Fy, Fr, Fs : forcing &
Dy, Dy, Dr, Ds : &t &4F 2 n}a3)

A4 QD Q2% A7 x, v FF) 5 AL, 23), CHE SR
e BE PR4E 21 29 Aud3E 4 Jebddh Boussinesq 7Hg ol
oste] % Wke] LHWAAA W Wl TAHUL, AAeH WY}
A A +F WAL A 26)F Fol TAHAT WA 7L Hgt



24 $Ad NP AZWRAS e,
G4 9 olBEE ol gt o] FojAew,

4 2 K55 (5] #am

[ 335 ( Azm g? ) + Tav( A,zn ?9_;>] ; Laplace &%uv}2

A7l g =y v, T, S 29 & ¥Wdolny, K 2 AE $A84 2 $HotF A
%-91d], momentum &4 o)u} plEe] ALE K AnZ HAIST 423 Qe
739-ole Kn, AnE FEAIFH

A7 B3] AARAL O3 Zo] FoZ.
1) sEHAA (o=1)

U _ . (&,91)

L = Tr/("s»%t) =

oS rg(€é,pt) =

(=5*)
(=5")
(252)9E = crtenn) =
(55")

2) AIARAAA (o=-1)

2K .,
( h )g_g = A (&,9t) = —rul,—
Ko
(zh )% = h(&,nt) = —rvl,qy
2K, \ 3T
( A )a_z = th(&,nt) =



( 212"‘)3—‘2 = t§(&,9,t) =0
Q

o-HEANAL FAEE 2(xy, 0,0
= 1 — )9k — )y 9k
Qxy,00 = [ 1-du 5; T (1—av 5y T Zw]

z2 Fojyo.

A71M (1e , T, )E ABHAMY uFSHL (11, 5 )= HFHPLS £
FAHHY dedel F5F (fluo) & Jehdd (18, 1,") 2 (o, 1)
AAFANA Y LFF D Do FEFE Uit RN 437 &%
AEL rigid-lid 713 AMESI e 2R Oo] HY, HAXF L WE s-FEA
A AP AL JREE 0o] Hr}

SPEM oAM= F714 Z3AZ3A (periodic boundary condition) ¥ #HA® =
d g0 g FHAHQ BAZAL A48 5 oy} MUAAS 2 rddy
Aol dME AR FARAE AEsiool gtk A AA A=
no-slip £z1o]t} free-slip 21 AMHE-E 4 At B AFoAE ST AN A9
€+ 9 forcinge 1 3A] L HEH ulFe 3 forcingTHe w30, A
A ukEe AENA 9 FHEE PR M¥PFHo 7 nasE Aoz /1Y
o 2dge e fEedde] WslE golstA 1elEr] Ysle Hyggdoez 1
3T, =HAPA AL free-slip AL o] &3P}

e e

g, FARD 74

FARD S HEP 2dFde 13 10-39 o] i HEE 18 /§Y .
FETE 2t A8 =2 7450 Qon, 53T A9 $4L 350 m, et
TAHL 1050 m2 LA S5EIA dFAtele] DAL Zo] oF 80 kmA
Loln EF-GAugoz JXNFo. oiFAbAe A o 2o SaAWsE
obefiel 2L S FojAn An H) HFALEE= 0.0070]t}

A(x,3) = 700 + 350 x tanh (0.5 X (x —y+55)) (8)
GRugos Jxs M3t Prtole) 4w
Aol ¢2ATE HER) BER AAen u=
¥ 2YTY EE 80-100 km FEOIY FYF A}



ol¢] A<= ¢ 700 kmeltt.
Z719 Rd#Fe g Zo] FHFHo 7 4535} HAJUH (27 10-4).

T(C) = 20.0 + Zx10 2, Z (m)E= 4. 9)

e s 29 dAFFER FojAH G HEYAPAL time-stepping
< 311 gormz nHIA YUt e ARIF FFOEREH AAUA A
FHoF WAASL ol s} o] AL EE buoyancy frequency N& A5g2 71
At

No] 442 7<% n WA mode Wl phase speed (C) E Rossby HEu7
(@) 53 2ol FoA

C, = A = T (10)

nr

71X H & 44, f £ Coriolis parametero]t}, 4] 99} 22 AZZAA 19
A mode®] Rossby ¥3%7Z % Wl§ Rossby®tel AR&EE+= o 22 km, 09
cm/s 2 4zt FolW

AZ3ld mdgdorle] 5L HEA ol 2L A, FEUIY ut
F2ae FALAA RFTARE #FSEHS dF (2¥ 10-3 9 i=49-129,
j=1-161)ol 5t &8st

p%‘ (N/m?) = — roXCOS(—?), r, = 0, 1)

A71M 7o £ B-AwgEe A ulF33 S Uy, L EdYgde] d &
Agolct v e 2do AAEE w2 dle 600 LFo H) AFL 2
st 21¥ 10-55 EFEARY 3¢ A @E A 6E3y @2 u
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ZYz} 129, 161 o1 FAH o 2= 8709 collocation pointsell A Al
2 9o ® 10-12 WF5EH ¥FlA 9 collocation points®]

=

Aol
4

2
T
S
=

Table 10-1. Depths of collocation points in the ocean and the shelf.

N shelf ocean
-350.0 m -1050 m
1 -3327 m -998.0 m
2 -2841 m -8523 m
3 -2139 m -641.8 m
4 -1361 m -408.2 m
5 -65.9 m -197.7 m
6 -17.3 m -52.0 m
7 00 m 0.0 m

A 34d 2 3

7F. BEAE

SR
ebd

FAFEL 24 A AFT 2dYET AAAFA 4 112 Fojx&e ulF-$
-2 o] 83l AAAAIF 8 FrEHe A £3S Y TFAY
9] At MAAAFE Q8 BE 27 IF4A (28 10-39 J=131) o]t
TAd ] AM8-" A parameter®] 3k
< JEdd. 2d rund X single precision® 2 FZ YA LA BH3I

(separation) ST & 3¢t ¥ 10-2%
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1= CONVEXdlA 33t o, double precision® 2 33 Azl vlm¥

LH7T A= Aol HHHJG I8 10-6 2 Z4z+e] 7399} super computer
(CRAY-90)dA4 Ed rund FIP2d dA=2 FUd8= FLF AzHzs
Yetdth Al 49 25 29 rune 20087HA 4 F333F F 40027129 A4k
2 200€ A1 AnE ol83t FAdAT. CRAYAA £33 Azt CONVEX
oA double precision o2 F3qF A= AAHINA X3 COVEXOA
single precision &2 3% A= dF 50 olF Ry Hzat =4 Jehde
&=tk 400047FA AlArs=E Z2lE cpu Al CONVEXeOlAE <9F 4004
Zt, 28)3l CRAYOAME oF 40413 7o) A8 5 o]Fd 7|&3h= 2§ 2d
A= CRAYONA Al4bgt Adfolt,

37 10-7 & Ao wE A ZdFdery EFUAS et &%
quU A= utgE-ggol Hirl He 600 LAol HgES Holn I o]EZE 4000
A7LA] Wi AA3 ZA( 28 10-8 & AR ALdIdE YZFY At

£ W3S vedth Al 2olde 5Z9 PRy 5t fd"o &
AFol o9 g2 Holn U 3208 FE = UEEH AHF 29 fPgoz
Fredol gojur] AAste] ko] k& Moln] 135U o] A o 52 Sv (10° m®
shel 289 1 ol 2 FFo] AnteA AT EEAF ] A$ 40002
7HA ] Ha FdFL 341 Sv ot

I3 10-9¢ 102 A 2dgddAre 16002 2] 454 L giFEa Qs
E xFste AgE sAHGolx e 800 nttte] FASSs EXE Yeldch diokd)
Al vhgE 9 curle] 001+ H1X17F Asle BZ 9 =g F= (0¥
10-99] J=13D)dl A== Z7]o] FojF oY MAZAAFL dRE HAFY
AHZ Q3 overshooting= o] B FHe] BZAFA7A ol& F AlAYgo=
Eo} Q3 ZRE oltdE ZFAFS ERITG FATgF ExXe USE GAEY
Aol mlfgt WIAIAl W] ¢8o] FAFHT A E olFE TE A FAME
SHe wat AMSAARY 4Ry ddE 4YES HYEY A9z §98 A4
v AFAAL g32 A3 AMA3s S Holn A3 BZo Iy A
A oA A3 MEAQOZRE olgtE §F FFoZ F=2thyl BE9| 3
L 53 dde= {EIE 800¥ A 4% EXE 160088 BA=
A2 FUFol Fa #AA3dH A3 GF dEFE Q4 v|A= FAF
FEE Ha FAA3e WA dFF FAZEe WAA wEe 82 1 wRI}
oS AZS BHA ¥ 10-32 800¢ A9 A mdgddAe Hdg 2 HA
FAgS e} dl2e) FYdFS YeEldt {dFe Wse} ol Z AR
AU F4EFE 160022 FAAZ olF o= td A4AFS & 4 Ak 1600 6l A
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Table 10-2. Model parameters for the standard experiment.

|
Symbol Value Definition
L 129 number of points in & direction
M 161 number of points in 7 direction
N 8 number of baroclinic Chebyshev polynomials
Lo 1000 kg m”> constant reference density
P 24.78 - 2.8x10°xZ background density stratification
N? 2.744x107° buoyancy frequency
a 22 km first baroclinic Rossby radius of deformation
(deep ocean)
g 9.8l m s acceleration of gravity
f fo + By variable Coriolis parameter
fo 8.365x10™° Coriolis parameter at central latitude (35" )
B 1.875x107"
Ka 5-10"n’s1+20:10™ &P p%s™ vertical diffusion coefficient for velocity
Kn |5-10°n°s7+20-10° ™ n’s™ | vertical diffusion coefficient for temperature ,‘
Aa 5x10° o’ s™ Laplacian diffusion coefficient for velocity
An | 2x10° o® 5! Laplacian diffusion coefficient for 'oemperature;
r 10° n s™ linear bottom drag coefficient |
At 1200 s timestep _J
Aax, Ay 20 km horizontal grid spacings

Table 10-3. Maximum and minimum stream functions over the whole model
domain and the volume transport into the marginal sea every 800

days
r run day streamfunction influx
i max. min. Sv %
| 800 53.17 -1.877 3.47 6.53
1600 54, 67 -1.241 4.99 9.13
maex14 2400 54. 31 -1.301 4.40 8.10
| 3200 53.18 -1.756 3.33 6.26
i | 4000 51.63 |  -1.988 2.48 | 4.80




I3 10-11 2 4000 A tige] F-AddS b2 (23 10-99 J=50) -
Y AEEXS RAET BAF HU{EL F 72 cm/s o8 AdlR&e
e-folding AZE MZALLZHE o 100 km olth. ZAAF HAAE ()3}
FEW)e 258 A4 Reynolds FE (Re = VXW / An , An & $H0LEASF)
°F 1424 AAF A%t ot a3yt A% Aotk dSAMEE we A
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North Pacific eddy-resolving model
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Fig. 10-1. Monthly variations of the volume transport into the East Sea
derived from the eddy-resolving North Pacific numerical model
(from Hurlburt et al., 1992).
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North Pacific eddy-resolving model
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Fig. 10-2. Monthly and annual mean volume transports into the East Sea
derived from the eddy-resolving North Pacific numerical model

(from Hurlburt et al., 1992).
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Contour intervals between isobaths are 50 m
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Fig. 10-3. Plane view of the model basin and topography used in the standard experiment.
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Fig. 10-4. The initial vertical profile of temperature along section 1=20 in

Fig. 10-3.
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MAEX7

71 CRAY
0.5 —
MICA (single)
0 /4 —_
MICA (double)

Influx (Sv)

0 SO 100 150 200 250 300 350 400

Fig. 10-6. Temporal variations of volume transport into the model marginal
sea calculated on the CRAY-90 and the CONVEX machine using
a single and a double precision options.
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Fig. 10-7. Temporal variation of kinetic energy averaged over the whole
model domain for the standard experiment.
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Fig. 10-8. Temporal variation of volume transport into the model marginal
sea for the standard experiment.
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Fig. 10-9. Transport streamfunction in the whole domain (left) and in the shelf and the marginal

sea (right) at 1600 days for the standard experiment. Contour intervals between

streamlines are 1 Sv.
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Grid I

Grid I

Fig. 10-14. Plane view of the model basin and topography used in the topographic hump experiment.

Contour intervals between isobaths are 50 m.
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Fig. 10-15. Transport streamfunction in the whole domain (left) and in the shelf and the marginal
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Influx into the marginal sea

Influx (Sv)

0 500 1000 1500 2000 2500 3000 3500 4000
Time (day)

Fig. 10-17. Temporal variation of volume transport into the model marginal
sea for the topographic hump experiment.
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Appendix 3. Water column chemistry in the East China
Sea during August 23 - September 3, 1995
(COPEX-E9408, R/V Onnuri).

St. Depth Long Lat Dep. DO 4] Do AOU PO, NO; NO; Si(OH)4
(m) (m1/1) (uM) (%)  (uM) (M) (uM) (u) (uM)
A2 76 128.4 34.5 05.20 231.9 110.4 -21.8 0.06 0.18 0.48 5.60
A2 20 5.01 223.5 102.4 -5.30.08 0.19 0.49 6.42
A2 30 4.83 215.7 96.5 7.8 0.27 0.50 1.59 7.60
A2 50 4.36 194.5 76.0 61.50.49 0.11 7.00 11.90
Ad 97 128.6 34.2 0 4.93 220.2 104.8 -10.0 0.02 0.15 0.35 3.50
Ad 10 4.96 221.3 104.8 -10.1 0.01 0.17 0.03 3.91
Ad 20 4.95 220.8 104.2 -8.80.02 0.14 0.06 3.21
Ad 30 4.69 209.5 96.7 7.2 0.10 0.55 1.58 6.75
Ad 50 4.35194.1 84.2 36.30.230.30 4.06 6.74
Ad 75 3.91 174.3 70.0 74.90.72 0.25 11.30 17.28
A7 127 128.9 33.8 04.74 211.4 104.0 -8.20.02 0.15 0.02 1.42
A7 10 4.77 212.7 104.7 -9.6 0.03 0.15 0.03 1.30
A7 20 4.73 211.3 104.1 -8.30.02 0.17 0.01 1.68 :
A7 30 4.80 214.5 105.5 -11.1 0.02 0.19 0.08 1.92
A7 50 4.82 215.3 103.4 -7.10.04 0.18 0.06 1.62
A7 75 4.64 207.3 92.3 17.30.14 0.63 1.87 4.00 °
A7 100 4.09 182.5 76.6 55.6 0.48 0.22 7.91 10.33 |
Al0 107 129.2 33.5 04.76 212.6 104.8 -9.7 0.02 0.14 0.26 1.22 !
AlO 10 4.59 205.0 100.9 -1.80.01 0.19 0.04 1.84 .
Al0 20 4.84 215.9 106.2 -12.6 0.00 0.16 0.03 1.42
Al0 50 4.89 218.3 103.2 -6.8 0.03 0.31 0.30 2.88 |
Al0 75 4.60 205.1 91.5 19.1 0.18 0.37 2.90 5.05
Bl 72 126.0 31.5 0 4.83 215.5 107.5 -15.1 0.04 0.12 0.51 3.89 .
Bl 10 4.85 216.6 107.3 -14.6 0.06 0.18 0.51 5.30 |
Bl 20 4.96 221.6 109.1 -18.4 0.06 0.18 0.49 5.08
Bl 30 4.70 209.8 102.2 -4.60.08 0.18 0.49 6.20
Bl 50 2.70 120.7 54.7 99.9 0.650.31 7.59 18.32
Bl 67 2.96 132.4 57.8 ~96.50.61 0.41 6.12 14.74
B2 91 126.5 31.5 0500 223.2 110.0 -20.3 0.01 0.18 0.05 4.15
! B2 10 5.05 225.4 110.0 -20.6 0.01 0.12 0.06 2.56
' B2 88 3.61 161.3 64.3 89.6 0.57 0.20 7.13 11.28
i B3 106 127.0 31.5 0 5.10 227.8 113.2 -26.50.05 0.16 0.06 4.19
, B3 ' 10 4.98 222.5 110.3 -20.7 0.05 0.13 0.08 2.65
- B3 20 4.90 218.8 107.9 -16.1 0.04 0.17 0.07 4.26
. B3 . 305.17 230.7 111.8 -24.4 0.03 0.20 .0.05 4.53
B3 50 3.77 168.1 70.5 70.2 0.31 0.20 4.80 8.14
. B3 75 3.54 157.9 64.6 86.50.74 0.21 11.78 17.53
i B3 100 3.77 168.2 66.8 83.5 0.73 0.19 11.49 16.42
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Appendix 3. continued.

St. Depth  Long Lat Dep. DO DO Do AU PO; NO; NO; Si(OH)4

‘ (m) (m1/1) (M) (%) (uM) (uM) (M) (M)  (um)
BS 140 127.8 31.5 05.08 226.7 112.8 -25.8 0.03 0.18 0.02 4.64
BS 10 4.98 222.4 110.7 -21.6 0.03 0.17 0.02 4.30
BS 20 4.93 220.0 109.2 -18.50.04 0.15 0.02 3.69
BS 50 3.91 174.5 80.8 41.50.26 0.66 4.42 9.56
BS 75 2.99 133.3 56.5 102.6 0.52 0.22 8.22 14.97
B5 100 3.04 135.8 56.2 105.6 0.72 0.20 11.59 18.92
B7 160 128.2 31.5 0 4.65 207.5 104.2 -8.40.02 0.19 0.47 1.95
B7 10 4.68 208.9 104.9 -9.8 0.03 0.18 0.47 1.91
B7 20 4.70 209.6 105.3 -10.6 0.03 0.19 0.47 2.69
B7 30 4.76 212.5 105.7 -11.4 0.01 0.16 0.47 1.83
B7 52 4.80 214.1 104.9 -10.00.03 0.19 0.47 2.19
B7 754.61 205.9 93.3 14.80.170.46 2.14 4.20
B7 100 4.32 192.8 83.6 37.90.37 0.24 4.90 6.67
B9 613 128.8 31.5 04.71 210.1 105.5 -11.0 0.04 0.16 0.28 1.80
B9 10 4.70 209.8 105.4 -10.7 0.02 0.19 0.01 2.19
B9 20 4.78 213.4 106.5 -13.00.03 0.15 0.04 1.48
B9 30 4.66 208.2 103.0 -6.1 0.04 0.19 0.27 2.11
BS 75 4.48 199.9 90.8 20.30.150.22 1.68 2.53
B9 100 4.30 191.8 82.0 42.1 0.29 0.16 4.69 5.03
B9 200 4.38 195.6 77.1 58.2 0.73 0.21 11.49 15.16
B9 500 2.64 118.0 39.5 180.6 2.04 0.19 30.01 68.01
B10 734 129.3 31.5 04.64 207.3 104.3 -8.6 0.02 0.19 0.02 1.87
B10 10 4.68 208.9 105.1 -10.1 0.02 0.19 0.02 1.87
B10 20 4.69 209.5 104.9 -9.90.03 0.19 0.09 1.9
B10 30 4.76 212.4 105.8 -11.6 0.03 0.15 0.08 1.49
B10 50 4.79 213.7 103.1 -6.50.04 0.22 0.06 2.55
B10 75 4.46 199.0 89.2 24.1 0.23 0.39 3.53 4.58
B10 100 4.24 189.2 79.3 49.30.41 0.16 6.69 9.48
B10 130 4.07 181.9 75.0 60.6 0.66 0.17 10.60 15.04
B10 200 2.76 123.0 47.9 134.0 1.47 0.14 20.92 44.72
B10 500 2.27 101.4 34.0 197.3 2.08 0.16 27.78 68.81
D2 85 126.0 34.2 05.41 241.3 111.9 -25.7 0.28 0.14 0.88 2.82
D2 20 5.56 248.2 103.8 -9.1 0.24 0.16 1.23 7.85
D2 40 4.74 211.7 77.9 60.2 0.74 0.20 552 9.08
D2 82 4.68 208.7 76.4 64.51.02 0.31 8.56 15.17
D4 96 126.0 33.8  04.92 219.5 106.2 -12.9 0.04 0.13 0.48 3.63
D4 10 5.01 223.5 107.7 -16.0 0.07 0.14 0.53 4.40
D4 20 4.57 204.2 85.0 36.10.120.32 3.09 10.33
D4 30 4.22 188.6 75.1 62.50.380.21 6.69 9.12
D4 50 4.15 185.1 69.8 80.1 0.76 0.17 6.85 10.09
D6 107 126.0 33.5 04.77 213.0 104.7 -9.50.01 0.18 0.06 7.32
D6 10 4.79 214.0 105.2 -10.50.01 0.18 0.04 7.13
D6 20 5.05 225.5 107.7 -16.1 0.05 0.15 0.25 2.91
D6 30 4.76 212.6 101.6 -3.30.04 0.14 0.12 2.10
D6 50 4.13 184.2 78.2 51.2 0.62 0.22 9.79 14.32
D6 102 4.12 184.0 70.4 77.2 0.54 0.17 7.27 9.96




Appendix 3. continued.

St. Depth Long lat Dep. DO DO Do AOU PO, NO; NOs Si(OH)s
(m) (m1/1) (uM) (%) (w)  (uM)  (uM)  (uM) (uM)
D10 8 126.0 32.8 04.76212.6 104.7 -9.6 0.04 0.10 0.48 3.35
D10 10 4.88 218.1 106.5 -13.2 0.03 0.18 0.48 6.76
D10 20 5.14 229.4 102.8 -6.1 0.03 0.19 0.55 8.46
D10 30 3.57 159.4 67.1 78.2 0.330.30 6.43 12.64
D10 50 3.64 162.4 63.9 91.7 0.73 0.25 8.27 17.52
D10 754.23188.7 71.5 75.30.61 0.42 5.66 11.34
D10 80 4.25 189.7 71.9 74.30.63 0.42 5.84 11.95
El 4 123.3 33.1 04.84215.9 102.1 -4.40.190.19 0.72 9.55
El 10 5.74 256.0 113.1 -28.7 0.10 0.22 1.56 4.97
El 19 4.81 214.7 83.2 43.30.58 0.44 5.72 14.28
El 30 4.80 214.3 65.7 44.00.59 0.42 5.69 11.77
El 42 4.80 214.3 82.9 44.10.570.38 4.29 9.78
' E4 65 124.0 33.4 04.81 214.8 102.8 -5.80.17 0.13 0.65 2.33
E4 10 4.88 218.1 103.4 -7.10.16 0.15 0.67 2.83
E4 20 5.90 263.6 109.6 -23.1 0.250.16 0.87 4.06
E4 30 5.84 260.5 100.3 -0.8 0.51 0.23 2.39 11.82
E4 50 4,77 213.2 74.4 73.41.17 0.28 7.36 13.00
E7 90 125.0 33.8 05.09 227.4 107.5 -15.9 0.24 0.10 0.70 5.40
E7 10 5.28 235.7 110.5 -22.4 0.19 0.14 0.77 5.46
E7 20 4.80 214.4 89.6 24.9 0.56 0.43 4.18 8.57
E7 30 4.81 214.9 85.5 36.4 0.49 0.22 3.78 7.46
E7 50 5.22 233.1 83.3 46.90.69 0.17 5.04 8.74
E7 75 5.15229.8 81.3 52.70.76 0.21 5.35 9.37
E8 74 125.5 34.0 05.08226.7 1057 -12.2 0.17 0.15 0.73 3.43
E8 10 5.13 229.1 106.2 -13.40.19 0.18 0.91 4.14
E8 20 5.16 230.3 98.7 3.10.280.35 2.19 6.77
E8 30 5.06 225.9 94.7 12.6 0.39 0.34 2.96 6.17
E8 50 4.96 221.3 89.2 26.7 0.70 0.30 4.58 7.96
E8 70 5.27 235.3 82.0 51.50.84 0.26 5.95 9.19
F1 40 123.3 32.1 04.93219.9 105.1 -10.7 0.11 0.36 4.79 5.57
F1 20 3.74 167.0 80.0 41.9 0.32 0.60 4.52 10.57
F1 303.73166.4 79.7 42.50.41 0.87 6.40 15.56
F4 41 124.0 32.4 05232335 112.4 -25.70.180.18 1.10 6.16
F4 10 5.31 237.1 112.5 -26.30.19 0.21 0.88 6.18
F4 20 4.13 184.5 87.1 27.40.300.26 3.16 11.25
F4 30 3.02134.7 63.7 76.9 0.59 0.46 8.04 16.39
F5 53  124.5 32.6 04.95220.8 106.3 -13.00.18 0.17 2.07 8.06
F5 10 4.92 219.7 105.9 -12.30.18 0.17 2.06 7.95
F5 30 2.76 123.4 55.0 101.0 0.63 0.22 6.88 13.40 |
F5 50 3.08 137.6 30.2 318.4 0.75 0.21 5.03 8.55




Appendix 3. continued.

St. Depth  Long Lat Dep. DO DO Do AOU PO, NO; NOs  Si(OH),
(m) (m1/1) (u) (%)  (uM) (uM) (M) (M)  (uM)
F7 76 125.0 32.8 10 4.95 220.9 106.6 -13.7 0.18 0.19 0.77 7.20
F7 20 4.43197.9 81.6 44.50.21 0.33 3.05 9.03
F7 30 3.94 175.7 68.0 82.7 0.81 0.24 8.55 13.89
F7 50 4.03 180.0 67.7 85.8 1.00 0.33 9.89 17.46
G5 110  127.0 330 04.70 209.8 103.6 -7.30.06 0.16 0.82 2.39
G5 20 4.64 207.0 102.8 -5.7 0.120.16 0.68 1.84
G5 50 4.47 199.5 92.7 15.7 0.17 0.42 1.56 3.77
G5 75 3.55 158.6 67.3 77.2 0.66 0.20 5.94 10.57
G5 101 3.81 170.0 68.1 79.8 0.64 0.15 6.78 12.58
67 152 127.7 33.5 0 4.65207.7 103.9 -7.7 0.050.19 0.92 2.47
G7 20 4.66 208.0 103.9 -7.7 0.05 0.20 0.68 2.52
G7 40 4.81 214.6 103.5 -7.20.050.16 0.82 1.86
G7 60 4.63 206.9 93.4 14.6 0.16 0.45 2.53 4.21
| G7 80 4.30 191.8 83.7 37.20.26 0.19 3.81 5.72
| G7 100 3.99 178.1 74.8 60.0 0.41 0.18 6.18 8.40
G7 148 4.08 182.3 40.0 0.86 0.25 12.05 21.81
G10 143 128.2 33.3 04.59204.7 101.6 -3.20.120.20 1.45 2.93
' G10 40 4.71 210.3 101.6 -3.30.050.17 0.81 1.50
! G10 60 4.31 192.3 89.4 22.90.26 0.62 3.60 4.22
I 610 120 4.02 179.6 72.0 70.0 0.49 0.18 5.77 9.40
| H2 20 4.86 216.9 108.3 -16.7 0.01 0.18 0.02 3.41
| H2 42 4.25189.9 93.1 14.1 0.11 0.19 0.99 5.82
J1 92  126.5 30.0 04.72210.6 105.1 -10.2 0.08 0.14 0.53 2.97
J1 10 4.80 214.1 106.8 -13.6 0.05 0.11 0.53 1.90
J1 20 4.71 210.4 105.0 -10.0 0.05 0.12 0.50 2.66
Ji 30 4.79 214.0 106.3 -12.8 0.05 0.14 0.47 2.75
I'n 50 3.45 153.9 69.4 67.9 0.47 0.25 4.38 13.44
51 75 3.31 147.8 65.4 78.2 0.55 0.18 5.70 13.59
J3 100 127.0 29.9 0 4.81 214.8 107.3 -14.7 0.17 0.19 0.63 3.53
J3 10 4.74 211.8 105.8 -11.6 0.150.12 0.63 2.26
i J3 20 4.62 206.1 103.0 -6.00.170.13 1.09 2.32
J3 30 4.75 212.2 106.0 -12.0 0.16 0.18 0.61 3.93
J3 50 4.57 203.8 101.0 -1.9 0.20 0.20 0.73 3.95
J3 60 4.00 178.6 83.4 35.40.350.36 2.38 7.03
J3 75 3.37 150.3 66.4 76.1 0.64 0.26 6.27 14.02
J3 100 3.46 154.4 65.3 82.0 0.81 0.23 8.65 16.59
Js 162  127.5 29.7 04.66208.1 104.5 -9.00.040.14 0.49 1.62
: J5 10 4.65 207.4 '104.1 -8.3 0.04 0.17 0.48 2.13
| J5 20 4.73 211.3 106.0 -12.0 0.04 0.17 0.51 2.41
J5 30 4.72 210.6 105.7 -11.3 0.04 0.14 0.47 1.91
J5 50 4.71 210.4 105.0 -9.9 0.050.19 0.46 3.09
J5 75 3.97 177.3 84.3 32.90.31 0.38 2.69 7.77
; J5 110 3.66 163.4 68.9 73.6 0.63 0.19 8.00 14.52;
| J5 150 3.12 139.1 54.9 114.1 0.66 0.16 7.70 11.58]




Appendix 3. continued.

St.  Depth Long Lat Dep. DO IO DO AU PO, N0, NOs Si(OH)s
(m) (m1/1) (uM) (%) (uM) (uM) (uM) (uM) (uM)
J7 1002 128.0 29.6 04.71 210.2 104.7 -9.50.02 0.19 0.07 1.32
J7 20 4.89 218.1 108.4 -16.9 0.01 0.16 0.02 0.80
J7 30 4.70 209.6 104.1 -8.3 0.04 0.20 0.10 2.14
J7 50 4.73 211.3 103.3 -6.7 0.03 0.16 0.07 1.05
J7 75 4.71 210.5 101.6 -3.2 0.02 0.21 0.03 1.08
J7 100 4.68 208.9 99.5 1.1 0.04 0.30 0.47 1.20
J7 160 4.00 178.4 74.0 62.6 0.42 0.17 6.09 7.03
J7 450 2.92 130.5 43.9 166.6 1.84 0.18 26.44 49.94
J7 700 2.25 100.3 32.3 209.9 2.33 0.21 36.04 83.75
J7 990 1.98 88.2 27.9 227.4 2.55 0.20 39.17 100.51
J8 1048 128.5 29.5 04.81 214.9 106.9 -13.9 0.01 0.16 0.03 1.22
J8 10 4.77 212.8 105.9 -11.8 0.06 0.14 0.36 1.02
J8 20 4.71 210.2 104.5 -9.1 0.01 0.13 0.03 0.81
J8 30 4.72 210.7 105.0 -10.0 0.00 0.11 0.01 0.53
J8 100 4.57 204.2 97.4 5.50.07 0.32 1.03 1.43
J8 150 4.05 180.7 80.4 44.2 0.14 0.18 2.24 2.27
J8 500 3.17 141.4 47.9 153.7 1.78 0.19 27.48 49.55
J8 1044 1.92 85.9 26.9 233.6 2.58 0.20 39.04 98.16
J9 790 129.0 29.4 0 4.60 205.2 103.6 -7.20.04 0.15 0.33 0.98
J9 20 4.73 211.0 106.2 -12.2 0.03 0.15 0.06 0.95
Jg 40 4.76 212.3 106.2 -12.4 0.05 0.15 0.11 0.78
J9 100 4.81 214.8 99.0 2.20.070.23 0.73 1.4
J9 150 4.91 219.4 95.4 10.6 0.09 0.26 1.44 2.12
Jg 300 4.79 213.7 87.2 31.30.220.16 3.8 3.19
J9 500 3.63 162.0 58.8 113.7 1.57 0.18 23.47 39.63
J9 784 2.41 107.7 35.1 199.0 1.60 0.13 19.79 45.17
K7 1144 128.0 29.1 0 4.57 203.9 102.8 -5.6 0.04 0.19 0.07 1.26
K7 30 4.62 206.3 102.3 -4.6 0.03 0.17 0.09 1.30
K7 150 4.81 214.9 93.9 13.9 0.11 0.20 2.00 2.97
K7 450 4.37 195.3 70.9 80.2 0.11 0.16 1.68 1.61
K7 600 2.91 129.9 44.0 165.0 1.66 0.16 21.99 42.13
K7 900 1.96 87.7 27.8 228.2 1.74 0.15 27.02 67.83
K7 1140 1.75 78.0 24.3 243.4 2.43 0.20 35.62 99.30
L3 99 125.8 29.2 0464 207.1 104.0 -8.10.140.16 0.89 2.37
L3 30 4.61 205.7 102.7 -5.40.04 0.19 0.51 2.87
L3 60 4.37 195.2 95.0 10.2 0.16 0.36 1.11 4.60
L3 75 3.37 150.2 66.3 76.50.61 0.23 6.96 16.02
L3 86 3.32 148.0 63.0 87.1 0.44 0.18 5.30 10.45
L6 122 126.5 29.0 0 4.66 207.8 103.2 -6.50.130.17 0.77 1.79
;L6 10 4.67 208.3 103.3 -6.7 0.07 0.15 0.51 1.46
4 L6 20 4.70 210.0 103.8 -7.7 0.08 0.16 0.51 1.46
i L6 30 4.86 216.8 105.4 -11.1 0.06 0.15 0.53 0.82
| L6 68 4.44 198.3 91.5 18.50.29 0.93 3.02 4.14
i L6 100 3.50 156.4 66.3 79.7 0.35 0.18 7.10 12.21




Appendix 3. continued.

St. Depth  Long Lat Dep. DO DO DO AOU PO, NO; NOs Si(OH)s
(m) (m1/1) (uM) (%) (uM) (uM) (uM) (uM) (uM)
L8 248 127.0 28.9 04.65 207.8 104.1 -8.2 0.17 0.11 0.61 0.54
L8 20 4.62 206.2 102.1 -4.30.160.13 0.65 1.74
L8 30 4.80 214.2 105.0 -10.1 0.17 0.12 0.61 1.54 |
L8 46 4.80 214.2 103.4 -7.00.17 0.17 0.61 2.37
L8 98 4.21 187.7 83.0 38.3 0.47 0.21 4.59 6.70 |
L8 120 4.14 184.8 78.0 52.1 0.65 0.21 6.88 10.04
L8 243 3.89 173.5 66.0 89.31.030.17 11.72 20.85
L10 1019 127.5 28.8 04.71 210.1 104.8 -9.6 0.06 0.18 1.04 0.80
L10 10 4.67 208.5 103.9 -7.8 0.150.26 0.54 1.19
L10 20 4.69 209.3 104.2 -8.50.04 0.22 0.53 1.58
L10 30 4.76 212.6 102.2 -4.50.050.20 0.65 1.51
L10 50 4.51 201.4 94.8 11.10.21 1.15 2.47 3.17
L10 75 4.48199.9 93.4 14.10.241.32 3.32 4.19
L10 100 4.42 197.3 91.8 17.7 0.22 0.28 1.47 2.01 1
L10 134 4.41 196.8 88.4 25.7 0.67 0.24 2.73 2.72
L10 200 4.41 197.0 82.2 42.6 0.41 0.23 5.43 5.71
L10 300 4.25 189.6 74.7 64.1 0.58 0.30 7.95 9.45
L10 500 3.29 146.7 50.6 143.3 1.42 0.14 16.94 30.91
L10 700 2.27 101.5 32.6 209.6 2.35 0.19 32.97 82.54 l
L10 1000 1.95 87.1 27.1 233.8 2.07 0.16 28.58 69.30 !
L11 1008 128.0 28.6 0 4.52 201.7 101.2 -2.40.03 0.46 1.00 ‘1
L11 20 4.63 206.6 103.7 -7.30.04 0.20 0.75 1.68
L11 60 5.11 228.3 107.9 -16.7 0.06 0.21 0.87 2.05 |
L11 130 5.01 223.8 97.4 6.1 0.09 0.27 1.25 1.75
L11 500 3.83 170.8 62.8 101.3 0.91 0.20 13.32 25.48
L11 600 3.83 170.8 59.2 117.8 1.03 0.15 13.33 23.35
L11 1000 1.98 88.2 27.5 232.01.84 0.16 20.94 64.38 ’
L12 896 128.5 28.5 04.69 209.2 104.4 -8.80.300.23 0.21 4.29 :
L12 50 5.01 223.6 108.0 -16.6 0.14 0.14 0.81 1.31 ;
L12 100 5.15 229.7 102.5 -5.60.190.18 0.83 1.28 |
L12 200 4.92 219.5 93.1 16.30.300.18 2.15 1.90!
L12 500 4.19 187.0 71.1 76.1 0.82 0.14 9.07 15.35 !
L12 880 2.12 94.5 30.4 216.5 2.08 0.15 24.30 70.61 |




Appendix 4. Phytoplankton Species List from Net Hauls
taken on the East China Sea. ( COPEX-E
1993, 1994)

Month \ Dec. 1993 Aug. 1994

Species
Transect\ J B J B

Bacillariophyceae
Achnanthes brevipes *
Achnanthes hauckiana %
Achnanthes longipes *
Actinocyclus octonarius %
A. octonarius v. tenellus %
Actinocyclus sp. %
Actinoptychus senarius *
Actinoptychus splendens
Amphora laevis *
Amphora ostrearia
Amphora sp. .
Asterionella glacialis
Asterolampra marylandica
Asteromphalus cleveanus
Asteromphalus flabellatus
Asteromphalus heptactis
Asteromphalus robustus
Asteromphalus arachne
Azpeitia africana
Azpeitia nodulifer
Bacteriastrum comosum
Bacteriastrum elongatum
Bacteriastrum hyalinum
Bacteriastrum minus
Bacteriastrum varians
Bellerochea holorogicalis
Cerataul ina daemon
Cerataulina dentata
Cerataulina pelagica
Chaetoceros affinis
Chaetoceros anatomosans
Chaeto. atlanticus v. neapolitana
Chaetoceros brevis
Chaetoceros coarctatus
Chaetoceros compressus
Chaetoceros convolutus
Chaetoceros costatus
Chaetoceros curvisetus
Chaetoceros danicus
Chaetoceros debilis
Chaetoceros decipiens

% 3%

3%

3% %

% 3% 3 3% 3% 3% 3% 3% % %
* %
3 3

*
3

%
% 3%

3 3% ¢ % % % X
* 3%

% 3%
3% 3% 3% 3%

e 3%
3%

* 3

* 3% 3% ¥
% 3% % L
% 3% 3% %
3% 3% *

3%

S8 3% 3% 3 % 3¢ & 3%

3% 3% 3 3% 36

L




Appendix 4. continued.

Month \ Dec. 1993 Aug. 1994

Species

=

Transect\ J J B

Chaetoceros denticulatus
Chaetoceros diversus
Chaetoceros eibenii
Chaetoceros lauderi
Chaetoceros lorenzianus
Chaetoceros messanensis
Chaetoceros okamuri
Chaetoceros orientalis
Chaetoceros pendulus
Chaetoceros peruvianus
Chaetoceros protubulans
Chaetoceros pseudocurvisetus
Chaetoceros perpusillus
Chaetoceros rostratus
Chaetoceros socialis
Chaetoceros tetrastichon
Chaetoceros spp.
Climacodium flauenfeldii
Corethron criophilum
Coscinodiscus concinnus
Coscinodiscus janischii
Coscinodiscus jonesianus
Coscinodiscus nobilis
Coscinodiscus radiatus
Coscinodiscus reniformis
Coscinodiscus wailesii
Coscinodiscus sp.
Cyclotella striata
Cyclotella stylorum
Cylindrotheca closterium
Cymatosira belgica
Dactyliosolen mediteraneus
Delphineis surirella
Detonula pumila
Diploneis crabro
Diploneis weissflogi
Diploneis sp.

Ditylum brightwelli
Ditylum sol

Entomoneis alata
Entomoneis sp.

Eucampia cornuta
Eucampia zodiacus
Epithemia sp.

3 3% % 3¢ 3% 36 36

3 3% 3% 3% 3¢ 3%
3 3 3% 3 W 3 I & % SF 3% :¢® 3¢ 3% %

3% % 3% ¥ 3% 3% %
3% 3% % 3% % 3% 3 % 3¢

& % I 3% 3% 3 32
% 3¢ 3%
® % ¢ 3¢

*
3
3

3%

3% 3¢
3 3% 3% 3% 3% 3% 3% 38 3¢ 36 € % 3% & %
¥*
3

¥* 3% 3% 3¢
3% 3%
3%

*




Appendix 4. continued

Month \ Dec.1993 Aug. 1994

Species
Transect\ J B J B

Gossleriella tropica
Guinardia flaccida
Gyrosigma sp.

Haslea gigantea

Haslea gretharum

Haslea hyalinissima
Hemiaulus hauckii
Hemiaulus sinensis
Hemiaulus membranaceous
Hemidiscus cuneiformis
Hemidiscus cuneiformis f. gibba
Hemidiscus kanayanus
Lauderia annulata

Leptocyl indrus danicus
Licmophora sp.

Lithodesmium undulatum
Mastogloia grobulus
Navicula spp.

Nitzschia aquatorialis
Nitzschia bicapitata
Nitzschia bifurcata
Nitzschia capitata
Nitzschia capitellata
Nitzschia sicula v. migrans
Nitzcshia closterium
Nitzschia cuspidata
Nitzschia delicatissima
Nitzcshia marina

Nitzschia lanceolata
Nitzschia lineola
Nitzcshia longissima
Nitzschia majuscula v. lineata
Nitzschia ossiformis
Nitzschia pungens
Nitzschia panduriformis v. minor
Nitzschia prolongatoides
Nitzschia pseudonana
Nitzschia subfraudulenta
Nitzschia sp.

Odontella mobiliensis
Odontella regia

Odontella sinensis
Pachyneis gerlachii
Pachyneis sp. *

% 3%
3%

K 3

3

*

3% 3% W% % % X R
® 3E 36 3%
¥*

3% 3% 3% 3% 3¢ 3% ¢ 3¢ % ¢ 3¢ ¢ 3% 3% 3% %
3% 3% 36 3%

% 3% 3% 3%

* 3%
#O3 3% % 3N 3¢ % 3 3% % 3%
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Appendix 4. continued

Month \ Dec.1993 Aug. 1994

Species

-}

Transect\ J J B

Paralia sulcata % * *
Plaktoniella sol ®
Plagiolemma confusa

Pleurosigma directum *
Pleurosigma elongatum
Pleurosigma falx

Pleurosigma planctonicum
Pleurosigma sp.

Podosira stelliger

Porosira sp.

Pseudoeunotia dolioclus
Pseudohimatidium pacificum
Rhizosolenia alata

Rhizosolenia bergonii
Rhizosolenia calcar avis
Rhizosolenia castracanei
Rhizosolenia clvei

Rhizosolenia cylindrus
Rhizosolenia hebetat f. semispina
Rhizosolenia imbricata

R. imbricata v. shrubusolei
Rhizosolenia robusta
Rhizosolenia setigera
Rhizosolenia stoltel forthii
Rhizosolenia styli. v. latissima
Roperia tesselata

Roperia sp. A

Roperia sp.B

Skeletonema costatum

Stauroneis decipiens

Stauropsis membranacea
Stephanopyxis palmeriana
Stephanopyxis turris
Sterptotheca thamensis
Stigmaphora rostrata

Surirella fastuosa

Surirella sp.

Synedra indica

Synedra tabulata

Synedra sp.

Thalassionema bacillaris
Thalassionema flauenfeldii
Thalassionema nitzschioides
Thalassiosira anguste-lineata

36 3% 3% 3¢ 3¢

%
3F 3%
%

3
3 3% 3% & 3F 3% 3% 3¢ 3¢ 3¢ ¥ % 3% % ¥
%

3%
3% 3%
3% 3% 3% 3%
*

36 3% 3% 3% 3% 3¢ & 3% 3% 3% 3¢ 3¢ 3¢ ¥ ¥
¥*

3 3% 3% 3¢ S W % 3% 3¢ 3¢ 3 3 3¢ ¢k 3% ¢ 3% 3¢ 3¢ 3 ¢ 3% 3 % 3¢ 3¢ 8 %

3% 3% 3% 3% 3¢ W 3% e 3¢
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Appendix 4. continued

Month \ Dec.1993 Aug. 1994

Species

=

Transect\ J J B

*

Thalassiosira bipartita %
Thalassiosira diporocyclus
Thalassiosira eccntrica
Thalassiosira intrannula
Thalassiosira leptopus
Thalassiosira lineata
Thalassiosira pacifica
Thalassiosira punctifera
Thalassiosira punctigera

T. sackettii f. plana
Thalassiosira subtilis
Thalassiosira symmetrica
Thalassiosira tenera
Thalassiosira sp.
Thalassiothrix acuata
Thalassiothrix gibberula
Thalassiothrix heteromorpha

T. heteromorpha v.mediteranea
Triceratium favus

Tropidoneis lepidoptera *

* o3 % 3% % %
3

36 % 3% 3¢ 3% 3 3% %

3%

3 3% 3% % 3% 3% 3%
3@ 3% 3% 3% 3% ¢ % %
3*
3%

3 3%
36 3% 3¢ % %




Appendix 4. continued

Cyanophyceae
Richelia intracelluralis
Trichodesmium erythraeum
Trichodesmium thiebautii

Chrysophyceae
Dictyocha fibula

Distephanus speculum

Dinophyceae
Amphidinium longum
Amphisolenia bidentata
Amphisolenia palmata
Ceratium arieticum
Ceratium azoricum
Ceratium belone
Ceratium breve
Crratium biceps
Ceratium candellabrum
Ceratium candellabrum v.dilatatum
Ceratium carriensis
Ceratium contorum
Ceratium extention
Ceratium furca
Ceratium fusus
Ceratium geniculatum
Ceratium gibberum v. sinistrum
Ceratium gravidum
Ceratium inflexsum
Ceratium kofoidii
Ceraitum limulus
Ceratium lineatum
Ceratium longissimum
Ceratium lunula
Ceratium lunula f. brachysetos
Ceratium macroceous
Ceratium massiliensis
Ceratium pennatum
Ceratium pentagonum
Ceratium praelongum
Ceratium reticulatum
Ceratium setaceum
Ceratium strictum
Ceratium sumatranum f. angulatum
Ceratium terres
Ceratium tripos
Ceratocolis horrida

Dinophysis caudata
Dinophysis forthii
Dinophysis hastata
Dinophysis mitra
Dinophysis rotundata
Dinophysis shutii
Gonyaulax birostris
Gonyaulax heighleii
Gonyaulax pelygramma
Gonyodema polyedra
Gymnodinium viridesens
Gymnodinium spp.

Orni thoceros cerrasus
Orni thoceros magnificus
Ornithoceros serrasus
Ornithoceros steinii
Ornithoceros thumii
Oxytoxum gladiolus
Oxytoxum reticulatum
Oxytoxum tesselatum
Oxytoxum sp.

Phalacroma dolyphorum
Podolampas bipes
Podolampas palmipes
Podolampas spinifer
Prorocentrum compressum
Prorocentrum gracile
Protoperidinium concoides
Protoperidinium conicum
Protoperidinium depressum
Protoperidinium globulus
Protoperidinium leonis
Protoperidinium oblongum
Protoperidinium oceanicum
Protoperidinium pellucidum
Protoperidinium pentagonum
Protoperidinium pyriforme
Protoperidinium quarnerensis
Protoperidinium sphaeroides
Pyrophacus fusiformis
Pyrocystis hamulus
Pyrocystis lunula
Pyrocystis pseudonotiluca
Pyrodinium sp.

Kinetophragminophora
Mesodinium rubrum
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On the origin of the Tsushima Warm Current
Heung-Jae Lie and Cheol-Ho Cho

Physical Oceanography Division, Korea Ocean Research and Development Institute, Seoul

Abstract. The origin of the Tsushima Warm Current (referred to as TWC) was
investigated by surface drifter experiments and conductivity, temperature, and depth
(CTD) surveys in the northeastern East China Sea (ECS) at three different times: July
1991, and April and November 1992. Trajectories of 10 satellite-tracked drifters provide
direct information for the first time on the surface flow patterns in each season, and
CTD observations allow identification of warm and saline TWC waters. The results of
the experiments argue against two historical concepts of TWC origins, i.e., (1) a
northward flow transporting warm and saline water through the deep trough southwest
of Kyushu toward the Korea Strait after separation from the Kuroshio and (2) a
northeastward continuation of the Taiwan Current (TC) on the shelf of ECS after
passing through the Taiwan Strait. A persistent northward current was found to exist
both on the shelf west of the trough and on the western flank of the trough. The
northward flow seems to bifurcate around the northwestern corner of the trough,
splitting into a northward continuing flow on the shelf of 100-150 m and an eastward
flow along the northern wall of the trough. The northward flow on the shelf, which
might be the shore fringe of the Kuroshio, corresponds to the origin of TWC entering
the Korea Strait. The eastward flow on the northern slope turned back to the south
along the west coast of Kyushu and eventually joined the Kuroshio. This structure was
accompanied by an anticyclonic eddy in the northern trough. The second concept, that

of TWC originating from TC, contradicts the observed differences in physical
properties between TWC and TC waters. The saline water in the Taiwan Strait flows
out intermittently only during late winter—early spring, and its salinity during other
seasons is lower than that of the TWC water in the Korea Strait. Experiments also
indicated a seasonal shift of drifter paths in the northeastern ECS and coexistence of
cyclonic and anticyclonic eddies in the trough during the cold season.

Introduction

The Kuroshio, as the western boundary current of the
subtropical North Pacific circulation, flows along the conti-
nental slope of the East China Sea (ECS) after leaving the
continental shelf northeast of Taiwan. The Kuroshio has
been known to have two branch currents entering the
continental shelf of the ECS: the Taiwan Current (TC) in the
southwestern ECS and the Tsushima Warm Current (TWC)
in the southeastern ECS [e.g., Guan and Mao. 1982]. The
two branches have a strong influence on water circulation
and water mass distribution not only in the ECS, but also in
the Yellow Sea [e.g., Kondo, 1985]. Furthermore, TWC is
the only supplier of heat and salt for the East Sea (often
called the Japan Sea), especially in the southern East Sea,
and controls the upper layer circulation. Thus TWC and its
seasonal variability in path and volume transport are critical
to the circulation and physical properties of seawater in the
seas adjacent to Korea.

There exist two different theories on the origin of the TWC
(Figure 1). The first theory is that the TWC separates from
the Kuroshio southwest of Kyushu. Uda [1934] first pro-
posed a simple schematic flow pattern of the ECS, which
was that the TWC, originated from the Kuroshio, transports
warm and saline water into the East Sea, and that the Yellow

Copyright 1994 by the American Geophysical Union.
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Sea Warm Current, separated from the TWC southeast of
Chejudo, flows in the eastern Yellow Sea. Nitani [1972)
suggested, on the basis of horizontal temperature and salin-
ity distributions, that the TWC separates from the Kuroshio
around 30°30’N, 129°E, and then flows northward on the left
flank of the deep trough west of Kyushu (Figure la). Nitani
also proposed a small branch of TWC, known as the Yellow
Sea Warm Current (YSWC), near the northwestern corner of
the trough before reaching the Korea Strait (KS in Figure 2).
However, surface current fields obtained from historical
geoelectrokinetograph (GEK) data from 1953 to 1984 [Qiu
and Imasato, 1990] show no northward flow corresponding
to TWC west of Kyushu. Meanwhile, NOAA satellite infra-
red images indicated splitting of warm water from the
Kuroshio [Huh, 1982; Muneyama et al., 1984] and a large
shed-off warm eddy of clockwise rotation west of Kyushu
[Qiu et al., 1990; Chen et al., 1992].

Very different from the first theory, a northeastward
continuation of TC after passing through the Taiwan Strait
has been proposed to be the origin of TWC, based on
hydrographic and short-term direct current data [Beardsley
et al., 1985; Fang et al., 1991]. According to the schematic
circulation pattern in Figure 1b, the warm saline TC, after
passing through the Taiwan Strait, flows northeastward over
the shallow ECS shelf of 50-100 m and flows into the East
Sea through the KS. These works also defined the YSWC as
a part of the TC flowing intermittently into the Yellow Sea.
Recent results of barotropic numerical experiments [e.g.,
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Figure 1.
theory of Beardsley et al. [1985].

Seung and Nam, 1992] and of simple baroclinic numerical
experiments [e.g., Yanagi and Takahashi, 1993] apparently
seem to support the second theory. However, the models did
not properly consider major factors determining the ECS
circulation, such as abundant freshwater input in summer,
wind field, and complex hydrographic features with important
seasonal variabilities on the shelf and shelf break of ECS.
There are a few papers dealing with the physical charac-
teristics of the TWC water. Hu/i [1982], on the basis of
satellite infrared images, suggested episodic intrusions of
Kuroshio waters into mixed waters between the ECS shelf
edge and the Kyushu coast. He also proposed that the
source of the TWC flowing into the East (Japan) Sea was

modified Kuroshio water plus a Kuroshio intrusion south-

west of Kyushu. Sawara and Hanzawa {1979] classified the
TWC water as a mixture of coastal water and surface
Kuroshio water. With regard to the formation of TWC, the
sea level difference between the ECS and the Tsugaru Strait
as the major outlet of the East Sea was proposed to be a
major cause [Minato and Kimura. 1980; Nof, 1993; Toba et
al., 1982] and the lateral transport of the Kuroshio through
the Reynolds’ stresses along the continental shelf was
claimed for the formation {Ichiye, 1984].

Due to insufficient direct current records and hydro-
graphic data observed simultaneously, the origin of TWC
and its physical characteristics have remained unclear, al-
though various suggestions have been proposed. TWC is a
key to understanding the circulation of ECS itself, the
Yellow Sea, and the East Sea, so that we need to collect
direct current and hydrographic dita to establish the forma-
tion and forcing of TWC, and its main path with seasonal
change. To achieve the above fundamental points, the Phys-
ical Oceanography Division of the Korea Ocean Research
and Development Institute launched a field measurement
program in the eastern ECS, which consisted mainly of
tracking of surface drifters and conductivity, temperature,
and depth (CTD) castings. The drifter experiment was a
Korean contribution to the World Ocean Circulation Exper-
iment/Surface Velocity Programme and was conducted three
times in 1991 and 1992 west of Kyushu, where TWC pre-
sumatly separates from the Kuroshio. CTD castings were

/N ) L
120° 125" 130°E

Schematic circulation patterns in the East China Sea. (a) Nitani’s [1972] theory and (b) the

conducted basically on two lines, concurrent with the drifter
experiments, to identify seawater type and its distribution.
Sea surface temperature of the ECS, regularly issued during
19911993 by the Nagasaki Marine Observatory in Japan,
was consulted for synoptic hydrographic features, especially
in the cold season. In this paper we present preliminary
results of trajectories of satellite-tracked drifters and de-
scribe temperature-salinity characteristics related to the
TWC water. The drifter experiments are the first direct
measurements designed to trace the path of the TWC.
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Figure 2. Study area, indicating release points of satellite-
tracked surface drifters (stars) and CTD stations (large and
small crosses, plus signs, and squares). Bottom topography
is in meters. KS, TS, and Tl denote the Korea Strait, the
Tokara Strait, and Tsushima Island, respectively.
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Description of Experiment

In order to locate the possible branching area of the TWC
and to get information on the seasonal pattern of the flow
path in the ECS, satellite-tracked surface drifters were
released west of Kyushu, three times on July 17, 1991 (three
floats), April 17, 1992 (three), and November 18, 1992 (four).
Figure 2 shows the release points of the drifters and CTD
stations with bottom topography. The drifters were standard
World Ocean Circulation Experiment/Tropical Ocean and
Global Atmosphere (WOCE/TOGA) type equipped with a
sea surface temperature (SST) sensor and holey sock drogue
644 cm long {Sybrandy and Niiler, 1991). The center of
drogue was located 15 m below sea surface. The drifters
were designed to transmit their positions and SST for 8 hours
a day to save battery power for longer transmission. In the
experiments in July 1991 and April 1992, drifters were
released at 127°E, 128°E, and 129°E, latitude 32°N (32°10'N
for April 1992), respectively, located on the shelf and in the
tongue-shaped deep trough west of Kyushu into which saline
Kuroshio water is found to intrude. In November 1992 the
releasing points were moved southward to latitude 31°N,
since the previous two experiments had not located the
possible formation area of TWC, and westward to measure
movement of shelf water on the midshelf of ECS to see
whether it is related to TC. The westernmost releasing point
was located at 125°30'E and 31°N. Table 1 presents detailed
information on the three drifter experiments. The total
number of floats deployed was 10, and the mean lifetime of
transmission was 96 days.

Temperature (T) and salinity (S) observations were con-
ducted basically along two lines for seasonal evolution of
seawater characteristics around the time of drifter releasing.
Distances between hydrographic stations were planned to be
short enough to resolve different water types crossing the
lines as shown in Figure 2. The hydrographic line along (or
near) 32°N between 127°E and 129°E (hereafter, line A) may
provide information on water masses flowing in from the
south and the north-south line at 127°E between the south
coast of Korea and 32°N (line B) to detect physical proper-
ties of coastal water coming from the western part of the
ECS. For the experiment in November 1992, two lines were
supplemented: an east-west line at 31°N between 125°E and
129°E, and a north-south line at 126°E between 33.6°N and
31°N. We also used CTD data measured in the KS by other
programs for a comparison of water types between the study
area and the KS. CTD measurements were carried out by a

Neil Brown CTD (Mark IIb in July 1991 and April 1992,
Mark V in November 1992). Some of the stations in Novem-
ber 1992 were measured by the Sea-Bird CTD (model 25-03)
because of a malfunction of the Neil Brown CTD. T and §
data were resampled every 1 m by depth averaging over 1 m,
after removing spurious values.

Results of Experiment
Summer Experiment of 1991

CTD castings on line A were done on July 17, 1991, on the
same day that three drifters were deployed at stations 10, 13,
and 16. Low-salinity water, less than 32 practical salinity
units (psu), was confined to a very thin surface layer 20 m
thick at all stations of line A (Figures 3a and 3b) and stations
5-10 on line B. The salinity in the surface layer increased
gradually from west to east along line A and from south to
north along line B. The low-salinity water is considered to be
the Changjiang River diluted water extending to the east,
since a large portion of the abundant discharged water from
the Changjiang River is known to be directed toward
Chejudo in summer when flooding occurs [Beardsley et al.,
1985]. The low-salinity water in summer spreads to the east
toward the deep trough in a tongue shape, but water with
salinity lower than 32.0 psu seldom reaches the western edge
of the northern trough [e.g., Korea Ocean Research and
Development Institute, 1993; Japan Oceanographic Data
Center and China National Oceanographic Data Center,
1988, 1989, 1990, 1991, 1992]. In the summer of 1991, the
fresh water extended farther eastward than normally, and
the surface salinity at the easternmost station, station 16, in
the northern trough was less than 32.0 psu. The distance
from the Changjiang River mouth to station 16 is about 700
km, so that the fresh water must have moved this long
distance, crossing the shelf area from west to the east and
keeping its typical characteristics of T and §. In the western
channel of KS, isolines in general were inclined downward
toward the Korean coast (Figure 3c) and a strong seasonal
thermocline separated the upper layer from the lower one.
Fresher water (S < 32.0 psu) in a wedge form appeared only
in the surface layer of the Korean coastal area. The rela-
tively fresher water may be a mixture of fresh coastal water
along the southern coast of Korea and the Changjiang River
diluted water directed to the KS in summer.

Saline water (>34.0 psu) occupied the lower layer below |
the seasonal thermocline in all three sections. Salinity max-

Table 1. Information on Satellite-Tracked Drifter Experiments in 1991 and 1992
Releasing Point

Float Date North East Water Duration,
Number Deployed Latitude Longitude Depth, m days
9728 July 17, 1991 32° 127° 124 63
9729 July 17, 1991 32° 128° 166 106
9727 July 17, 1991 32° 129° 821 17
2031 Aprii 17, 1992 32°10° 127° 112 54
2032 April 17, 1992 32°10° 128° 143 145
2033 April 17, 1992 32°10° 129° 466 184
11010 Nov. 18, 1992 31° 125°30° 63 24
11013 Nov. 18, 1992 31° 126°20" 81 181
11012 Nov. 18, 1992 3r° 127°10 110 83
11011 Nov. 18, 1992 3r1° 128° 210 102




504
£ 1004
5
[=¥
k%
= 1504
0 25 50km
—
2004 Temperature (°C -
32°N Line
Jul. 17, 1991
250

Slb 01 02 03 04 015 06 07

5
a.
%
= 150
0 25 50km
S——
2004 Temperature (°C)
127°E Line
Jul. 18, 1991
250+
St. 0l 02 03 04 05 05 07
0 =
= T
504
\ |5—-4—~\

— RS
E 1004
5
&
2 150
0 5 10 km
2004 Temperature (°C)
West channel of Korea. StYait
250 Aug. 12, 1991
Figure 3.

0 25 50km
—r]

2001 Salinity (psu) -
32°N Line
o) JUL 17,1991
Sl;‘ 011 0|2 013 0|4 0|5 OE 0:7 0.8 019 IP
e [—TY 00

AZAN

20

0 25 50km
bt
2004 Salinity (psu)
127°E Line
psod Jul- 18, 1991
St. o1 02 03 04 05 06 07
(o A A
=
=T
N . : . a‘?s °
5100-
=
(©z
= 1504
0 5 10 km
2004 Salinity (psu)
West channel of Korea StYait
2504 Aug. 12, 1991

Vertical sections of temperature and salinity in summer 1991 at (a) 32°N, (b) 127°E, and (c) the

western channel of the Korea Strait. CTD stations are marked in Figure 2.

imum (>34.5 psu) was found only at depths between 50 and
150 m of line A, so that the saline water as a type of the
Kuroshio water should come from the south. The bottom
water in the western channel of KS has a high salinity (>34.0
psu), but a low temperature (T < 10°C), which is different in
water -properties from the water in the lower layer of the
other two sections. This water has been found to appear only
in summer and to come from the East Sea {Lim, 1973].
Waters in the lower layer of lines A and B and in the middle
layer of the western channel of KS have the same properties

of T (>14°C) and S (>34.0 psu), although the CTD observa-
tions in the western channel of KS were made 25 days later.

Drifters with drogues centered at a depth of 15 m represent
the surface current field (Figure 4). Drifter 9728, launched at
station 10, moved to the north with a daily mean speed of
18-36 cm s~ and passed the western channel of KS at a
much faster speed of about 50 cm s ~!. The YSWC water of
high salinity is found to turn around Chejudo in a clockwise
direction in summer and to come out of the strait between
the southern Korean coast and Chejudo (cailed the Cheju

—455—



Strait) toward KS [Lie, 1987; Kim et al., 1991]. Fresh coastal
water along the south coast of Korea flows into the western
channel. The eastward movement of both the YSWC water
and the coastal water may contribute to the speed-up in the
western channel. Drifter 9729 released at station 13 moved
northward for the first two days and then turned sharply to
the east. It maintained its direction for several days, crossing
the northern wall of the deep trough at about 25 cm s~ ',
changed its direction to the northwest near the coast and finally
ran ashore on the coast. The northwestward coastal flow along
the Kyushu coast has not yet been reported (to the authors’
knowledge). On the contrary, a drifter released at station 16
inside the deep trough moved southward slowly along the
Kyushu coast with a relatively faster speed of 10-20cm s “lin
waters 300400 m deep. It finally joined the Kuroshio to flow
out of the northern channel of the Tokara Strait with a
reinforced speed of 20-30 cm s ™', crossing isobaths.

Trajectories in the trough west of Kyushu might suggest
the existence of a large meander or an anticyclonic eddy.
Tongue-shaped isotherms in the trough, present year round,
may imply the existence of persistent meander motion at
least along the shelf slope of the trough. There is some doubt
as to whether the movement of drifters describes an anticy-
clonic eddy, since the trajectories did not show a westward
flow to the south of the eastward flow along the northern wall
of the trough. However, the existence of an anticyclonic
eddy in the trough has been seen on NOAA infrared images
[Qiu er al., 1990; Sugimoto and Tameishi, 1992; Chen et al.,
1992] and clearly detected by trajectories of drifters
launched in the autumn experiment of this study (see Figure
9). If an eddy exists, it is believed that the eddy is framed by
a northward flow on the left side of the deep trough, an
eastward flow along the northern slope, and a southward
flow on the right side.

Surface drifters in summer did not indicate the TWC
transporting saline Kuroshio water toward KS, since
drogues were located at 15 m in the surface layer of fresh
water. However, the current velocity in the lower layer of
saline water can be estimated approximately using the geo-
strophic velocity. Between stations 10 and 13 on line A, the
difference in geostrophic velocity was less than 8 cm s~}
between the drogue center and the salinity maximum layer.
Drifter 9728 moved to the north with a daily mean speed of
about 30 cm s~! during July 17-20, so the current in the
lower layer around station 10 was estimated to flow north-
ward with a speed greater than 20 cm s ™' In KS, the above
procedure cannot be applied due to a time lag between the
passage of a drifter and CTD castings, but previous direct
current measurements showed the persistent, strong north-
ward movement of the TWC water [Shim er al., 1984,
Mizuno et al., 1986; Kaneko et al., 1991},

Spring Experiment of 1992

The spring CTD experiment was conducted in April 1992
at 16 stations of lines A (moved to 32°10'N) and B, and at 20
stations across the KS. Hydrographic conditions in the
spring were much simpler in comparison with those in the
summer. T and § on the shelf of the ECS and in KS became
vertically homogeneous (Figures 5b and Sc). Low-salinity
water appearing widely in the surface layer in summer
completely disappeared due to « drastic decrease of fresh-
water discharge, and then salinity increased to more than
34.5 psu everywhere in the threc sections, except for a few
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Figure 4. Trajectories of three satellite-tracked surface
drifters (9727, 9728, and 9729) launched at 32°N on July 17,
1991. Starting points are marked by square symbols, and
arrows are placed on trajectories every 5 days from the
launch.

coastal stations. Thus we see the saline Kuroshio water over
a wider area of the eastern ECS. Surface water cooled down
by about 8°C, mainly due to winter cooling as compared with
that in the summer. On line A crossing the deep trough,
salinity was vertically uniform, but isotherms were horizon-
tally distributed although its vertical gradient was greatly
weakened (Figure Sa). Shelf water (Figure 5b) was weakly
stratified, and the surface mixed layer was deepened with a
weak thermocline around 70 m. Temperature on the shelf
decreased gradually from south to north, indicating a ther-
mohaline front in the Cheju Strait. In KS, T and § were
vertically and horizontally more uniform without a thermo-
cline near the bottom than those in the other two sections.
The whole section of KS was found to be occupied by the
saline Kuroshio water,

Figure 6 shows three trajectories of the drifters released
on April 17. Drifter 2031 deployed at station 10 moved
northward to the eastern side of Chejudo with a daily mean
speed of about 15 cm s ™!, turned suddenly toward the east,
and then passed at a high speed of about 25 cm s =1 over the
area between Chejudo and Kyushu Island. It died near a
small island northwest of Kyushu, although the float was
expected to enter the eastern channel of KS. Float 2032
released at station 13 changed its direction from north to east
two days after release, crossed isobaths of the northwest
wall of the trough with a relatively high speed of 24 cm s ™!,
and rotated twice counterclockwise near the northern wall of
the trough. The first eddylike motion during April 24-28 had
a diameter of about 25 km, and the second elliptical rotation
during April 28 to May 18 was elongated along the northern
wall with major and minor axes of 100 and 40 km, respec-
tively. After two successive counterclockwise rotations, it
moved again to the east at 20 cm s ~! along the northern wall,
switched its direction to the south off the coast, and then
moved down with a speed of 30 cm s ™! along the coast to
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Korea Strait. CTD stations are marked in Figure 2.

join the Kuroshio in the northern channel of the Tokara
Strait (TS in Figure 2) off the southern tip of Kyushu. The
third float, 2033, starting at 129°E, followed isobaths of the
northern wall after making a small circle with a counter-
clockwise rotation on the sheif slope, and then moved to the
north with a speed of 10 cm s~ near the same position
where drifter 9729 turned its direction to the north in late
July 1991.

From the springtime paths of the drifters, we may draw a
clockwise rotating circulation in the northern trough, similar
to the summertime one, although the current was a little
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Vertical sections of temperature and salinity in April 1992 at (a) 32°10’N, (b) 127°E, and (c) the

slower than in summer. Saline water transported by south-
ward flow along the Kyushu coast must be compensated
mostly by a northward current on the left flank of the trough.
The existence of northward flow on the left flank of the
trough was clearly seen in the fall experiment as expected
(see Figure 9). The observations in the summer and spring
experiments indicate an apparent bifurcation of the eastward
flow along the northern shelf slope off the Kyushu coast: a
southward flow on the right side of the trough as part of the
clockwise circulation in the trough and a northward coastal
current along the Kyushu coast north of the northern wall of



the trough. The spring drifter experiment showed that clock-
wise circulation in the northern trough was accompanied by
counterclockwise eddylike motions of a smaller scale on the
northern wall.

The trajectory of drifter 2031 released at station 10 is very
different from that of the drifter 9728 in the summer of 1991.
It approached the east coast of Chejudo more closely and
was directed to the eastern channel of KS, whereas drifter
9728 shifted its direction from the north to the northeast in
flowing northward, and entered the western channel. From
late autumn to early spring, when the winter monsoon
prevails, a thermohaline front is formed parallel to the south
coast of Korea on the shore side of a line connecting
Chejudo and Tsushima Island (TI in Figure 2) inside KS
[Gong, 1971; Lie, 1985]. Cold coastal water is found to
extend offshore when the strong northerly winds blow [Lee
et ul., 1984]. Thus the drifter on the shelf could go further to
the north near Chejudo and move along the thermohaline
front toward the eastern channel, not crossing the front. The
front was more clearly seen in the fall of 1992 (Figure 7). In
summer, abundant freshwater input into the coastal area
spreads offshore in the northern ECS, further advanced than
the wintertime front, and forms a wedge-shaped surface
layer with lighter water against the Korean coast in the
western channel of KS. For this reason, the path of drifter
9728 did not approach Chejudo and entered the western
channel of KS.

Fall Experiment of 1992

CTD sections carried out in November 1992 are shown in
Figures 7 and 8. Line A was moved slightly to the north
(32°10’N) as in the spring of 1992, and the north-south
section was chosen in KS. T and § show that the surface
mixed layer was thickened mainly due to surface cooling and
wind stirring, so that the seasonal thermocline was deepened
with condensed isotherms around 70-90 m. The isotherms
on the shelf of line A sloped down very gently toward
Kyushu, and salinity was in general higher than 34.4 psu,
slightly lower than that in the spring of 1992. T and § were
horizontally homogeneous in the mixed layer on line A. In
the section of 31°N (Figure 8), T and S were vertically
uniform in shallow water on the shelf but increased gradually
from the shelf toward the trough, indicating a weak salinity
front between stations 25 and 27, not far from the left edge of
the trough. Water of high 7 (>21.5°C) and high § (>34.3 psu)
in the mixed layer of lines A and B can be classified as the
same water type, so that the saline water on line A must have
originated from the Kuroshio water flowing northward.

Vertical sections of T and S on the two north-south lines
in Figures 7b and 8b indicate formation of a strong thermo-
haline front at stations 37 and 38 west of Chejudo and near
stations 2 and 3 northeast of Chejudo with a secondary one
around stations 5 and 6. The thermohaline front running in
the east-west direction has been known to be formed by
coastal water of low T and §, and Kuroshio water of high T
and § around Chejudo [Lie, 1985]. The thin lower layer on
line B and in KS was occupied by cold and a little more
saline waters. Vertical structure of 7 and S in KS (Figure 7¢)
demonstrates a good contrast of seawater properties be-
tween the western and eastern channels. The upper layer in
the western channel was strongly affected by the Korean
coastal waters of low T and S, and sharply separated by
high-salinity water in the lower layer. In the meantime, there
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Figure 6. Trajectories of three satellite-tracked surface
drifters (2031, 2032, and 2033) launched at 32°10'N on April
17, 1992, Trajectories in a rectangular box are enlarged in the
lower left panel. Starting points are marked by square
symbols, and arrows are placed on trajectories every 5 days

from the launch.

was no fresh water in the eastern channel. The seasonal
thermocline and halocline were still maintained around a depth
of 90 m. The outer boundary of the front in KS was located
near station 5, near the southern tip of Tsushima Island.

Figure 9 presents four trajectories of the drifters’ release
on November 18. Drifter 11010, deployed at 31°N, 125°30’'E
on the shelf between stations 29 and 30, was alive only for a
short period of 24 days. The float moved eastward with a
very weak mean speed of 3.4 cm s ™', crossing isobaths. It
offers information on currents on the shelf on the shore side
of the salinity front. Drifter 11013, released at station 27,
moved slowly with the same mean speed as that of drifter
11010 to the northeast up to 126.9°E, where it turned its
direction to the north and crossed the path of drifter 11012
one month later. It arrived near the southeast coast of
Chejudo with a faster mean speed of 10 cm s ™!, following
isobaths of 110-120 m, and turned to the east around the
outer edge of the thermohaline frontal zone near station 3.
After passing the area between Chejudo and Tsushima
Island with a rapid speed of 35 cm s ™', it entered the eastern
channel of KS on February 11, 1993.-The float seemed to
follow the thermohaline front.

Drifter 11012, launched at 31°N, 127°10'E, moved north-
ward with a speed of 10 cm s ™! before being picked up by a
local fisherman. The drifter, again released near 32.6°N and
126.9°E on December 16, followed the route similar to that of
drifter 11013 with a slight shift to the right in the area
between the redeployment point and Tsushima Island and
passed the eastern channel of KS. Drifter 11011, starting at
station 22 on the western flank of the trough, moved north-
ward at about 35 cm s ! along the shelf slope of the trough,
crossed isobaths in the northwestern corner of trough, and
turned back at a slow speed near the releasing point.
Consequently, the trajectory during the first 42 days formed
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a clockwise rotating elliptical loop accompanied by three
smaller clockwise circles in the northwestern trough. Its
major axis was parallel to the isobaths. Near the initial
release point, it moved southward along the shelf slope at a
speed of about 30 cm s ™! and then formed a counterclock-
wise loop in the southern trough with a rapid rotational
speed of about 45 cm s~!. It moved down again along the
western slope and turned to the right to flow out of the
Tokara Strait. The major axis of about 170 km was parallel to
the southwest-northeast. The maximum daily mean speed
was recorded at about 90 cm s ~', comparable to the speed of

the Kuroshio, on the southern part of the anticlockwise loop.
This may indicate that the main stream of Kuroshio is
located near the southern part of the loop and is a cause for
the formation of the cyclonic eddy.

Summary and Conclusions

We described drifter experiments conducted three times
over 1991-1992, together with CTD observations, for the
study on the origin of the TWC and its seasonal path in the
eastern ECS. The ensemble of 10 drifter trajectories as a
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Figure 10. Ensemble of ten satellite-tracked drifter trajec-
tories marked by arrows representing daily mean current.
The scale of arrow vectors is marked in the upper left
corner. Four drifters crossed the thick line southeast Chejudo
on January 20, 1993, April 28, 1991, December 22, 1992,
and July 21, 1991 in order of the distance from Chejudo to
the crossing points.

synthesis of the experiments (Figure 10) point out, first, a
persistent northward current on the shoreside shelf of the
shelf break west of the trough flowing toward KS, second, a
southward current on the right flank of the trough along the
west coast of Kyushu, which finally joins the Kuroshio, and
third, the existence of a clockwise rotating eddy with a
diameter of the order of 150 km in the northern trough in
winter. Although the western boundary of the northward
flow corresponding to TWC was not observed in the spring
and summer experiments, the fall experiment of 1992 indi-
cated its western limit near the outer boundary of shelf
water. The persistent northward flow of TWC directed
toward KS was observed to exist on the shelf between the
western flank of the trough and 126°E. The new finding of the
northward flow in water 100-150 m deep on the shelf, which
corresponds to TWC, is different from Nitani's [1972] sug-
gestion that TWC flows northward through the trough. The
existence of the northward flow on the shelf west of the
trough and a clockwise rotating eddy in the northern trough
has not been detected on the surface flow pattern derived
from the long-term GEK data, since the GEK data do not
properly represent the surface mean current field in shallow
water, especially in a strong tidal motion area.

Some authors claimed the Taiwan Current for the TWC,
based on short-term current data and inflow-outflow numer-
ical experiments. However, Fan and Yu [1981) showed that
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the Kuroshio branch did not exist during the summertime,
but rather surface warm and fresh waters flushed into the
Taiwan Strait. Wang and Chern [1988] discussed seasonal
hydrographic structures in the Taiwan Strait, with long
current records. According to them, in early summer to
autumn there is no Kuroshio water in the Taiwan Strait and
the South China Sea surface water of low salinity flushes into
the Taiwan Strait. In autumn-early spring, the saline Kuro-
shio water is mostly blocked in the southern strait, which is
revealed by a strong thermohaline front formed across the
central strait. In winter-spring. stagnated Kuroshio water
intrudes intermittently to the northeast along the west coast
of Taiwan when the northeast wind relaxes suddenly. By
comparing hydrographic properties of seawater in the Tai-
wan Strait (Wang and Chern, 1988, Figure 6] and KS, the
water flowing out of the Taiwan Strait is found to be less
saline than TWC water entering KS except during midwinter
to spring. Meanwhile, warm and saline water (S > 34.0 psu)
was observed to exist in KS. In addition, drifter experiments
in 1986-1987 as a part of the U.S.-Korea-China joint pro-
gram showed a southward flow on the midshelf of ECS
within 124°~126°E, 29°-32°N during January-March 1987,
exhibiting clear evidence of partial wind driving [Beardsley
et al., 1992] and a northeastward flow north of 32°N in
summer 1986, entering the Cheju Strait [Choi and Lie, 1992].
The northeast flow, however, represents the northeastward
extension of freshwater discharge from the Changjiang
River, not a continuation of TC. Thus the suggestion of a
continuation of TC is not supported by the observed results
mentioned above.

It is noteworthy to examine the seasonal paths of the
drifters in Figure 10. Of the 10 drifters, four passed by or
were released at station 10 at ditferent times; mid-July,
mid-April, early January, and December. The four trajecto-

ries became more and more divergent while flowing north-
ward toward Chejudo. A thick line crossing the trajectories
southeast of Chejudo is marked in Figure 10 as a reference of
the divergence. The path in January was closest to Chejudo,
and other paths off the east coast of Chejudo became more
and more distant from Chejudo in the order of April,
December, and July. Only the drifter farthest from Chejudo
entered the western channel of KS, but the others were
directed to the eastern channel. The different paths seem to
be closely related to the seasonal hydrographic structure
around Chejudo and in the southern Korean coastal region,
as mentioned earlier. During late fall to spring, when the
thermohaline front is formed along the line connecting
Chejudo and Tsushima Island, the drifters moved along the
front and entered the eastern channel. Meanwhile, in sum-
mer when fresh coastal water extends offshore in the north-
ern ECS and is confined to the Korean coast in KS, the
drifters were shifted eastward from Chejudo and flowed into
the western channe! of KS. Furthermore, drifter paths south
of Chejudo do not support separation of the YSWC from the
TWC as suggested in Figure 1a. Beardsley et al. [1992] raised
a similar question on the separation of YSWC from the TC in
summer. We presume that saline and warm waters enter the
southern Yellow Sea intermittently in winter, primarily due
to prevailing wind fields over the sea. More details on the
YSWC are beyond the scope of the present study.

Coexistence of an anticyclonic eddy in the northern trough
and a cyclonic one in the southern trough in the cold season
was first shown by our drifter trajectories. The physical size
of the eddies was found to be about 150 km from the elliptical
loops of drifter 11011. The existence of an anticyclonic eddy
was observed on NOAA infrared images [Qiu et al., 1990;
Sugimoto and Tameishi, 1992; Chen et al., 1992). Chen et al.
reported that the formation of the eddy observed in January
1986 was related to a westward return flow north of the
Kuroshio core. Due to lack of observational data in the area,
we are unable to clarify the generation mechanism; however,
the anticyclonic eddy seems to be generated in close asso-
ciation with the northward flow on the left flank of the
trough, turning around the trough, while the cyclonic eddy
seems to be generated by the Kuroshio main stream passing
by the mouth of the trough toward the Tokara Strait.

Our experiments were performed a little further north of
the separation area of TWC from the Kuroshio, so the
formation of TWC has not yet been clarified with direct
measurements. However, our combined data of CTD and
drifters exhibited a persistent northward flow on the shelf
west of the trough, which transported the saline Kuroshio
water toward KS, although its characteristics are somewhat
modified by mixing processes with fresher shelf water. What
causes the separation of the TWC from the Kuroshio? The
fundamental question for the origin of TWC may be ex-
plained in a very simple way. The Kuroshio is not horizon-
tally uniform in speed, with a significant horizontal shear
across the stream, weak on the shelf and strong on the shelf
break. The main stream, located on the shelf break, turns its
direction toward the Tokara Strait just before the southwest-
ern corner of the trough, and overshoots the mouth of the
trough, following the same isobaths. The shoreside fringe of
the Kuroshio with a relatively weak speed on the shelf and
near the shelf edge does not leave the shelf and might change
its direction toward the north around the southwestern
trough. After separation, a part of the northward current in



shallow water 100-150 m deep continues to flow to the north
and another part near the shelf edge turns around the trough.
Both the main stream and its northward branch still satisfy
the potential vorticity conservation, which implies the im-
portance of topographic control. There are no hydrographic
and current data to give direct proof of the separation of
TWC just before the trough, so field observation programs in
the near future should be focused on the clarification of the
branching mechanism, together with the physical structure
in the branching area.
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