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SUMMARY: : ., .

r

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 intemationalization 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
- Qceanic processes occurring in the branching area of the Tsushima
Current
- Summertime structure of oceanographic conditions around Chejudo
- Model study on tide and oceanic circulation
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HI.  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 Uniyv. -
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
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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
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- 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.

1

!
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— A southward flow was observed on the shelf slope of line ].
— 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

1

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 northermn East Sea and northern East China Sea.
- The dominant periodicity of the first and second modes is 0.5 cpy.
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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 C) 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 northern part of trough and then flows into
the shelf area and the Kyushu direction
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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. Intermal 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
- Tsushirna 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.
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— 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
[sland, 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 Dacheuksan 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.
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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 ] 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
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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 bottom 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*’~r for nitrate, 0.09 mol/m%yr for phosphate and 1.8
mol/m*/yr for silicate. Nitrate supplied by upwelled water contributes about
22-66 % of total nitrogen requirement for phytoplankton primary productivity
(83-25 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

kzq__
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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-1 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 - 66.2 %. 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 flucrescence
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 cwrrent 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,

respectively, and the deviation from observed values are 19, 15%,
respectively. In case of K, tide they are 3.9(26), 7.4(1.3) cm/s and the

deviation are 67, 18%, respectively. From the results of model verification
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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 S$S=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 westem 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 sinusocidal 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.
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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.

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 Decemnber 1093. 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 fto 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.
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et F2 FRAA Y Y-S F5A42 AFE A JME A5E
o] 523 7{1'-?%5'_ (characteristic space scale)2 $E3] E3lT 4= AL Axs
B2 FeA &30 R3] e g3 983 ojato] 27T ole Him
A A2 didezr AF{FE BFYE 5 A= ARGOS 9= H o)l ZALY L%
ol F2d ADCPE ©o]8-3l 1994d 8-9¥€4] T T2 FHe A 8=
}E AABA T 19803 Futel] MEE o] Frhx] Wby e F-8&Alo] AAAF

2 99 QAo 19919 RE FYAME HFBRe] =83 WHow 83w
A

A 2 A ARGOS EZXold| 2% 8 FxA}

AdFH ol o} dFZAME Lagrangian Wi o2 X HR|E =slsly
Fole] HA1F QAFA4eR EASE ol = ATAAY FA o] (satellite
tracked drifter)®] $JXE FAEE MIstes JAHoz BUHYs Y B &
£33 FATFEES FRAE Aolt). BE o] A¥L 1994-10953% AlA s 4
B4 WOCE 237 Z=29 (Surface Velocity Programme)?] 8k Algo 2
FHEHARL, FolAdFE B/A & 2 FAFATYS AL 1990-1993W0] A A
T3 ‘Kuroshio | HlM 3P EAT 1)'e) BN (o]FA) 5, 1993)9] =}
Ad ANednz, AEd AZagd g Ag-e Sybrandy$t Niiler (1991)°] ¥
Aol ZA|3] FEE o

2 GFME AEEA AZUE Moz oFAAR MNdasgt = o
ot ¥ A e T3 FHA N 2Fe e G X4 o8 g5k
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B7Fe7] A BT 24A17F A4 $ASE T, 2 YRR Fol7t ¢

WS Blold Fgol %] W HL-E ol77) Yatdd 320 84 zhur K3
%}31 16A17H2 S8 8 hours-on, 16 hours—off W< @3l
Folef F3A7 B/ (drogue)d] 441 1991-1993% 43)o] 24 AAIG 7
oldyd A3 (Lies}t Cho, 1994; o] = <, 1994)2F WOCE BZE{22ade) g
43t st AFstAT el Rol: fex ge abghe 1 2}3}tr] 9] sto]
vl Aol ettt (1) F4r BGA% 30° N olge) Axe ge = U ol A
FRZAR9] AQME Azl s} £ REang FelE=4], 2) 2e =
ME AN FFFA NSETEA FRAL e ANAA &y} olgA &
2EA, (3) dupdie BE2)193 A= Ao EHDP** FAZE BT Aoz o)
FEe TAHGAAM oW BrE vl BYSsA, @) ARE :1:101]"1——] B
#7F ol® Z2E us dasge = 7‘1%’33’}"7‘]@] N AFARE 2L 4 g
= Ao A4 Aok (D€ AW 40, 2 A9 33U, (3)e 94 T,
@S A8 5o, F 119 RolE Fasigon Saxzye a8 [-13 o
Fol F3AH, T g A% yee ® 2-13 no.

r>, £ m[o

o Fa Y AL 2 d7dMe 58

1991-19939 =9 43 HAIg BoldEL BF 31° N o]% s|doja] o]=o
ML CTDALE 9} T@3te] oldllo} 22 W7kA Fad Nae 2A3s c2a9
o,

D 75 ARde 918 $4o] e T A% NFRANE BINIRS )
A&H0 2 Zej/les BAF7T 431,

2) ¥ LBX YIFARANE #F4 M%E gl E2: Jgist EAsE, o
HEFRE 27 Esel YoM Kuroshiod) 530,

3 F H¥Ae] A4 100 km FE AAREe 2 A 28507 2
_l_ll

4 F7HE-2ALY FRALY QAR AglEr) 22 wal BEASEA 2
25¥ 7o FAg
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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° 1794’ 260 15
23016 3 Sep. 1994 29° 17.88 127° 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° 5072 127° 0.09 101 30
23024 31 Aug. 1994 30° 3999 127° 4988’ 164 30
23018 5 Sep. 1994 32° 3023 126° 160 100 15
23023 7 Sep. 1994 33° 002 127° 202V 127 15

1991d 22l 790 3ol HolE E3lslg ot XAPIAZE 32° Ne2 &
QoA 435 B Wolpr] wWEd doldFel A5 VAR EAE=R
2 w3 471 g wEbA 19949 8-99 AFoAME dinhdRe Erides
25 Zo) A& Tl JXF 44Ao] FA3 W3 BF K5 T WA
o stz 49 Rols F:spsigu (2¥ 2-1). T FAF4AS Fo
21581 wFo] 15 mol®T GE AulE 50 meldt AAH-E A& 2-3¢T AR FTF
AN wel BESIHEA Koo 7hHo] 234 dojgoh o] 230202 AA7
o2 e Folrt 30° N Box Foz Wad A3y =& 7I23y B
7lat e s AAsPeE 541 180 mol £ Ho] 230205 T Yo

G40l e B FYVE HEUHAOY T FLL G BASNA 91 BA
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T3 ¥ 39z HIEHE&S HYE #ASAAREH 39, 4, 70, 71 cm/sE F7tE}
o F2A|L 9 shear’t W3] F& & 4 vk K5 F24AM 50 m39] shears
$olo] AT NEADZYE FAHE oF 2 cm/s) / km FETh o] 23020
o A2 44 ¥ 4% K] 10-20 cm/s2E FA #AE FEE AFE=AA 9
FIAMTH FH, T EF% TN FRAL BE{ES B3 E7 dgez A97
Folo] AXL FHAFHQ ¥ FEAL EFalx] ol o] 230202 A9

odl
=)
e
of
(o,
..?.i.'.-
R
"

F2ZAL FAS FFTe dEE FAE F5IIAY USRI M2
vhi} AM-E FASA Hol g Tgo] dojuis Aoz AT Qo
(Huh, 1982, Kondo, 1985) &£ 552 g3l7] 43 ol4r7s% 7 A==
g B35 Aot} old MEFF Tl e T Fo] WY FRE Az Fo] 3
HE A L1, K2, K40 F33ldth (2d 2-2). L1z K2e F33 Rolo] &
M) A2 15 m, K42] A9+ 30 m=E X552 352 =& 3y

99 3¢ 4 124 mQ K4d) F313F Fo] 21682 21 km HolR 44 180 m
(K5 2ol 5343k Ro] 230203t 23, A3 743 A= olFsgdert 9
9 99 g WS Boz ulie] 100 m THAAL wal AAF] BAIIRch
GAE o) u A ALEDY FHEFEHS 6 cm/s BEE o govt 98 6¢F
B 20 cm/sZ 73] At 100 m §544S wa B43e S5 A2 4 A4
2 T87] AZA = 10-20 cm/s AEE FAFAS. AH K49 KSAFe] shears
215829 230209 A A1ED AHoZRE ALSE B9 F£40] 305 50 m=
atol7t Q71 s oF 225 (em/s) / km BTo|ch,

99 39 4ol 104 mel K24 F3ahgk F-o] 23025% 168 3tell ZX A|AYE
o2 FAs: 84 HAF¥ L I8 F BT 9¥ 24Y 2PAEe R FAEHE
Fol4e] o Fx AL R olFHIUY (olFH£Eed ALAHOZREH F
). e} AZLE A3 FESHE, 99 4-6Ud= 13 cm/se] £52 ERo=Z
o] FF AT, 99 7-10¥9= 2 20 cv/s9] FVHE xR 2 BAM R olF3lT, 99
10-16¥l+= 10 cm/s migteE XA & 20 cm/s2] WE £52 BF5 3N
o w2t A R AR a8 FAFe BERe fdol e AU E 2t 9
t}. o] 230259 215829 #WAHL 28° 50-20 40° N Alo] WEFEo] FNFE
7 50 km, ARt 15¢ AEo SA4E e HAHF (frontal wave) WA
2850l &7 7MeAL AAEIR ATt FRAIL AMAE-E SSTY F7HH]
7V dA Sl B AAdG A FGAREC F A el (¢, Guo §,
1990) &-Zr-ul7h ol e Wt Al- o= Aol olgh
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o9 32 24 92 m$) AF Lldl S31§ o] 230229 olFHAE ArH o g
120 ojQztel BA 90-150 m SFAAL Wt FHR olF s 95d: 19 =9
gorE® gdo REF ¥ WEe FOoE v ¥ WE £E2 ol% Y F2A
oo T waka Folo HAHE MEAEE e EEdw H2A 9
wige] 3 RegzA S3Te 544 100 m P B4 RAAE ViRt
o oleidt SR TMY AW 5L Mo #EHH Y o=
o] BEFe] EFo] EAGTE 7 AT A s Aotk uhtA
223 q5ade 3 g 7 3
7} Wasich golAM A uiek Zol 441 100-200 me WEEadar FA
9 23t A ost FAsA BEAs] drbdied dFE 3
=% (d), Inoue, 1981; Katoh %5, 1994) 3 LX) 34 =t o »ag
shatel 19959 19% Wi EEZE 200 km Ao =FE Fole To=
up3el 50 cm/s oo HE T2 olF e 22X RFI FH3AT
uEgae ZIAL FE247 HEAES Asy £23FTt Bl FREAL
Fo8o (Hsueh 5, 1992). waba dizt 3FFde T 9 Aadel F4=H7
oAl oo AL AL te Zsxle ez wud ¥ AW (Chao,
1990; Chern® Wang, 1992). Wit ZEs|de)r Hol7} FHOE o]&F3he A&
gERoz gole F2AL FTESF7 FRALE BERd ¥RALC ¢@TEE
dwo] 7hssht 100 m $41S g GARse 498 g2 W HAEHo|of
3 Abglelnt

PR 522 RANE FH AW 22F A=) AT 29-30° N
Ho gERTAE 50 km A% FITEE RE AdHAT F2 AgEol7} 3
. 30° N olZaMdE BaHrt a3y 29° N ol FAR7t FTE3
Eo)s Z7mzE e Aotk §%, 100-150m FFEALSE WE 5

e BHEEA YD FHAFE ABRFTHG FRAL T35 &
2 A" A npe oot FAse F2ALH RIS o2 UER

e o

o
(e
ko)

fr 4
f

o £
ok £
(2 omle uf (ff

o 2
2

X
=l

0o ooz
"o @
fr

. Helds 27197 AFE Ato] SN B8

Ao AgtE sl FakE Fo] 230208 AL BEAS 4ol
7o =g ZA (128° 30° E, 31° 45 N) A3 FEAR e ERENEH &
A3 ol@Eg ot 99 159 WAAMEe 2 90 A&t Fo 4% T
42 FlzAs Axg geg gE 2EAsiy 99 209 A3 AFE FHIARLE
2AFAT (O 2-1). FRALZEE 02T F AFL FEAGH =28 o
7hA G4 10-20 cm/s AEES FASHET

D
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g4 101 mQl H4 BH 8¢ 31¥ 5385 30 m Fo] 23019 (2§ 2-3)=
100-150 m 4-& o=} 14-23 cm/s9 F&50 2 EEAse 99 10973 T =2
A% mAde g% & £A 150-500 m AFH A 178 2R AlAMSEe] g}
LAHE 283 GA] B3 nxd: BAsidd g oFzt Ao g dAAe 1
A %5 ESFe2 AYsac.

A3 H8 ¥ 4 164 moll 8¥ 31¥¢ F3I5E 30 m Fo] 23024 (18 2-3)=
AREE AT ZHE H UG &2 #E7(7bo] A5 H4e) %33 Ho] 230198t th=
A Feade wet oF 15 cm/sY FrEHo = FIEiNth 3, 99 7-89 BH
Hi10-H1l A}o]lE T3] Fof 23020 (28 2-1)% BFAsPc= AMAE 7ihetst
| F S AAdAA Y sFs B33 IAFERE 2 AL & F U 8¥
30-31¢ H LA 5245 TAE40] BF H4st HS AlololA 2 E31A 2
oAy RS Ztn Qo AFFoE Aubd A H4ZgAE BIFF, HS
LM ZEFE ZA 2 Aol ulalA Folg olFe] HAR NHEF] EA
= Ztx v E 4 o

A% Kdo F313F Rol 21582 (2@ 2-1)= BEXNSI AA 13 FdA] 99
27-104 7¢ REAIANGEY #e BgdH e w2t olFsla, 108 2547 A
100-150 m SF44E B2t 10-22 cm/se] £E2 ASEAslA 127° 25° E, 32
° 25 N o] 223t 2F oF AR MAstgar 119 14 35 159714
10 cm/s®] =8 £52 B8l AFE d&e =233t

31° N o]gelA 5313 Algiel o] 23019, 21582, 23020 A= & 7=
wal BAslg eyt otA 127° 30° E, 31° 45 N -2 &) st 53 A4
rEN T (¥ 2-5). Folv Z37] 99 74, 109 199, 99 25973 o] B2 &
A3 7 e XF HARE BAASIA gigkses AYsidn. ueltA Ak
FHY L VTR BAF ZE27 A7l s azslAd wala ee &

k. H, 100-150 m T4 FHO o AS4E HoXes XNIFEA

23 Qeor A Yol BE tiAME 44 100-150 me WolulA &gkt e
2% g3l

tlo

N e ¥

vt Al FHI gAY 5

AFx FAZ X5 £4 100 m] A D8z G&5Zd AT 4 127 m
A B3 G6oll EAML] F41e] 156 m?] o] (23018, 23023)S 99 5U} 7o) zhzt
Tt i (1 2-4). 98 ¢ AR HFE AFT MEddez Bat
Al #Azd=o] ANem AH DB F-alole] A5 @io] 315 psueldtz a7
B Mp7t ARk A[/T (A 3 F FZ). o] 23018 A 5UZHS 6 cr/s9
= &£E 2 BS99 9 HES BME HEG F AFESE QEEq R
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AlAREEO 2 Fol 12-2] c/se] WE £% 2 AFHYPor AYsgct 108 %
& AFA] AGHGE FHIWA olFLEEI) HS BaAHow dESPY Mg
=% 30 -70 civ's®] £52 EAste (dWvk: B2 T3 109 7)) FIE A
st 9, FAFEM ] P A F-S WA G, AFol 33.8 psuelAte]
DHE7F 2RAHE AA GOl T8 FolxE 20-25 cm/se] f&o @ 39z B
sl ot 1% S A3 Heoz AR 35-65 cm/se £EE AT E
B33t (dete B2 53 9% 209) T2 g3tk

K53-Zo B3l Fo] 23020 (¥ 2-1D2 AF G7L 2302380k 3= =2 10
4 797 Sl ey 4TS T3 (drke 22 23 109 159 4) E3
2 RAYstHch dielest A= 30-40 cm/se] BME £S5 2 o3P oy F4EEE
EFSAA 10-25 cm/s2 A& EATE 33, Hiol S8k o) 23019 (18 2-3)
T IEEx EA492 v 109 sk digdsigoz A3 F 20-50 cm/s9 &
T2 FEsE FHsAT (divte 22 534 1149 29). Kdol F313te] 21582
(48 2-2)= 119 20€ 74 AFx FFd =E3 Ho] 21582% 15-30 cm/sZ U
mME7tA] F23tt ke gdetelA vkE B43stel MerE 3 (drlz B2
T3 119 28973) sAth dirt: dadA #HAL Fo} 230199 Hsdgony
FAY TFEE B3 v Axe MEEE AYsan Asx Y F &
= 20-40 cn/sE 27HE %1

e 25 T AFE &9 £4 100-200 me] HH-E T3 st
Rol= diRE digsdez APt 33° ofBHE THEPE Fole] HAHol A
2 FHIA He] f&o] 433 Sl (I 2-5). 33° N oA Zof oF 250
km¢! 100-150 me] 4449 Zo] Yirtx PidoA 100 kmE Folles A3
2 EAott 23 AFE ARsdoz A GRS dxgl gy
ARSIt AFANY-S B3 RasPgoz §== Aom HAE 4 o), ula}
T GRAGAE g FYol HBEA Hole #HHo QLY s B
oA E = QEAt HPF T Ao 2 BB ol A gEo
=2 AgAn Qe drlkee] 2¢go] f4 (streamline)S EEA]F|= AL 3te
Aoz el

A 3 A ADCPY)| 93 #&u=

CEEEEREER
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WE LZR7INAN NE771A 9] 717t NG #Ede QA y Az

< #EHE 2EF 549 Fsd £4 1000 m o1&l Qs Zo)
>3 Ui T FHACGe2 (¥ 2-6) SHU AR £ slss 34
350 m Bt &2 ARG sAA9] ol e dig AU 5L5S AN
= bottom tracking mode (BT mode)®Z BZ3 P F4¢] 350 m B} 2o A
A ME vg7tA 971 E2F £ Q7] g2 ADCP AA S 7oz o
4% &3l none tracking mode (NONE mode)® &3t None
tracking mode®] 79 #AFE RE5S Lol XTFHE AgREoz AA HL422&
AE7] AsiA ke ol £ g A A Folok sl FAF Mule 2=
471 fEA AL YPAA (GPSIZFEY FAsE AMute] 9x (91-A8)Z o)
Zrith dojx #EF X F FAINIYT RAA 9 o5 LT E Alatsled ML A
AsRct ZAR Ol #EME Wt E34¢ Ade 2- 2-6 of AASFTH

AHE-¥l ADCPE= RD-VMOIS02 2 1536 kHzo &35 o]83ted mEAlo)
F 350 m2 ZAd Aulol} AeHoA none tracking modeE HE2F AL
150-250 m FH7tAS) AA5RE AR ol 249 AFS ADCP 7]
ZIWe] 83, transducer FH el AL transducer olefle] AAE #o] A
AEA & EPHEQ Qe g3 wyE £ Jr Aoz A2A ot
Transducer otefjol] HXH & 19959 49 %35 A7 4 A)o =71 £33
3l=dl 42 9 v A= AARE wAstgo

ADCPEHE FAE FHA5T Z4FdA o 30&nict dojxon] olarx| e
BHAS 938 10% A 02 ol5HIAF & oA F¥o 2 2 km 7HEo = o
TR Al-F3F FFA] 89 oAAE Folr] Y3 WH7IH Y e
Hjal o} HAXE ALst o

FHol 2 AES A AR 2FAE] 245l o)ZHE HEAEL
a7 AAH 2R/ A3 HIES ] 1 Qlojof ) a2
78 esgoll vs) dAHoz ofgt S4do] AL RAgMe FA}REE T
FHTZE = Ax EE £ Q] Y HFFER g T ARE T
3} Fot

U &8 s3T2

ADCP A8t #2402 v 8 m (FHL2 FoHoY B m 27 T m 2
9 FFAN £HRLY FALES AANLT (IR 2-7ab). WA A7
At 89 299 (BEAH A 99 7-8Y (W8 ARADe| 230e] 2A HE5Q
o #EAiedt wAFEe) F2A 257 ToH WE s} W@ I
TAE AWAoZ RE-FREFY FY BEL RPed o e

__86.~..
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233l FIE FAE= divhd Rl I FAGRE XHS AT £
A 554 ARG At WE =FAAEA oF T EHEI Aui
o]t}

NONE modeE #&d 439 AgFT A AdEggo] wviH= AF
B10, H11-17, J9-1L12 RFoA= 2o ZAIA Aursr (29 2—6%‘,’}_)9—] RE
02 ARAvw T AYE BHAFTul ol RAMILY A4 w3z ADCPH
whgko] ABs| UR]sHA] 94+ misalignmenttlE<l Ao g Hetggen o]z
misalignment=2 LA E 4 e L/FE BT mode B3E2] ALdE £ cm/s ©l
3= Aoyt NONE mode® FAMo] #lE £X 2 o]lFFodE A4 &7 (4
&o] 12 kt2 HPAlo] 2 20 cm/s8 /) THAZ 4+ Aok wWetr NONE
modeZ FAFH o] o] E3PAA BEZF 2B ADCPO misalignments R3] &
A3t BARS Fojor v 19959 % FAIZAL (48 269 - 5¥€ TY)Alel HA-E
Asle Z]Ex8E AAEE Ao, Hdaa BEH ARE oHF LF
7 Ej=Elo] 7= 3t FRAI9 2L Aj 559 AL HAosl=dle #
£aA ol8d F U FRAILE AYD #E2H LY dS3T upPgdA 100
km Ax e Fo=2 {|FAE 7I=2de] dSAHA HAsA Bt FHA
Kol JE B33l #FHH IdA QLEFo=2 Eohirles £ Bt #EHA
Hel Ao Avtaoez Jekdls 580 &3l F2A27 #3234 H
o] GEaAor EZO R Fol WA WIE AL RAgEY E5T v
e}t SN FEe &2 Z7|9 W] dAR v FEE nopd
24 H-LY d§349 Adgddryes £59 £33 G0 Mz g2 AL
Ho] AUYHEL 5] EAFS TSt

. f&e] FHTE

None tracking mode2 #&¥ ©¥ B, H-L9 48l¥ As5F Ao of%
4 &S A= ADCPS] misalignmentdl] €8 @55 7F38kA @3 919
A MR E @RI A2 ZAMHC] AXIA UNS ufe] AT ARE-SIFE (AR
Al2] misalignment £ 7/ &3 = T c/s AER F£3F). U S5EANe] HE A
= Z2RAAEC A3 FFAEY AFEEXE Adsi=dE AV oy £3
Ho R FAlY BEF Asoler 29 AT (YRS FAgste =
83l A3 RS AFCAY AR AFEIAT 4 @HA AgEEl
SEHYE H3A f& T-A AR E-8 AHAES B HEE E¥xXx
S AA4ddlgoen] ADCPe #EF4o]l B3 25 mollAl 150-250 me) P YA gt
HBZ2E Q7] W& AE 200 m 7Rk A A SEg o)

9ul A (29 2-8) Wi el AHse BSHoE AyHoR F

f
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BERE Hebdie £52 BoFn gon F4 Ackd 13 AA A8-A1L0
AlA AR FERFIE deldth AP A6 BT $4 50 m AFeAE 60 cm/s
old2] AT FEEFIF EASEH 4 60 m olste] AZAAME 40 em/s A
E2 A vE g f&5E vehlo £A402 20em/s o)AFe] AQAIEe
FEol EAgTh o] Bl VERTE (IE 4-2% A ASA ATE A=
ol 2 AR HeE Y dXEFEIHE e AL sEo e x-S
%2 20 cm/s oo 2 EE o] AR AlZ7F ADCP = Zns}l & Az sk
=3

98 D (AFE MZF 126° E FEGH, 39 2-9) AF% AT ¢35
3 DoellA ZE FEFH7t vdelvbed 3542 4 50-70 me) A& A
80 cm/s® 43 25 m ¥HET 30 cm/s Ax 7% %’-‘.‘%E% Hol= v
Fie HAREol EA3le AFEE AgzERe) AW DIRIAAME ARS
Al 25-50 m2] Agzoﬂzﬂ %k 60 cm/s 2 AZ9) °F 40 em/s K.tk 7&@ s
Bt ol2jd AS AFLe AR .25 $ATEI} Pl
H 49 7‘017} Aﬂﬁ UE-S AT A D7AA Do 7}‘111\1 LG
Al FERE 0] ¥loH ASol AERG SYwss dx dojups
BlF el 2/ YAV BT HAIS T

9w B (F A4 325° N &3, :ea 2 -10): iS8-FdA oF 20 km wpg
o f1R1sE A4 B8 44 120 m e oF 25 cmvsS] BE¥EUF BEHQ
—1:1] o)X FREAIQ S BEFoA ol L}—.’;— Ao WAFE 347 psu o)A
F7F AT FEAAYe] F A EEE QoA ESE 1g4 58
o] 31%% THEDG. 22 $£4 AFY BINAE 30 cm/se] B¥E7 BEHY

o)

m[o

Q’;-_Q,&L-{‘r-l{ﬂ#?noi‘l

el

3

==
y Tt

}:J

o,

o H-1 (F2A29 B4 T3¢ 2-11,1213): &@¢8 H (1.8 2-11)¢] 95
B¢ AW H2-H8WA B-A MabAdE e $#2ERE 54 50 m 28 A4S 4
o] fFe ANEE FIedy Wele] 2L YREEo s Fgals sEom A
B}&o] FE3lo] UE Holgt ZERIE HoFu A3l Szl 4y
H4-H5 5F2o1X 40 cm/s ololt}, oleldt &2 9 +xTzi @@ | (14

2-12)8 FA 12-15 Alela M= Ze FEE 2 4 gk
HE5TEe A= AF HOS (30° 412 N, 127° 45" E)®< ¥4 2 km

o) FAs LM 98 4ol 16N A% BAY KEARE BA $L3 LEo}
& AAZ 42D H3IA 4

el (%—%/%fak%) 3

_tg,
o
o

=1 =t LA N
ﬂb‘hﬂ e ’z} -}% o fd Aol Al 50 cm/s ool R <:eg 2-13)
GIE o Aol GR(EDH Fol AP Y AP B EATE A
& Ve glon S3Ee S Jals SR Alele] SAud Lo
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2-3t5o] A Ao £ Jue AE AALE

g5Ege AF HIY 4 100 m ZA =
7} EA3t o] Xl FRA|L2EEH 22"
olde] mHLFIF EABI HFo AT AFE BR A BASIE nEF £
S w3 o FEAe2 HE WHolxg Y 1ESs F die B4t dRe
dZo2 Y AoR FEHo| #FH He BAolY dis3dgdA 3{+
Z7F @434 22 AAME o A8-Fo] Fol A4 stsAle]l Utk US%
@ o] A (A3 HE-HIDYAAM S A FdA GAFZE FZA L9 v
kel 28 JeEldT. AF HE-HOAIOlS] =4 30 Fo S35 dAFER
230242] AHo] A 3LT AT F4 1520 c/s £EE HEElY BEA
Hel S5 vpPge Jd3ki S5 33y ok #2419 dE 594
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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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Fig. 2-2. Trajectories of three satellite-tracked surface drifters released
near the continental shelf edge of the deep trough west of
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).

IP:14.49.138.138, 2017-11-03 11:36:58



COPEX-E ’9

1 ! i 1

28

. =
e 5
A e, N
o )
AN
Pt | 2/1_/ 1

128

130

1201 1182E

Fig. 2-5. Ensemble of trajectories of eleven satellite-tracked surface
drifters released in the eastern East China Sea in
August-September, 1994.
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Fig. 2-6. Survey line for ADCP measurements during August—September
1994 (R/V Onnuri).
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Fig. 2-7. Distributions of horizontal velocities measured by ADCP at
(a) 25 m and (b) 97 m during August-September 1994.
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Fig. 2-8. Vertical distributions of current velocity measured by ADCP

along section A in August 1994. (a) east-west component and
(b) north—south component.
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Fig. 2-9. Vertical distributions of current velocity measured by ADCP

along section D in September 1994. (a) east-west component
and (b) North-south component.
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Fig. 2-10. Vertical distributions of current velocity measured by ADCP

along section B in August 1994. (a) east-west component
and (b) north-south component.
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Fig. 2-11. Vertical distributions of current velocity measured by ADCP
along section H in August 1994. (a) east-west component
and (b) north-south component.
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Fig. 2-12. Vertical distributions of current velocity measured by ADCP
along section I in August-~September 1994.
(a) east-west component and (b) north-south component.
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Fig. 2-14. Vertical distributions of current velocity measured by ADCP
along section ] in September 1994. (a) east-west component
and (b) north-south component.
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Fig. 2-15. Vertical distributions of current velocity measured by ADCP

along section K in September 1994. (a) east-west component
and (b} north-south component.
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Fig. 2-16. Vertical distributions of current velocity measured by ADCP
along section L in September 1994. (a) east-west component
and (b) north-south component,
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A5 2 olgdHt. 2 G T AFA XA FUE FFFIH G
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Pui) = 2 En®,() (6)
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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 @ -——rrr——mmm e e
E~-W wind N-S wind E-W wind N-S wind
1 46.1 77.1 46.1 77.1
30.3 6.6 76.4 837
3 6.3 39 827 876
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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.

IP:14.49.138.138, 2017-11-03 11:36:58



"I 2 3 45 5 7 B 9 1011121314715 16 17 181920 271 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 3%
3| EIGEN VECTOR(MODE 3) L <
4 (V—-COMP.) o . y
3 e T
7 Sy ' -
| SRy, O &
19 ) : L s <
1 SN LY } . PRy
12 S i L ;
13 _ / o 3 ' —
14 . 5 o S
| CHINA' /\ O l= 7=
16 AT A ..

T TJAPAN
17 . ; OB
18
: /e s
20 4 Rothe o)
21 . O O et
22 Y TA SN SN
23 Y )J (= o9 : ;
24 - f . d %/’,

oA

" ' K___/ M JJ
26 .
27
28 J’ (1R
29
% L
[ 1208 130° _ 140 15 E

Fig. 3-10. The third mode of empirical orthogonal function of
north-south surface wind, 1978-1987.
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Fig. 3-11. Time coefficient of empirical orthogonal functions for

the east-west surface wind, 1978-1987. (a) first mode,
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Fig. 3-12. Spectra of time coefficients of east-west surface wind,
1978-1987.

—127—

IP:14.49.138.138, 2017-11-03 11:36:58



AMFLITUDE

AMPLITUDE

AMPLITUDE

1978

YEAR

1979 1680 1981 1982 1983 1984 1985 1988 1987
T

—_
2 o
T T

T T T r T T T T

1st MODE

AN A QAN

) 1
[
[ =2~
T T

RRTAIRTRvATRTaTAY

1 1 i

1978

1 A1 L J. 1. 1 1 1 i 1 i L 1 1
200 400 800 BOO 1000 i200 1400 1800 IB0O 2000 2200 2400 2800 2300 3000 3200 3400 3800
DAY

YEAR
1979 1980 1981 1982 1983 1984 1985 1986 1987

T 1 T T T T T T T

2nd MODE

i 1 1 1. 1 1 L 1 1 1 1 1 1 Il )

1978
50

1
200 400 6800 BOO 1000 1200 1400 1800 1B00 2000 2200 2400 2600 2800 3000 3200 3400 3600
DAY

YEAR

1579 1880 1981 1982 1983 1984 1985 1988 1987
Y T T

T Lf T T T T

3rd MODE

ﬂH\\.«. f\ f\hnf\ Af\.’\ Fa I.RAAM,I\“ AI\\AMA/JIHAAM

V\J"“VW 4 W\f" W\/UVWU A I Ao Al w e aa

1 1, I} 1 1 ) 1 1 1

vl 1 L 1 1 1 1
400 B8ug 800 1000 1200 1400 1800 1800 2000 2200 2400 2000 2830 3000 3200 3400 3800
DAY

t
200

Fig. 3-13. Time coefficient of empirical orthogonal functions for the
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Table 4-1. Characteristics and distribution fo water masses®.
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B¥ol AANMIE BAM e A BXE ZUEr 53] 5FH
ALY Hgor LA e FAagaA A A5 E BATAE AEH 33
471 gz /42 £ AR BAS AHRgton g (A Aoly

21 e
[

¢

o] 21¢1-2 o} BT #FEH A 44 T FE2HPLE 1 520 HAIHR
on FE Al7|= ZH7r 19949 249 17-18<¢, 69Y 20-22¢, 99 6-15¥ i, o]
T oEe AF= %ﬁfﬂi@v}zl #Eslgon A=2H e 1Y 5-35% Fd AFE
T2 Ao zRse FAEA ¥iE HI] 9] £IEMEY oyt ALEBIE S
! %f-é%ioﬂ—é 7 67X 9 AET AFEERA T Asde ¢3S WA
= BiFEo) m)$ Zalal si8o] d&slr] wlFol 292 dR e FEIA
7 AEHRL £382 HYATE FEFo] oFlar o]l Bsr] Wi A
o] AlARE 693 S 9¥d F ¥ FF3A

a8 545 2, 6, 99 A=Y CTD 9% AEE 4 1 m Ho=2 ALt
o ekl T S Dlagram-b-'lr ol A uveEld T-S Diagrame|th. 29 #AZ
a9l e} £FEL T-S Diagramo] 712 ZM 4o vt} olEoe] 2mES9 A
2AE5Y E—?}Oﬂ ojs) HAE FoESclde AL RAFET aEZE o] AlY]
o) e LAY dubdid, ALAG] Sy, 1ET o] ¥ S
o] EtrR A ARl FHZ2 FRE ¢ Atk olFodAM dnpdFEe T-S
Diagramoll A 5834 & FAdE AT e 1 ¥= <F 130 °C |4,
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345 %, o|Akolth. Fsl4s] EAL 80 °C, 330 %7HA ¥ o= Iy
o] yase] 9ake wx %a ALH FsdA FA4L AFen, ERF 54
o] M AFAo] 125 °C o}, 344 % o8 drhdF4e Falo] TEHA
o galse PESE e AAE F3EA Helx geth ERFE 7%
2y (ad 5-5)oA UEhE uiel o] ALHd] FuAERd A= H5e
EQd & BElr] i o] E=FdME #AFFSE TEIHAG. FHIFR I
suss0e] EAL T-S Diagram Aol FEHE FAS BANA G5 Q52
2 Jei}y] e EAgez wRE¥ 722 FIIA @AW 699 T-S
Diagram& R@ 10 °C-334 % °13te] Fxje 2497 Hl&d 542 fAST
7] WBo) o] AL st FAIFHSY AARLE B 4 Jok JE
2 AR FHFESe EAL 100-125 °C, 33.4-344 %l AT

o= 29al EhIE 4 & 90 °C ol3}, 330 % °l3te] BHEssE
Ueluz orgtet olE AeAddel Fadart AgH AWy i T-AS
NA AFA T AZ2] FE(AZ)RSE o1 o] Adez FHANA AT WE
olth. 345 %, o1Ar¢l e HrldR4E oo AFE FAHAZE Y=
ory glow, FaFESE 289 B0l 21U FEel Ve i AvA
oz o] Al7le] vEhlE T2 LAY st EFEHA AFHRRAAT 2
Ao o] Al7]e] EAL 293 YRHoZ ALIAAMFEH LLAFeR ¢
Age) Yehdth 93 nex @ RESE 313 %= oA ol FAFFARL
o] ggke] YEIGE & & Uk :

9o 6] MolA] WUIH 8-9 °C, 33 % o135t M&AAF7E A vt
gt ol= BAEYSTE GEA o] sge s FRE ZAvtelrt of 94 29
o] UElge EHZe MutEoz $go] 1-2 °C AE EokA AFFs B3t
3 glony ¥.-Z2&4537 3 T-S Diagram el A AFA= A%
. 714 eE®e Aza Jehds T FEe oF 285 °C-34 %A 15
C-346 %= olo}AE £HEAM o] 5SS YR I HAgd EEH= |
nhgdEsmolty. E3re] Tl tioltRsrt e fdE un £ s A
HE Zx0e BAZFE o £ #H$9 F Feloe A FEHI F 5
gjote] &&el] <la AAH AL oldS ¢ 4 Utk FHF ol 1Y 5-349M E
2 9Zo] o= e WE LA &1 w3 n2A EEIH Ar 4ol 1
m 7+A¢ Ro=z n=o] B ul, o] Fus}t BE S Falet EHol Ad=
AL o] 7t BEHA §U=7] Aol olm WrhdF BRAFAE dE B2
Z BRAsY =98 40E 4J0E AL 2AFE o] £HES AFE A
Ho = TEyde T2 BRI AFE MED FEHAME AFEA ol
= AA7te AR Bxse et v @gde d2HA 87 W
FHtEsz B 4 g o ERdAE o £33 rdRETSFE EFIA
o o] 237 GE 479 a4 BEE St &+ fAT B354
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= FEALA #4 AR divfdFet B 2 ARE Ei) 223 )
4E BAED 71 4% YA $IE Ax9 Ftsd £ =
Wt £F9 FAZATE 2G4t 50l FA4E Ao}, o] B
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dF(Yellow Sea Warm Water, YSWW), &8 W¥<:(Yellow Sea Cold Water,
YSCW), 23] x 29 (Yellow Sea Bottom Cold Water, YSBCW), Skxpzbed ¢l
(Yangzee Coastal Water, YCW)$} 7|8} Q¢t4=Solth. 1@ 5-49FE o]S0]
T-S Diagram 25 %3 A :12121 At o] FASE B w FEIE= AL
4A 2t FAYso FuFFS Zo] EA4lo] ARElol a5 AARL A
717 dA & B-$7t oy Eﬂ‘ﬂ-‘-‘}% 239k Gl ol 2as 9
ot FEel BRle A= A7) WFEoltt wrata RF7hA] o] &g T-":[a
TR 71 Bl AMgHo] gkl ‘ﬁ“c%):-g 2 73 FAH3le g
7F QA doh B Bgd o) ZAE #2287 sl 44 50 m o)3) ZUP——
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Zro] A-3hEel AFo] ol A l=dl ¥ o]F 9] AFee A FAAM
FYe BX¥Z stn ok DEHE BE ol #dd £X& #FFYIH od 4
o] Me AlEA L A Pl °]—r°1 Ak, F-dtgo] FPF AL Hole
A oF3H o|FALEAFe] YEotn Hig Itk FAFFolnr (HH
7, 1983; 7, 1979).
olZj ¥t F-31Fe] THLE FHEXT E%‘_J—} m o] ol & HUES
E‘il Zoh 25 FEEFAAME SAE 7 ot e T 2 oA
A== vE) 50 m 54 —’F%—Er-ioﬂ?ﬂ‘: WEAE P29 AU &3 F
°‘H9Jr A2g Aol oplzt 23j7 A} dEH AR UG, EEES
FR ¥y thar ¥FE FAZACT o2 ALY Axrh FMsi Gl

A AFfPgez Fau 3or, 50 m FAAE 3H HAGEd BAFom
242 Qo) Yol ot UEE FERTE $£249 o o] 2AHE ®
o] ol £ GRF X Aol Wi E THE £XE BITH

ot 999 sl

= 6%4 n}:ﬂ?}zli 2 54 £XE°] gEn ZFFLEXAME ntx
gFAdctel e AFe A
EEXAME F o] d2HY. BSEL
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e N Ge] 71 dom FedA HolAFE A¥c] EohAE REE X

gt olghzke EX = 699 XS r[EAHoE e FxFE AFHY T2V
FARS BAeT

693 09 W FTRE Hol
F7F Moz ddHes Rol AAA :
el 472 $ALE Tk FA R fﬁ?ﬂ@ﬂ] 71T B 4 Atk
Ho2 T%a AastA(EEFTE)CI d8e AAS(HETE) G 1322
FAEFoR RS £ Yol AFFY £E =opAY, EFHEL
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L*o}z% gt 2= P 50 m S F2E xolA AFE AYsa
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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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ki

= Edo] At NEHe (gt
AR T BEY Mol dele] & B SpFTe

L7000 vatu@) dede = 0, i=1oen, j=lom=1 (7—4)

2 FAED 3L 5% 2 2AL{EF L

L N m[ vyton(x)] dede = 0 (7-5)

of Ak J7lelA z; 2 B fotdl 44, x= i WA BEH, x e A
VAL AZF AUS JBT n, me 27 BEYS 29 Folth 4 (7-5)
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E 924

[7), woamde = =[] vdeac = —, (1-8)
2 2 47 Qo AVA SVe UEARAN AL AYARY AFHED
olm FHWHL tlAfd ¢RAEY AFHETHFE Uit 4 (7-6)& EHEH
2 B A

?‘;lvﬁihir'dtx = glAﬁvw = —M, (7-D
o] "tk 3714 hy 2 Age 24 £9 TAS HA BAZSFAe Ay & 9d
& e, 4 7-12 x = (v 0me ..oV ) B b = -[(My My, ..., Ml”
o] g AE o]83le WBAoZ FASH HT Ard ARl

Ax= b (7T—8)

o} k. 4] (7-8)clA xol B3t Ao g & A Ho
el N2 4 (7-8)9 AS

A = UAV”® (7—9)
o] A YBFo T FAS= Singular Value Decomposition'y] 2 01-8-3]-%113}
Aq71H A A IFAZR FAE diagonal FHels Ut Ve THIEEG

Ly

L

x = VAU (7—-10)
2 JAHET

A7 P A F drde gyt o R u|Xf £7t 4o FEG @
2 underdetermined AAelw FAIAHA AL HAHL o3 FEF (Wunsch,
1978; Veronis, 1987 &)olA &-& 5 Uvh

3. AL A% R B9

43 BXe] EA 71 AP (Nakano 5, 19943 F31dle] dxRE ©E 5
2 Hddga e JMEX2E A4y F5F(cross isopycnal
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transports) < FAE wE ZAoy RS ST 559 AW dX 2 o
= 244, 259, 265, 270282 BSF(WNEZF, FRALEZTT), FRALTAF(H
NAEF), FRALAZS, LIRS TST(HLIAES), Hsls Atole] 737
ddste gEclth 18 6-82 drdd Algd 3 B2 S RAFT Qo
A WA SEIeES o0 = 244 A AtohelM e 167) B5He] 18 HUT Bx
o] Rz A9 gle R HA T #54 HL 10, 1 R K28 dZd3=
HE Fse dAFe v 7RgE WEA SdA= 7B elel H8-8 4
ot.

<

e
o

off do % rlo

1000m 44 £+ fAEE 715 2R A F dg +¢A
AR = (0727093 SHAE Ato])S EFshe A8 FA AR
g 2.9 o=z Vet I8 6-9= A4 AdES o83ty AE%
ZZe el A4t sldes Edem Urte §5FL AR A4
Hol etz ok A9E%e B33 K33 K6 Ateldla & ghe RoF3 §F
e AR 22X FFE H6T 17 Ateld] $1Asht A= 350 H2¢)
H3 AtelolMx veudm Qioh ol 713 9nlE Fe ARE ng47t 24
s=2xg g RAPL AAE Fn Aok T2AL F9Ze 9 19.3x10°
m7/secE e} @EH KA FEAQ 9 YFEo) zAE g i SS
pojzc} gla&y 2o 29 §90e oF 40x10° mY/secz JEIRTH o) 5
o] el dirhdRE ulE AZd5s A #HAY £ PR ARGOS o)
o] AAF 50 mFL PG BEYX AT A3AT/ACT =] dEd 1 tEAE =
oo 3 S Aok U8 x5 FEA FA wEol G4 Zie] ARzr ta
ol XA gt t FAASA FojA A5 E QA Lt o]-Bo] JeEE RAFYUT
Ao o & 2ryt Ut} ol dAxde) sRM(EA 2 ek e FIh3 RE e
AL A7 ADCP AR 9 e BREAH f&% 82 o|&3pd Ho {4
Ze] 4kZo] 7HEE-E %ekr] Wil

- F{E
o 1® f L
=
w2 off

o &

—_—

ofj £

4
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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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Fig. 6-2. Vertical sections of temperature, salinity, sigma-t, and geostrophic
flow along line K in December 1993.
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Fig. 6-3. Vertical sections of temperature, salinity, sigma-t, and geostrophic
flow along line J in December 1993. Cross marks indicates
passing point of drifters and center of drogues.
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flow along line I in December 1993. Cross marks indicates
passing point of drifters and center of drogues.
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flow along line H in December 1993, Cross marks indicates
passing point of drifters and center of drogues.
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Fig. 6-6. Temperature, salinity, and sigma-t at 50 m in December 1993.

Trajectories of three drifters are plotted by arrow marks.
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Fig. 6-8. The area and stations used in the inverse model.
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Fig. 6-9. Contours of volume transports in each layer.
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Ald I8

szagis FRAQF, 22 D F4aLE uE E2E FHRASTFS A
Aty FEA Q49 o)F Aol EFSFT AR AFE FAAH A
Exo] Az 231}t (Okada, 1990, Imai et al, 1994). B8k FHF §EF
AgekAs 7 Akt AEE oz o FEAHTD, dSAME HdE:es dSsE
o uwal 450 WErdd 29%ASE FFINY §FH ST @
ZF 100-300gC/m® 2 =2 AatAAE-S R (Su, 1990). wabA] FF 58l
QAR E ELL olF ] QdME §EENGLLA W BXEA
W 4AE o|sistaiol et el M FIFEA RS FESIHE EAF

2

3 9lo] (Romankevich, 1984) 42 2@ JE87 o] 1 EXyl EEH Fd 4
& oJape wr|mife] SERrggdiAE U £HER FAH e BT
o] =EAT RSPS9 Qsisre] g i vHE AFTe FHAER
A e §885A4 AMEE 5 Atk FEIIAAN LE2EIIGELE XS A4
240 WEt A= B2 RS o3 F£FE bk dew (Hung et al,
1975,1979; Liu et al, 1988 Isschiki et al, 1991; Wong et al, 1991; Fu, 1992
Lu et al, 1002), AE 7 Fxe AL FTEHEATALES 53 TFI8 A%
3 AREAAS] EXEXANS JE 2ASIYTH (Sagi, 1990). vt oiFE2
28° N o]'+¢] Taiwan B33l HExlo] ot 5523 28" N olRdA F
ZACZRE EIEHE dintdiE S8 2 Feld IPEFAFTE ZFY NG
zAe 2437 uEd (Song et al, 1990), $-sviet Fas el - P&
o3l 5l7] SlMAE 28 N ool B3 3HtEAd digr A7/ AP olA
of sttt wWad B A= gy, IAGH, AFERIHY 3 28 N °]
2o 23 de B2 Ao AAYS hAE ATERR 3 AR
= AAIEEH

- A AAELL X
- 3HA QY EQDA &35
- A 58 AST
- 3lA dEZT= B3
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A 2 A3 AP

7h AR S 2 @EA] 7]

ZAIG S B9 28 30 - 347, B2 123 - 129° 002 Y v
2917, oot 27 AANY L $539 Frede TP BUAT o)
Qolth (I 7-1). 2AL7Izke 19944 89 28R 99 3] 7AzEo T 4
PRAY SFPEE e 3 0] AAAN 2L D SERIJFA G
F& mAbshgt

. AlE5AF R BE BAUY

FAERAE (BEFI1FEAE: D §242) BAR g4 A g3244
(0, 10, 20, 30, 50, 75, 100, 150, 200, 300, 500, 700, 1000, bottorn)S 7}¥ © Z &}
Rosetteel] #29 5¢ E¢] Niskin A$715 ©o]83te] Aok

BERIHSE ERE YT Alge 10 % Edoz mE AAF NV ml S
ol AEFAYR Yo Fol WEHAsS AFAZ 27 F BAMg

EELLYF S Winkler P& o]83l A 2R3N, 2RI
2HF (AOU)2 X4 42 (potential temperature)d} Y& O Z2g AA"H &
F4b4 0] XIFRdA PEE B4 R E wigtez syt
(Pytkowicz, 1971).

B4 oAl L, FAtol e, AibolL FALL Grasshoff $ (1983)e] o)A
Technicon AA2 AHEEA71E AMS-sle] ER3sgen) 243 e 23 g

o olALo] & (NO2): Al89d sulfanilamide 813} N~{1-naphty!)
ethylenediamine dihydrochloride® 7}3peq 228 A5t}

o AL 2(NO:): A1EE Cu-Cd Columnoll EFHA|AA olaie)go=z 3
A F ofd el BAIH I o whyo g whal A )

o Q1Aol e (PO ): AJE6) ammonium molybdate potassium antimonyl—
tartarate S+ 4o} EYAI kS 718}3 ascorbic acidE BAAA LAAAT.

° T4t (Si(OH)4): A8 ammonium molybdateS 713} silicomolybdate
complexE& TS ¥ oxalic acid®} ascorbic acidES 7Fsled dhal Al 3}
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A 34d = !

7l AAELSE FEEE 54

SEJAALAFFEREE 020G (5297TC, >34%)E Hole BFTd FEFH
9) Z2AS FACAE 208 uM oldtE 2 whdd HA (<33%)°] &
AzEQT B AFx ARddeses 20 #M o4 ¥ IFFE Hola Ao
(28 7-2). &84T =g dRANGH Adest ndEFvE Rve
223 2RI 110 % o9 =& g2 Heolxn At (17 7-3). 100 m
2NN 204 FFS BH5AE 2 i ZoA WSFERo2 HR ot
A AL BHa YSE AZdAs 165 ¢ M olstz F%3] Wik (13 74,

1l

5]
ol

¥5 BIQYASEREE S202%T RTIY G vKite] FRAQS)

= v gRdels AFE MRl duiHew
wo FES HY Jeu 2ANGFE ERE 05 4M ol 433 AR
o] AT (P 7-6~9). 100 m £ZoMe) Br Y%L FERIE FEFHE B
gENATF] Be USRAGA L FERES ol whde] WIAEL A
Az Eoz RA Basts SEPNELL BAT (2 7-10~13).

U 3548 INELLE FHEE 54

L FA=H A diFHsEy Jaw
F2gte] A3 AH A2dA 2 BF SSAAFFES 232 oM 2 M =
QrZo T ZyE YA 744stel AP AlOAA 213 pM ZA °F 19 pM
po)E RAFI, AAE Adsd AT 7rol] AHY gl dEAMLR QA3 g4
5 248 TulE Bt (2 7-14). gEo] 345 % ooz mg]l 3
2z Aol AZFrre ETAALFTTF] oF 174 p M 22X FHigE BATH
AHEFZOA L] EEBALEIEE 7] ag 2 AEEFIE o &
AbA Ao = Q13ta] 100 % o)Fe] F23E Holn AN FHEYSF 3t
AE {7122 BIQ=Z 3y 76 % oldle] B ;e RAFIJAT (2¥
7-14). &5 4 FEko] HAQ IIRIYH AHFAM= §EALEIETE 70
% ZA HA S R0

AA0)L D oAtole Ak FREE $£& 9 43234 FFEXHE <} y
~gle] FRZ oA BT AL = AN, EFTHIWAAS AES
FaEe I AFH2 Qsle] Aol Slite]ld = FA¥ErE A7 <1.0,

o K
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<01, <50 ¢M =2 53] ZY=o] Ak (2" 7-15). 2y FLFFIRA A=
Falol ST §ENI|GELTEE FHNA S 2GS oA
o FX= SSTALIN rRIKR Z4 Adg ATS AR 3te] =T
ol F33EA Boja g0 A7t Sl #A4dE A=F AGdM 779
AFETE 23 JEFOE B4E UKo HopFe B 4 U

(2) TEA D AF MZ G5 gy

FHE2M DolA g £244 D L225dUdAFE
= BAFd

BENATELE Fardtel He B D29 ZHEHTANA 240 M ol
S 2AM & FFE Holn U AFE FBOR A5 E Hap pihd AH
D10A 213 ¢ M 2 27 M & Aol R} (1% 7-16). 10 - 40 m ¥
o F2FFIFAME pade]l FIESFE FHIA FAIH 1A (534%)9
A7 D62l 50 m e FHGME 190 ¢ M ©l8te] ¥ S Holx Yt
A DI0Y F&E 71A%e] AXg 30 - 50 m oA 160 ¢ M e I3
e 844 IS Roju Aol ol

SE2NANI]EE BUHERSAME 100 % ol #xsls Bolm glA|gt
Aok SRAE 80 % o139 EXIE Helx 1, §FE/MA: FFEF
rtR7IAE A D109 30 - 50 m F2e <70 %, <80 ¢M <o) e ¥3lns}
AR 22YFE (AOU)S BRAFEYG (0L 7-16).

Aol Qo] E AMHe s FFEFFTYAIAAME 1

X

e

v Bie 3

At

M o} st2A]

=3 2gso] AW FEFAPANE F4o] FAELE 7
Y O34%)% Be §EALEFS 29 AP D69 50 m FARDL Az
08, 143 uM 9} H& Adoles FUSEES nolw Yot (A7 7-17). %3] 7}

ro g=xAAEES Bl WA DI0Y 50 m FAe FAEES) 175 oM =
#Z2H Dol 7MF EL FEE B of FAdd diFd ALG #do] a7
o},

Al 2 oX

[
o

) FEA B g AEAE e, gy
SENLFFE AZAMT giRE0] 220 uM oG RM WA T FF
= Bolxn 4 (19 7-18). 53 FTEF AN BHA E49 BEF 1A P
HFeE 20 m B2 SIS E24AETF] 263 M ZA AN GA
=t avd £ R dEe]l %10 T, 33 % 18R ALAEE B FEF
9 (AP ENS AFFAME 74 %, 73 «M o MR FE4TsE
ZRIIEALBF (AODE Kol Ao (LE 7-18).
Aol & Qo] Fite FERE EUEHFAME 1 M 32N F
8 ZRH UARY FRFIAFNN = 4ol FIEFE FA43] T/ A
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endn me AR ALANZE (AOU)S Bl FYRAL 3
= 65 10, 120 M o}4e L A, J4dold & &t FES Belck
(1g 7-19).

(4) BEH F g3 Mg Add

EREFZANY 2L 3
£ F§Fe Holal Yo FAFeRAME FAZSTH et F43 Hast
v BE4 E 9 & Aols RAH (2™ 7-20).

Aaole 2 Ao Fre FIEHIAA AR FI3 F4 &) BFA 2424 >4,
>6 #M 9 E& FEFHL Holn Yok (2Y 7-2D). 2V @I AFF
ol ETrd%s FEE IR FadT. FLFEE BAE Fitol, QlitelE
@ Fare] 3T FAS 718l ALAY (>150C, 3224 Bl Ass
g 247 99, 10, 175 ¢ M & ¥ FERS B

: B3 A (325 °N)
e Awrdo T £ B ¥ o Hlsdle] Y§3Q BUHEHSAMT
ks polul fEoe g A4E FA AT (I” 7-22).
FasUoAe drste] ug 2 AEEZFAEY A7 &
=N QAo @ Qlsled 100 % ol el FA¥EE Holxn ow dFFu AFHA
B22) 20 m Bite] Fada HRAQ 160 % o149 HE3ls BAd. AHFH
o) A 4ANA 77 % o ¥} 58 pM o RRINLAHFE FA
200 m B-Zo)A Holmw ot RFERZoE ZLE FAZ A5itd dF5EY
o] = 30 - 50 m FAeA Rolx Ut (29 7-22).

AArol L @ QAlol e, TAFFEETE £ @ T4 EXFHS HR
sk Avrd oz FHEFZUAME Fitole P el vxv 05 M
ol3l2 A =3 AP ol UAY FeFkIaRAME F4H 7t w2t FH3
Z7lst= A% Bark $EAsgEs npAAAE 55 ASda PR
o 2=02 ¥l AY B Fitol, A4kold B FAY FFE 7.2, 06
113 oM 24 fZA b 91X AH B9 200 m F4ANA ] Bt ¥zt

o

G) BEA I 22 B9 ((29-30 °N)

QEAAFAREE AutHo 2 e HLF PEFFL Btk FEE
Z A 210 xM WA T YSEAM dslxos TS A
2 nolm Yo (2Y 424). FAAoZE FLgFIARAME F
gmaAs sk FA3) Fastel SRS AEHA 150 £M o2 B3
®o] A2 47 1000 m FAAAE 90 «#M olsteltt 175 M9 &&

IP:14.49.138.138, 2017-11-03 11:36:58



S ENAFIT I FRALFANAE 200 m B2 GA
2 ZeE TR0 A5ty YSFEDAdME T4 60 - 75 m
o}

2 R FENLGFHE XY Yl xNHo=z ¥
il ite) 2ol Fx= 05 oM oldt=A 23 AR
o] JUARE FLFFIFANAME F4 Sl W} FH3] S (29 7-29).
2}
ol

B FAFEE 77, 07, 112 M 24 gE3A1HG 923 A" J79)
Aol M) FE e} v]gEhn

£
e flo 18

200 m

(D) BEQ L BFF3] LW (2728 N)

ANH FRALVFETE D5 B, | AN} AAlEE FRETZAA

o] $ENATFL 210 4M oA ThE BE M4 HNE e FFE el

o (3Y 7-26). FeYEETAM §ENLGFS FAZVIY Ga} T

Zasle] WEES AFeNA 150 ¢M ysle] Be FEe molm th. s

F2ASANNY SENLFERE A SAZTI wa FA PFadti 24

300 m ¥ AARIE 20pM/100m & 343 742390 175 M o] &4

QFANNE 200 m HTHAA

AR} AE W USEELR 252 FAH0] oo} RRBANME 5
A 60 - 75 m FZAA BSHAT (L7 7-26).

]

o4 FE7F 05 #M oldE2A F3 AWHS Atk (2 7-27). £G5S
BAR e F4ASTH B §EFIFELTEE FENA EUEA dREY
AFolAe] Aitol, 4t B A EZE 242 70, 04 120 ¢ M olgo =
A 2 Fx7F @55 FH

Aoz $RUL U SERIYFALTEE & L QBT kg 2XE
542 Btk EHeMe §E4: U SERIYYLFEE £ D Pio|
e FIAEHG 2 Gulddn 2L W] TLTAY FALFANA B
o (39 7-3~13). 2 100 m FelAY $ENL D FETINAVAFEES
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HZoAe 2xsle g d5Eddie §84agF] B &ERV|YY
e & whded  gEFdME £ENATFC) ¥ BEFIEEET

v} (3¥ 7-14~27). £4 200 m 9 AFEEE BAZ 3 §E2LL =
2rlgdasest AZoR F4% Fase ETHIL HESAE AT

7} 5SS wet 8532 GARTh

U AR EQLY FARE S

A 2E2AAFE D S2NAFIT ] FARYE Ao r FFAA =
o] Z7t3te] wat I A Ty dEEAed 9 2R BHE
(B2, E4)9] $£29%F% 71AF JAT &4 20 m F-Zx= 180 % oo} =
o gENATHES BoFE3 gt olEF L FEIEE olE AHEC ¥
3 W 233 AEn 2d9 57t Fste Aol SIS TG FEFR
zEHo] AEzZgaEe] @A AFo2 F Az Addn A= olF
A £

Mo} FEsh wl&3th

5238 gRANE NREe FEAQSANA $41 200 m ¥T ) §EN
g §ET/GYLFEE UEFROR B52 FAMo] ¥Ho2 A5dd UF
A AE 30 - 70 m F2olA UEhdTh oA dSAIES Re §E4As %
ENY SER/GFAE 71 AF WSREL i dFPelez §oHy
gee gAstL, olay §5d5E FFFANA ABEFAES] FAHL 9
§ 228 SET/9%4s) FFAIT oAU AN = (hAY ‘T2
Mo F35e BEE S0 B AN TR,

—

=3 Aol 2 IRPELLE EXSFA

3

4>
BJi

Fe-gRERAdl Ayeled FATE SIS 29 7-28~32 o uet
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W it

’*—% ow_gﬁfz}oﬂ et BEALEE BYXE= 7Y (BT, <32%)9
ALEZSTANA 220 ¢ M olgolx & @ @Re) Ztzt >33%, >24TQ 1L
=R §£ EE&EZ QM= 210 - 220 #M otk 420 o) wal SEAA
TG =G FAEA 10 T ol A2ddAE g2assade 155 4 M o5
) (23 7-28).

FEFINDELE FLw 25C olde m2ddAas dAdole aele T
WEETt 42} 20, 02, 50 4 M ©|3tE Fo ) 42L0] AT wal o) Ky
VELFET 2 S71RG 2F 10 T BARBI ErdFrsmE FA9)
S7hete] Aol 2, Q4tele @ wabEXIt 400, 25, 100 1Mo HUige By
o (29 4.30- 32). 10T oldte] AHadoMe 23 A L5 T3] BA=
[NOs] = -26[T1 + 51.3  (r=0.98) oIt} o}& 1993 129 ([NOs] = -24[T] +
41.6 (r=0.94); =3 Fd54, 199497 A Aoyl ¢ink Lin £ (1988)3 Wong
5 (1991)e] B A7 A A1 sdolAiel 300 m o)) Aass fatom
AT Aol 23 271 7187 dA] 22 - 2824 B9 A Ax sty
10T o3ty HEFadMe 2wzl ne JU¥de Wiyl A Qx &g, 3
dHo g Aol of-g FAE TG A5-YE ngFEng.

[To!
.J

L)

A

Zt A

ehs
ML
_ilﬂi

Q1) ZE7[3A2H 2 (AU 822719 %A 34

DEIPL FRALE TFF3) AT A IS Fn
dd FEA LG9 dAgtroe] TRNAL. FHTE 2L
& FFE vAG 53] 2R 4487 (AQU)LS 29AF 25 gue six
7t A7 HEST S w9 QAEe EIEENAFOA Ao (in
siti)oll A2} B-ES4ATFE W gholth SRNALIFL {7129 R st
AH|g o g AOU T71E8E3N A sk AAE FETrF%AT A
(Redfield, 1963). BR.714tAAuF0] Qg8 B RHAEHE L A3 Seof
Sotl 42 20 T olsle] s xe] #EME AR AaAsHTE O AAolex
Eel AAE P BRIAAAN ST AAe)L&zke] AMBA (r>09)=
AE A4E (biological relicts)ol 7 etgke 9 #7128 23180 AL oln|
=3

A A XS] #FEZ2HE A BRI Au T Aol st ol BA S
o33 P},

BT A (FFH E) : AQU = 126 NO; - 214 (r=0.93)

WA PHAZIF (BSH A) 1 AOU = 7.1 NOs + 1.1 (r=0.97)

I‘_l{"
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A B) ¢ AOU = 57 NO;z + 236 (r=0.91)
BS54 D AOU = 54 NOs + 255 (r=0.94)
#F54 K) @ AOU = 6.2 NOz + 375 (r=0.96)
4 L) 1 AOU = 79 NOz + 6.0 (r=0.96)
4ol 50 m ol3teln @Rl 33 % ©lE] AYHFR TAHAE FIxAM G

ATGHd AFN E AlFARA A 1263 13824 &2 HEL Ho|x|gt
TLAFEE BHolx= TFTY Jadge #54 Bt JAME A 54, 57

olgt2 FajollA 2] Y& (o 56)3 AL ulssltt (Gamo and Horibe, 1983). %
AR T FEd $1R¢ FE4H K9 LalMe 62 - 7.9 B2 A ginrgR
HZAQ A AL B8 (°F 67, Wen et al, 1989)x #]<=38} A9t Redfield ] &
(BEOE= 2FzF B 19939 gl A4 ERFAA St aasid el 3}
SEAS5A] 2 @A) 3o FALEH FHFE (26~30° N)dA] <]
AQU/NGs B]-& 9A] 57 ~ 679 HY= B ZAMERSG |48t g9ize =
FFEY FAEEE AV FLEY ot rEFSFEES] Wil o8 FAHE
2 FRALFANAL ¥ AOU/NO: ¥E&E =& 7|EGUdds: mEUA
S22 AtgHTh W) 22 =24 g3 AOU X AL FEAFAR Y=
Aol &g Bz Z4-E AdHEe 2 22 AOQU/NO: H S-S Bu Imai £
(1994)& AFx AMEFHHe] FPFFFFoA 1169 ¥ AOU/NQO; vlEol
ZA 9 vl vk =& AQU/NO Hl g9 digt 7134 o223 29 (1) 8384
7} HHE 5ol giielA ARHY AOUZF S718lE2 AOU/NQ; H]go) &
7HetAW (2) AArolReol HAZUYGA AREEFHe Aol nryl FASER
AOU/NQs Hl-&o] F71d TF7F &850 £2d4 EFHAT 3) 2 CO/N
Hl-& (>12; Prahl et al, 1980)% 713 |4 /718 FUL=Z 213l #7718 3
o 2%k AhARrd ¥ A AAAGSEE AA=F AOU/NO; ¥]-8¢ =7}
ofth, oot A AHE AWM= AF NFAHAHEL {F71E FAARY
FA3 35 dUGEA ol eayH

(2) B-SF7|9EAE0Y #A
FZHAE FAold Qo2 L te] #AE Sa gt
F YT FFd (#FEFH E) @ (NOsl = 7.4 [PO4 - 0.3 (r=094)
WM FAZHYT (FF4 A) 0 [NOs] = 155 [PO4 - 0.3 (r=0.97)
AFAEg FEITA
(D2, D4<50m, D10<75m) : [NQs] = 86 [POsl - 0.1 (r=0.98)
(D4,D10>50m) : [NOsl = 14.0 (PO4 + 0.1 (r=0.96)
TET JgW (FF4H B) : [NOs] = 144 [PO4] - 0.1 (r=0.99)
#EH J) 0 [NOs] = 151 [PO4 - 0.8 (r=0.99)

fl
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(#FFA L) : [NOs] = 131 [PO4] - 08 (r=0.96)

¥ 7-33% 34 A 2AEHAA ] Aol 2 o Ql4be]l 2, A4 o) Q14te]
2Exe] N FATo|tt duidor FEI3 FoAwdre NOy/POs v &2
B 142 24 Redfield #1-& (16)d <R88 Aok 23y =2 2 JE o] Z7
<12T, 31-34% < AT Yrd F4S Hole FHYT (F5H B AF
}-'1& HERIATONT A3 D2, D4, D102 w4 S0m o]l A= NOs/POs H)-&9)

olgtz Zitoll R jiibEiel vla FriH o= Qite)l2E st Erh oA
%ﬁﬂ‘—‘é M gtel 2] Foo] ditol WU qi4tel W HdHoR =
Tt S At @2 NOy/POs H]&2 oju] RE stASe] <) urald 3
?ﬂl‘@—r—.f"éolﬂr ol AN obHAA BHEA #aA AN} (Imai et

, 1994). & A7 2 B @il AA 12T, 31-34% ! FaATIS
—°~] EA4E Holx= B3 SAA4 AOU/NO; HlE°] #Hi 93, (Redfield H|&; 86),
AOU/POs H| &L 676 (Redfield H]&; 138)oltd utalA] 2 NOy/PQs 4i-&-&
FIZAZRE AHHQ APo]L A 4T ZHAR AlsdH

(3) §1E7 3HHEET] FA

TE5AE AL A $L, RR7AAINE (AQU), Aibolg, it &
NO #AE 3¢ 7-35~40 o S AT}

FEAE GEe UE FFH AEEY E¥xs F2-9¢ FEet AR H]
%3}&] B zAle|HoAe] a8 P (8841 _+_, %-’?—71"3"&& 59 EXE=
Eo5AHd 23 Z2AE L AT w78 4 100 m FeAe] g8 F
ks Bl s ]/*1 BEF7F9YE =2 NOQO] HAE H] AL ol 5o
71de] W] FFENTFFolo] WhH0] 500 m B2 A Qe oA
L SELVEYAE 2 NO 32 FEALZEFTFAA 71€ddh & 10 Tol3}
9] A B4 F SELIGUATES FET AMABRAES BATh o=
& 10 C |3y 3= FHalo9dY lateral-mixing B o= ASete] £3
E3ol A +M3A dojdd e RE e

r
p

T BEAY JelX e FEAMNL FI35Y RS Fdd A
7+

5= tﬂwr%'—% AEre w2 FEFI9%4 FEE Holys £ZACS
g A5 B (Yellow Sea Cold Water) @ 32X £540] 3Ee 2 3
2 MRS 4t oled 4 TEEF A FAAEYSY) F2 2 F
2 <117T, 31-34% © BH=2 832 Qovt (Park, 1985), B ZAAA] BFE2
NS5 ASTe A8 giREo] 344 % ode nPoe =2 olFojA] g xF

IP:14.49.138.138, 2017-11-03 11:36:58



200 m & USE9E FAR g gE844et §ER27|Y % X7l 93y
2 FA¢e FAse FTuEAde mg‘r/‘}tﬂ AEF7 S5 el &
2 GAIgT ol T B-Fdg= Er’-if‘] TA %} AFEH }9] E-Z w8

RNl F43% 2 i olv] B ’5}?‘]"*0“ o3 A-EA skvh (Lin

et al, 1992; Tto et al., 1994; Chen et al. 1995) oA ﬁ Al Ttos (1994)9)
H-Z AFE-3l] FSA JA REAMH "‘1’“3{:7]' HE5eEesE &5dthe SAHE
AAEaLE ot ItoT 2 &5 FFYS SN =&, ‘ﬁ A el =
SFE AT B AFtoA= A Al NOS Alitsle AFEst9Y. ol NOVE #
718do] RIHEHHA AxE S04 AGH Hilol29 Fo =AM ([NO] =
86 [NQOs] + Op), 844} Aol X2 Y71 Alzte] A uzt
#alslAgt of Frle] 32 RIBIEA v L & REEAH WS
(conservative parameter)elZ]dl&-o]t}t (Broecker, 1974).

FEA [ AFEFGAA NO= AF J39] 100 m oA 232 uM = 71 =
0. ol Eﬂwr/‘}“q 7%%‘57 J79] =4 190 m, B J8 310 m <A 2] NO gkt &

2]"’“4 A% He BERIgUSi s dEAMEY Y J79 Ho (89
Adojvt= ’E}%?ﬂ'?ﬂ ’“)9-} H (E&e] dojrt= ]'%-?:5}71]4“-’;":1)—4 FAP YA E
gH a7 dEEds weEl 34 J3 ASd FEHIT, A 79 Hoot HY &+
Agld] e dee FHHeE EF8E F5 99 )"’?J S 2 7=

2 Efd g8 Ha & (T)F 9% (8) 2 NO #2 2A dd+= 7133
of ofz] WAAE olf-3}H 7§’x‘£] J7ol A E&e] doldss e 7ted FARY
g HUxFS T3 ALt

¥0, oy B r
dt {o o>

- 1 H
Mean T = ——p L T dz

— 1 H
Mean S — (H"""Ho) Lo S(z)dZ

1 H
Mean NO = m Lo NO(Z)dZ

A7AM z © EFLEREH XFE TFF F4olal T(z), S(z) R NO= 4]

z A £, 4% E NO gelth. B3 J7¢14 Ho 7F 20 m & ¥H o =2 Host

H ssAAleldlxde] By 42, @48 2 NO @E2 99 $AAL o83t A

AHetar, A3 J34 100 m dlA e 2, 0,5-13‘;_- NO e WA A @xp4-e ol
7

3l Al4xtE Hoel HE-2 109, 190 m ©]

o} ( 41). o)A J3¢ 100 m %4
2] e HFAFE FF J79 109 - 190 m

AR =AY ]S T

ngﬁ
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3 E R dF EAde] Bue AL uidit =
109 - 190 m of =AM NN = SE L7 GUYA7 WEBAE Ay J59) A=o
TEEHYE AL 9ujgic

f1e EFE (109-200m)eil A 2] g zakol2 Qlilo]l e o FAEL
0.79x10° mol/m®, 2.5x10°° mol/m®, 56x10° mol/m® ©lt}. AlMo] wz
FARQEL2FE AT AASIE, Fei (1990 <&l AdE fian
(W=10 *cr/s)E <183t F22sjolMe] 24 28 Fags d7r &
AY¥AHEE A 1Y Fdatolg, oddole @ Fate zZtzb (.79 009, 1.77
mol/m%/yr °lth. &jrle] BEZTE WHIe ANBZFAE o9 Al
100 - 300 gC/m’/yr (Su, 1990)3 5o o8] TFE £2or)jgkar ALH
gt FAEdo R FFo TEATe JHREE, AXAAMR L I g7 EH=
BAAA FLLFT oF 22 - 66 % 7} £ o3 TFIAGE RS < 2 gt w

A

HA FFFANN FFLTE RS WSAR S5 g0 oY $=7)
FEL FTEFEL TFFA  UBFAAMS HBEFIEA gF QYL
FAN7 A 4 2aES & 4 Aok

Aed 2 8

19944 S EEZAAMS] APE A4 RESAHS e o),

(1) EEolNe) 282 R FET/IFLFEEL £ D YR Be ¥
Adale g gagas e vl 2L TRALSA A Bik oduA
A AL B SR YYLTEE 5L L GREE SAR TP} wst
A B B zA M) FEUA R SETIYFAFE EXE TEA

EEIEEELE
() $E/GYAFEY FALEE FRERZWANE A2 IAE 52
=5 2WHol oy, Fe4E e AAZ 32

H Ll
EYHE HAFT Atk §E244 I SEFYYL0] WG FAVREE Re
FEMLYRT ERY SERIYVLE 71 AR A257) RS LTE o

2t diFEdes 451 UASS RoAFn)

(3) BRZ/AEAUF o AMoleFr vl &2 F2ajgsl diSEsdaal =
I FEAIA YA E B

4) FAAFEF AL Bolx AP 2 NOYPO; ¥-&2 #7183
E5E Aol 2H e didelo] JlF o ol A Asfolu)

5) #FHE dEd WE AR E] EXTE £2-9% ¥ Al v)E
st B =AM G S A AR (8844, $2R/GYA)E] E¥XE &
54 s 2R E L RAFAT
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6) TF=3 BAF J3 AFFe TFT LEF/dYLE dSAA BF 79
100 - 190m ¥WHAA Qe He-2HE FFEC

(7) FZT3oA] E5d s dFFdox %’-T}H% B2 G E g2
Qlabo] o] 4.8x10°° mol/m”/day, 4ol 65x107° mol/m*/day, F4+& 1.0x10™*
mol/m%/day 2 %%‘*511'311 HF5HY MBS % o] o3k {7 AxpAY4HH
FAE71 8 87 E = AAAGELFT 2 19 olt}h, whetr] FUavt
23 gl FAIH Ao %"“ﬂ] °jgt & —"':%71"3%}2‘1: —E’—E--% T8 WEF
A AEEHIAEY Qg dXAMNELE FHA|7|=d F23] ST

(8) 8E44A D SENI|FLEL BX dF A1 %wi?ﬂH 1= AR
FANM e £IEA oty giFFIH4g Qi EFC R dAE AT
stel A% f8aA A82 sHeAde ANy
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Fig. 7-1. Location of sampling stations in the East China Sea,
August-September, 1994,
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Fig. 7-2. The horizontal distribution of dissolved oxygen (xM) in the
surface waters, August-September, 1994,
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Fig. 7-3. The horizontal distribution of apparent oxygen utilization (%) in
the surface waters, August- September, 1994,
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Fig. 7~-4. The horizontal distribution of dissolved oxygen (#M) at 100 m
layer, August-September, 1994.
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Fig. 7-5. The horizontal distribution of apparent oxygen utilization (%) at

100 m layer, August-September, 1994.
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Fig. 7-6. The horizontal distribution of nitrite concentration ( M) in
the surface waters, August-September, 1994,
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Fig. 7-7. The horizontal distribution of nitrate concentration ( #M) in
the surface waters, August-September, 1994,
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Fig. 7-8. The horizontal distribution of phosphate concentration (M) in

£

the surface waters, August-September, 1994,
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Fig. 7-9. The horizontal distribution of silicate concentration (zM) in

the surface waters, August-September, 1994.
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Fig. 7-10. The horizontal distribution of nitrite concentration ( #M) at
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Fig. 7-12. The horizontal distribution of phosphate concentration (uM) at
100 m layer, August-September, 1994.
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Fig. 7-14. The vertical distribution of dissolved oxygen ( 2M), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization (M) along section A, August-September, 1994,
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Fig. 7-15. The vertical distribution of nitrite, nitfate, phosphate and stlicate
concentration ( #M) along section A, August-September, 1994.
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Fig. 7-16. The vertical distribution of dissolved oxygen (uM), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization (M) along section D, August-September, 1984.
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Fig. 7-17. The vertical distribution of nitrite, nitrate, phosphate and silicate
concentration { #M) along section D, August-September, 1994.
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Fig. 7-18. The vertical distribution of dissolved oxygen (uzM), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization ( #M) along section E, August-September, 1994,
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Fig. 7-19. The vertical distribution of nitrite, nitrate, phosphate and silicate
concentration ( zM) along section E, August-September, 1994.
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Fig. 7-20. The vertical distribution of dissolved oxygen (M), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization (M) along section F, August-September, 1994.
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Fig. 7-21. The vertical distribution of nitrite, nitrate, phosphate and silicate
concentration (x M) along section F, August-September, 1994.
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Fig. 7-22. The vertical distribution of dissolved oxygen (M), the
saturation of dissolved oxygen (%) and apparent oxygen
utilization (M) along section B, August-September, 1994.
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Fig. 7-25. The vertical distribution of nitrite, nitrate, phosphate and silicate
concentration ( #M) along section ], August-September, 1994.
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Fig. 7-26. The vertical distribution of dissolved oxygen (z M), the
saturation of dissolved oxygen (%) and apparent oxygen
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Fig. 7-28, Plot of dissolved oxygen contents { #M) on the T-S diagram,
August-September, 1994.

(% )
4] £

Salinity
8

Temperature { C)

Fig. 7-29. Plot of Apparent oxygen utilization (#M) 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,
August-September, 1994,
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Fig. 7-31. Plot of the phosphate concentration (M) on the T-5 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.
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Fig. 7-33. The relation between nitrate and phosphate concentrations,
August-September, 1994.
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Fig. 7-34. The relation between silicate and phosphate concentrations,
August-Septemnber, 1994
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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. 7-40. Property-salinity diagrams for section L, Augu;st—September, 1994.
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S4o] zAH AT

1994'd 674 _FralgH 2 AFE MF g 24

1994 692 RE 742 Alo] 3o} FF e = ?421 A g #
AR AGqA #S ’ci D, #54d E 49 2AAFES THe= =28 9
SRHTE 8-3). B FA= d= JdAdT4E T8 3t sl B8 s AE
A EAo] AU nFF R 19949 68 FAM] AFEY Gotod®
Abo]2] 270 “ggalX AFE Alax 43149

2) AEEZHZIE B, AF¥ A+
AE AAZAENLS YAAME 40 m o WEFZIE 71 Kitahara )
o] EHAE AR7IE 0|83t FEHLRE 2], AFF F HFTFEE 4 ¥ He
g $4 x=2ddo 2 1 HaF AFddA Hxz wi-g 1500w 9] 338 HolAg
(Zeiss Axipot) 3lollA] BRI T AR H2Fe ANA 7 dddy =
7 2Xxo vty Qs Thalassiosirads-2 Herzig & Fryxell (1986)2] oAk
ZA}, Hallegraeff (1984)2] &3 FdW89 =A} Simonsen (1974)2] Q1x <k =A}
A L& FustYF. Nitzschiod-& Kaczmarskas (1988)¢] whAek ZA},
Simonsen (1974)2] IX¥ ZAL T2 FI3AY. Thalassiothrix®: Hasle
(1960), Hallegraeff(1986), Hasle & Semina(1987)9] ¥ R &/ £¥XdTE #Hx
A=

AEEFAEL] JEFE Hol 82 AT AJEF Lugolfdoz 1 % =HA
A F OAGAR A FAAA ATHL AAY F Sedgwick-Rafter
chamber& ©}-8-3led &Hnl7 slolA A4 3a 4.

Oﬂi

. 29

(1) sF=3qe] AEEFAE T4 4 J=F
(a) AEEFIE F24
COPEX-E 93
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19939 129 A F5T8o] XF D& 4 Be} Jo ARIgaE Ay
=4 A F 2125 F7F 2dEG 2AM 29E 2255 dEEyaEs
253& < FAHJNL 195 FE P1sFEAAT (¥5 4). 239 AzEZzgEs
TEFE 634 190F 22 7MY dg 2242 Jeit duess 172 70
TLE MER U2 OFd F24S HYgow, Y2FE 24 3Eo] 29
AT TAURRE 2% 280l Ueigon FHA o] Q= HREEE ]
T 2d3a

B EAA Y AEEY93ES /MY 9Udd 2242 UJEd Fze9
2 T 254 JAA 1715 F, 224 BolA 181222 w2y S
TE & AolE HolA @1 vk =T 161%9 FERI 24 BEMA
TEHOR 2H3A 2AL Szt MBH FAF BRAHL ¥olm o) (2
2 4).

COPEX-E 1994

F5H Bt Jo] HEEFAE 24 2, £ 1495579 2T o] UEgo
o 16T FAHIL 13FFE nERAYY (B2 g) NEEFAE F 37
2R 3BE BToR JF s = AW R FE 164 58

Fol £8P FRFE 24
Bth ol 129 ARG 7FREE 104
HRF= 1280 743 Aot}

1993 d 1243} 1994'd 8¥ e =AlZAFY EF =)o)
dFol & Aolg Ueulz Ut (3= 4). 24 J9k =AM B

B
w
ol
L
g
r
o

N
3
>
i
i

QL detihRe) ¥7] 2 ByARe ANEE AsY Jrsgasy 23
4 dghe HEREN BAGY, $8 U Fu Sole AEEIAE Yxd)
BT PlAS YE 290 AgHTH FEIH L F2AQ Ad gde

EETIAE A7 Aikawa (1936) ZHE AlZFEI Qoo 10808 o)Fi=
Huang (1986, 1988), Guo (1991), Xu et al. (1990) So] ¥EZx =2 Az =g
2 47N He3 =8-S FHE. Huang (1988)3 Xu er al, (1990) &
e EdH §4NE) EXE 53 AEZFaE AY (ecotype) &+
S shev dizk Fsdy A 4R HAgda] et FAgol
AEETIETSY FAE AraQr] Wi, olse) ARs 937 v} ia
Aol HEsrle dR RAgol Utk ABEFAEQ Ajs|W =4
Mt S8 2o Walsl WrsA BAge Yehloz gedre =
83 Fopolut W ddola B1HQ A WeER ALIISE s
53 Aot

et 2 24 Y B5IHe) ARERaE RIEYLS was) 98
A= A7 2839 93, A AA $5dae] 23839 Rynm o2

b

A
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s Qe o8 Tol NBEAIE T4 A7 YsF HAzHon
Doty ZZAL ot & (genus)®) Al71E 2E8F WEHY REATE 49
nwtsd As 52 s

AEEZRFE 27T AV|E HE 9 £ ¥
=l J93r B 49 % A7l =2 Zole ot A wEFE F 19152
' g molmglth. FVF FEF T M BRT T2AE W
21 Z“—?(Grenus)% Chaetoceros 422 29%o] Jelutth  Nitzschia® ot
Thalassiosira®2 zYzt 22% 2 18% 0] veh} g F2AE Bola YT
Rhizosolenia®-& 132, Coscinodiscus%-& 12%0] Jehd vu3d oYds &
d 24SEET (RE 4. 239 B RAS %—GH el 2dFS AI7IER
o o2 FAAE Heolal v
Chaetoceros2:: AAA s1FoA ¢ B Fo] VeI 47 Fol
oo B3 Aoz A AU (Round et al, 1990). ChaetocerossZ &

o] Thorgrm ol AX FEe INUYPAR wE WIFAHS dodl= AH
A EQe za Yo FALH £d L ddsdd 22X = TR
NgZPaALo| ) 129 2T FAMIME Chaetoceros®S 8% 5 ¥}
U AESFIEZ B F2FS URRG (X, 1995). 54 Jo 54

BolA ®e BExE Jed Fo2E C dfinis, C atlanticus v. neapolitana,
C. brevis, C lorenzianus, C. messanensis, C. peruvignusZA 4 B3 A
R¥s= Aoz Yehygth @4 £o2E Xu et al (19903 Guo (19917}
ZEAlQ FAAA FA %1—: AU FERFE TEFHR C atlanticus v.
neapolitana, C. messanensis 7} 2 AR x &@3sY .2, Moreno-Ruiz
(1993) 0] 23] v+ ABEALS Yedlse T2 9l C dversus =
ZAA Yo EYEANS eyt AXYIE §5 $Ao 2AH UYFTC
(slokad A, 1094)9) F=@ 92 AR J2, I3, J4 oA A7 12, 15, 14542
2 712 e F 2de 29 FAFo R vEwth
89 zAIAE  Chaetoceros% €l 11F0] ZE3INIYL, Chaeto. diversus,
Chaeto. messanensis, C. atlanticus v. neapolitana 59 3574 A%FT &
He vEde Fol 2dsget 1294 v 74" T4s W2 #d 9=
g B9t
Nitzschia2:: 129 ©24 B 2 JolAl vebhd 23%9] Nitzschia% 2l 7
Z8% N. aquatorialis, N. bicapitata, N. bifurcata, N. marina, N.
longzsszma N. ossiformis, N. panduriformis v. minor, N. pungens 8Fol &
AMA] W2 Bxs Uellth N aquatorialise A4 Bl, J1, 29t 2L d5%
Aol 9AT RAFEAME 2d3kA ¥ Yew, N ossiformists 44 Bl
N maring= A3 J13 ZQ Bl oA £dsA 2%t ol <18 F9 A4
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8730 A4 E4L Uele dgAeHE R ¥ ARPL veag
Nitzschia %3 e $4F2HE VA2 A3 HLBAGN =2 2
T3z AFolu ANF e nYe] ARSRATY 99 TA=] Yo @

4 (Hasle , 1960, 1965: Simonsen 1974; Kaczmarska et al. 1986).
Kaczmarska et al(1986)2 tHAlekel 7123 warm core ring Z&A}o A
Nitzschia%; 256% 2] 288 Ruslgon o5 FydA A TEF A4
o 22~49%F AN Fa pA Towm Jen WA A1Fe Gulf streams$)
warm core ring (WCR)ell &3 3t= Nitzschia% o) 25%% 1780 £33 ol
ME 23 F HLAgM 9 Nitzschiazo] Rye TARE 548 melr)
Nitzschia bicapitatax AAA Y] BXs 1 By we= =9 60
~ F9 627 Alole Y& EE¥MAE MY (Simonsen 1974; Hasle 1976;
Desikachary 1986~1988). %3 Kaczmarska et al.(1986)2] A% WCR
ZAMA] Nitzschia £% £ @222 Yehils 283 TAFTLE ey on
& ZAMZIQ 1297 Yol BE4 ] 2 #4354 B A AN EFH3Y
Y. Nitzschia pseudonana= 2% 69° ~d¢ 72° o ye X 395 e
W N. bicapitata®} 2-& M ZEF(cosmopolitan species)© 2 FR =T} (Hasle,
1976). N. bicapitata ¥ N. pseudonanas} Bo] wWe Rywmgs Helgi= &
L2 N, delicatissima, N. longissima, N. pungensso] &5 =4 A e
I A (& 8-1). N marinas AAA dFe G4doy oo xo Z3-e
HYEhl= Folth. Kolbe (1955)F Hj¥d Hed 5 Mg Tggx A Tl M
N marina= -9 H& 2XE Hgon Chin et al(1980)9) s3] A
BTESY F2F BX A7 &W N maring?t 240 GHee] gge
37 ¥ Okinawa B% Z o)Al BT ik, E§ Koizumi (1989)% dln}
HHEE AR A T2 VALY core sample & R
8% A7MM N morinag @5 AEZow Algsgo o9} o
Nitzschia% o] £ R3S ZHuabd, 89 A9 &28x 7tax AH Al
BAhs 71AF 28 Ao oF T o7 U = A 2He
AMIIRE AFEolof & Rom AlmHEL
Thalassiosira%;: JA Yol Thalassiosiras o] L8l 100359 3+
ZF7F UEve Ao 2 zALHO Y (Gaul et ol 1993). o= 2 HAA
Hdd EX3n] R 25 gz o2 st A WA o Fg
¢ AAE AAsh: Foz2 vedg B xA gy 5% #&4 Be}
Jold 18F0] ARAYY. 129 =AM Thalassiosira anguste-lineata, T.
diporocyclus, T. eccentrica, T. punctifera, T. punctigera?} A AANA &
3t B REEAE Rol: Toz Yy wdw T intrannula, T,
sackettii f plana= ¢ F& EExWYs 249 @A 4ol o)
Thalassiosira 49 H¥ &X AT2E WAMY Gulf stream® WCR (Herzig

o

o
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& Fryxell, 1986) ZFALS} &5 F£HIPA (Hallegraeff,1984)2] =ZA7F Qo)
g Kolbe (1954, 1955, 1957)% B, thA<), Q-] AE 3 F 459
Aol 72F E3xd e 445 39t Huang (1986, 1988)2 ot 233
A ZALE B3 Thalassiosira® el w27 1059 X E BRuEdgoed, Xu et
al.(1986)& Wit RRALR 71 FRAAA] A A (1986 5~6
W)l Thalassiosira® 3% 92 2udyc. =3 5523 HE AL
A XM= 3F 9 Thalassiosira’t 8 sttt (Chin et al. 1980). o9} o) B
Fe el FRFFAXNE Thalassiosirad® FEFA AT A77F ¥5F B
Y}, Takano (1976, 1978, 1980a, 1980b, 1981)= F=2AlQ 2 <aFapQl g8 &
Fa| Ao BXES = Thalassiosiras:?] 27 3 £F 475 sty
TEFNe] £ FEH IF FEgE P BuiMde] G54 A4F
H sty v fAMS d5Ee BREEAS Boluly (& 8-2). &, G
T. diporocyclus, T. leptopus T. lineata T. punctifera, T. sackettii {. plana,
Planktoniella sol 5°] ¥5Ao = BX3x Uvt T intrannuia®t T. sackettii
fplana= wi-¢ =5 T2 FFIHY S99, BUMY Frdore TE
o2 Z9IH ofF dYztel Ao FAIAHS HAFE S F8F o
2 Az, a3y 894 veld Thalassiosira® o) 2@E L 4F032 %
e ZF9F &€ BRYY (X 8-2) ol BFFdd Zdsc %A
Thalassiosira 59 28 &°] AIZIHE td2tes AL Bole Aot}
' Rhizosolenig%:: #EA ]9 %24 BolA £ 1329 Rhizosoleniad;o)
Z4d39™.  Rhizosolenia% €& H53d 33L& 2FF AAA dAFA YA

H
LS
=

o, rlo

33 At (Priddle et al. 1990; Round et al. 1990).  Rhizosolenias: <)
ARxzol A4 1A FEFQ Richelia intracelluralis® TABAES Holn

A= Ae e 3 ol A YElY= IR Es ] & ot
Rhizosolenia-Richelia®] ST A< Hhrde] Aty Aar] g3 7124
224 el (Marshall, 1981), 7HeB238jdAx =12 HA Ex3g
(Marshall, 1973). 3t £ sl H ol M= Rhizosolenia-Richelia F4 #A7}
ZALE 0 (Marumo and Asaocka, 1974), Wfdl2 =4 42 Uy 1e
&k (Venrick, 1974). ©l9} &2 F2F{ote 3 ALA Lol AFd
A glez2 A AE3= Uiyt ofddl oA dxrRel ALTAR S
8 A EE W e EAoE  Rhizosolenia®t Hemiaulus%9 3
FolA vebvds giod (Villareal, 1991). 1992'd 9~1092 3ol s
Rhizosolenia & Richelia®l 3R BAIT R. clevei®: R. cylindrus®l 2241 o
AN EXe 8 FRAGe AgsEo YERT (3, 1995). FF5 73]
ZAYAlE= K. cylindrus$t R.clevei, R.castracanei 3Z°) Richelia®t 337
E FA%E JUegd. olF & TEFN Y 7% ozl F2A L7 7
3t g A AF5Ad FgE L= Ao Algdd
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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 agquatorialis Heiden ®

Nitzschia bicapitata Cleve 3 * %
Nitzschia bifurcata Kacz. & Licea * * *
Nitzschia braarudii Hasle *

Nitzschia capitata Heid. & Kolbe % x

Nitzschia capitellata Hust. %

Nitzschia closterium (Fhr. )Ralfs % % %
Nitzschia cuspidata Hasle % %

Nitzschia delicatissima Cleve % 3
Nitzschia dietrichii Simonsen %
Nitzschia inflatula Hasle b

%

Nitzschia inflatula v. capitata Smith

Nitzschia interruptestriata (Heid. ) Simonsen %
Nitzschia lineola Cleve * % 3
Nitzschia lodicula Kacz. *

N. longicollum f. delicatula Hasle %

Nitzschia longissima (Breb. ) Ralfs % % %*
N, majusculum v. lineata Ricard *
Nitzschia marina Grunow B 3 %
Nitzschia ossiformis (Taylor) Simonsen % £

N. panduriformis v. minor Grunow b %

N, pseudonana Hasle * e
Nitzschia pungens Grunow * ] st
N. pungiformis Hasle &

N. sicula (Perag.) Hust. % % *
Nitzschia subfraudulenta Hasle 3 *

N. subpacijfica Hasle 5

WCR : Warm Core Ring in Gulf Stream

ZFH9 BEIXdaqA Subtropic, Subarctic, Arctic, Arcto-boreal neritic
diatom groupl 2 AJEIHE PRI v} v} FEZs A= Koizumi(1986)9)
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9}3 Subtropic diatom groupl.2 Aejde] 72 FU Azpeitia africana,

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

Australia North Atlantic East China Sea
Species T.W. SW! S¥%? GS WR Dec. Aug

Thalassicsira allenii * %
Thalassiosira bipartita % 3
Thalassiosira axifera %
Thalassiosira auwviseriata
Thalassiosira delicatula
Thalassiasira diparoglus
Thalassiasira eccentrica *
Thalassicsira elsavedii %
Thalassicsira faelineata
Thalassicsira fragilis
Thalassiosira intrarrula
Thalassiosira leptopus *
Thalassicsira lineata *
Thalassiasira lirecides
Thalassiosira mla S *
Thalassicsira minusaula *
Thalassiosira marpl ineata *
Thalassiasira cceanica % * %
*
£

®
* % ¥ %
* %
H oW K R ¥
b
3%
L]

*
¥ W ¥} W
# O W %
O S ¥ W
2%

%
L
%

Thalassicsira cestrpii *
Thalassiosira parthaneia

Thalassiocsira profurdd *
Thalassicsira puctifera * & 5%
Thalassiosira puctigera % %
Thalassiosira rotula * *

Thalassiosira sackettii £ * % £
Thalassicsira simnsanii b

Thalassiosira spinosa %

Thalassiosira stellaris *

Thalassiosira subtilis £ * * & %
Thalassicsira symmelrica
Thalassicsira tubifera * % X *
Plarktaniel 1a sol % X * #*

*
3
*®

3%
<
%

3%
%
%
%

T.W. Trepical vaters, SW. :Sbtrepical vaters. SW.:Slae vaters. GS:Qulf strem  WR ¢ Vam aore ring
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Azpeitia  nodulifer, Hemidiscus  cunejformis, Nitzschia  marina,
Planktoniella s0l, Pseudoeunotia  doliolus, Roperia tesselata.
Thalassiosira leptopus, Thalassiosira lineataSol Z@&YTH (¥ 8-3).

ol F& dulvt o2 $dd RI3E Toz A0 97 S-uig
¥ subarctic | H7HA] olFI- Aoem et} ol e FEB MHE
43 RIATE F3 U4 AYE QUYL Hol: T2RE $¥ U
Fasls  detdRASel YL Gede sy F2 2Est
33F2] FFEIAAM A7y 2d e E 49} 2t 128 ZAMAGE #

4 Jo 33%, #5354 B 30%0] deht 2249 aﬁi%u A317 Hon
O TS JYeERd. 9 8~99 ?’-A}oﬂ)d FOoR FEEol 74
FAom BEQ JAA 11F, #E2H BolA 820 LJrE}‘xkEJr.

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

(=Azpeitia nodulifer)

W Hemidiscus cuneiformis % x

W Nitzschia marina % *

W Planktoniella sol * *

W Pseudoeunotia doliolus £ *

W Rhizosolenia bergonii % * e
W Roperia tesselata * *

W Thalassiosira leptopus %

W Thalassiosira lineata % * X

W= Warm Water Species
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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 %
Bacteriastruwm comosum %
Chaeto. atlanticus v, neapolitana
Chaetoceros diversus
Chaetoceros messanensis
Chaetoceros peruvianus *
Climacodium frauenfeldii %
Coscinodiscus reniformis %
Fucampia cornuta
Gossleriella tropica
Haslea gigantea b
Haslea gretharunm
Haslea hyalinissima
Hemidiscus cuneiformis
Nitzschia aquatorialis
Nitzschia marina
Nitzschia ossiformis
Pachyneis 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

L ]

+*

3%
¥*
<%

WO ¥ ¥
%
w®

W

3% 2%
}i.

% 3

O % % B O ¥ %
* O ¥ O*

% % ® % W ¥ R

» B

* b b

e % W% % ¥ oW W ¥
3%
*

* 2 S
® oW W
=

Species number 33 30 11 9
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(b) 4E&EFAE 3
_3:,].2-_/\-1 1
19041 8~09 ZAMA] T IE FEsicle] AXNF REM Jo ARZFa
o FEFS AF 59 50m FelA 12500 cells/I2 HWghe Vergon,
83 J74 150mEF A 1,500 cells/l 2 H43-& UebAT (28 8-4). &4 4
TEFIAE HEF: AFEE EX Ao d=A veguz stk sy &
Aol AT FY I3 J59 WRFEF FERNA 4600~12,500 cells/i 2] 74
A7 vepvie g% oFF ool YXF 100m 2ol A= 3,040~4,000 cells/!
2 ge dEFL ¥goh uy g2 -‘?JEHOH AA A I7, 18, J94
100m ZolM AE2F a7t dehdx] 4ith 25rd R¥Es 2Wa 2o
7F dEh 2559 30m FoAME 42F 9 Q}%E%—%O] T3 A3 E e
100m 3o M= FRaE7} Ah;ﬁ:s]gg =2 7Hiil HO]_E ATH. Fei (1991)
T 5T T99 20~50m FolA ¥ chl-a%® SETNA FEZAL

Eo] Sa3) foof&ol &I/HO]] 7]0] 611:}‘»' EJ_ 6}2’;11:}, B FALG AR
254 Jol ved HEEFIEY AArRES ol FA AL el
U (28 8-4).

rﬁ.

=%

e AEH B EHozE P §9Ad 23 dorig
A Y, dAdse] gL W HAH NE RS FIAQ 9o I
o g4 oElu Fg F£29%Fe 34 £2 F 4 Ao (Miao and Yu.
1991). A<t FFS L HAdd E e FIAL $919 &40 3
FL BEAMA dS5o2RE gi5AEY YR A 18 27X WA U
B ok =@ o EFHe) I By uEose Aoz M e ook §
Ae FAAAA HAESHIE JAEH 7S Adsy AT RE AL 0]

7-‘]‘_ fRiez LI olzig B33l 7]ty
Tgo] 129 =AMAIe #FEA Jo 770 AF FTEF 0m, 50m =9 B 3
£ 15960 cells/I 1o} & 21S nelugloy w3l 12% FARA J4 (==
372m 2] EAMHAG $A) A vhebd ulel o]l FEREI 2L HHES
A" #-]TERS Aol Aok (¥ 8-4). o= %%Esﬁoﬂ}ﬂ—q 2 87 9
AAUE7T Bf A & 4TS vAL AL JeEbdg T3 g3
3] FHANA YEbE 100m &9 e FREBY @ii‘%ﬁ FRZAIL e
Al Rolx SCM (subsurface chlorophyll maxima)® ¥4 (Furuya and
Marumo, 1983)el F8.3F 74 Q<o 2 AlgHr),

g~9dsl HEEYa

ko> g rl

e
%lw
b

e
Iy
.
E o
4>
i
ity
023
k¥
il
o
A
i
O

AEF2 A B2 30m FoA] 44,900 cells/! =
E}‘ﬂo“} A7 B3, B7, B109) 100 FAA+E 5000 cells/I © 8=
= B3d (29 8-5). #54 B AESIYIAE A HHS A
21e % M BYPW 100m 2o d2F =)= L}-E}—L]—Z]
o] Y2 5% Fdo X EN @4 Gegg I wE

& 1 wE B
I“-J ) rlo g
¥° JIN‘ i ﬂJ[O
2o rg
D
rﬁ:
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A B1~-B3 Alele] X% 30m A Aoz & JAEZFE Holg, 2
Lok o9l 50m oA e AE2F S Y AL FAFOZRE #F9)
H 220 2HEFe I8 U AFY ¥ TF Z2 AHERES WA
olo] W}E A% ZAFE 72 T L JAEF YIE /FLF & Ao oy
Tians et al (1993) 2} 3}A ¥x7 372 YFY % Chi-a FHEXANA 1}
B ulel Zeo] HdE F BE REL 27 psuRth B FHA ARTLE
ge rmolu Utk wH FFEEREY o 2RE9 F4

o2
o} 4
=1

°
X
2
ofy

K d
A%, oFF 9 o] Tol EF A T & FEoIH
34 Bl B2, B3dAe B £49 %3 FAHL sl R EFN 42
olFfel el dFA frdol FHed Al R AE EFAE
27k7F vEbE & e 2548 Wi sl

(@) B8] dislede] 42EFIE 24 B FEY

9
19939 29 A%E Ay el R TR oo #Ed D 9l

<
B8 2 A% @R £ AT AH El, T=F 4499 B34 F3 T LA
AR (28 8-2) F 134F

2o AREFHEo ST ¥ ABEF
=2

2%, MEXF 16322 olFoT (i,
1995). RFE 2EFTFE 6~-84FL, T T At Bl AAE AH
9% 45 vEEd (£ 8-9).

2 ZF 7 ey 72%
IAIFfAE 2R I8 FRE 12
57t 65%0] 28t AA FHF9) 58% Y =& HE&E XA AR e
P2

290l F3 PR HAdAE= 129 o|F 9 FAT F& sETH 5 AlEF
8] &3 45t EFo] Yot F€& 2 AEol FAFYe R FAG EY 5HE
Bolw vt (P F, 1993; skA T4, 1994). o]t 22 HAFHFY Hygor F
HZo] W AAFH AA] PHEFESC AEIFIEAE 3 FL TH TLE
et ot #EH DME UYAd dFFl R Agpeitia nodulifer,
Hemidiscus cuneiformis, FEucampia cornuta, Thalassiosira punctifera,
Thalassiothrix gibberula 5%°] &d3lx Aok ol FES& AdiHezr &
1] 2dEAL Vel AF D6~D9Atele] £ 4= Exda Uth

—_—
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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 D5 D6 D7 D8 DS DIO DI El
BACILLARIOPHYCEAE 55 52 63 72 63 65 75 56 63 60
DINOPHYCEAE 3 4 9 7 g 2 &
CHRYSOPHYCEAE 1 1 1 1 1 1 1 2 2 1
CYANOPHYCEAE Tt 1 1 1
SPECIES NUMBERS 59 56 69 83 77 74 84 60 71 &5
June. 1994
STATIONS
CLASS EL E3 E5 E6 D8 D5 D3 D2 DI N8
BACTLLARIOPHYCEAE 35 34 9 14 15 24 26 20 20 38
DINOPHYCEAE 14 12 8 8 8 10 8 6 8 40
CHRYSOPHYCEAE 2 2 2 2 2 2 2 2 92 9
CYANOPHYCEAE 1 3
SPECIES NUMBERS 52 48 19 24 25 36 36 28 30 8l
Aug. ~Sep. 1994
STATIONS
CLASS FlL F4  F7
RACILLARIOPHYCEAE 4 45 25
DINOPHYCEAE 18 19 19
CHRYSOPHYCEAE 2 2 2
CYANOPHYCEAE )
KINETOPHRAGMINOPHORA 1
SPECIES NUMBERS 63 68 46
_284__
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o) (1990)E 290) AFE Ao vehd deldRsrs 2F0E

A WEE B BA BB AAE oFY R )

of Wi 332 #98 JhsAe Susle dohdid A%el Rxsi I

dase BRI 2ETRE NS i FH2 492 £

I AT w2 AR drEe FIURALE LiEH]
A

JB ox

¥ 3, %_?« 5 %7]'/‘] 1% Y4 ek aEuvk JAAFHR F P4

3 7o T 7 %—74] F Ao olF] FafoA ﬂ? Lhe}
A QB S5 YA EHEE0] AT, FAdE ofdd F
718 girhd 5ot B2 o2 olFdi B FIHEY B AR #Ha, d
] 3} 743l (Chen et al, 1993) olof W= 210]31

m‘,’i rii
ol
9
lo,
=°I'='-.
-i‘r
re
o

AA =D, BFIA22EH AR =71 A 72l 23 7132 FEeM =

rﬁonm%_\.uﬁ._lcrlo-w.qmﬁ.r{m__@
OJ
le‘-IEF}OEFIE

ra

oz Audn me o)F TE we QAZ B AZHE AL 84 A9
o]
A

} etk (e, 1995).

f% EPHE BT 4360~ 48100 cells/! o] BHAS BJeny 7 £ H
AALFE BF 19560 cells/l, 20m %5 19480 cells/l, A2 20,700 cells/li
H 23t WS FAIE AEFL et (2 8-6). w@ ANEZFIE

d&2Fe T D T AgkY A ”‘"tﬂ"’—ﬂoi Eo NAFE Bol FY &
=l P R d Pk R ﬁf%*g vetyg. 38 A D7 ol —4 28 AHEAAM
Paralia sulcata?} 26~88% ¢ =& ARE&L BT, oY &Y X &

3 FRIdel FA 3ﬁ B3 EA4A 536 % R A, chl-ad] oW
A} BXAMET Fglo] BolT ¢t} (1Y 8-6).

1994%d 6~79 |

19943 6~7gAe] AFE FREAGgA FAG BEFAE A A5 E9
A AR5 #2M DAMT (I 8-3) 81F9] AEEHA
o} o]F FERF7 6l FoE M U xS B, S’—PﬁETr 17%, 74
HEE 22 J83 FEF 15 23390 338 28F =1 52%«1 H
s Ve r, ga) 3R TG AX§ B3 EsAlA 19F0] %‘2‘1’5}04 7t
Z G TRAEL BYI, FIZEZ A AXF AH EldA 52F22 7HE
s Fz2AS JeElld (Table 5). AP 7279 ¥ %4‘—% 9~35%0.
2 129 MRS ARsel ZAHCOPEX-E 93) 299 3] dasfad =A4] &
o o HL ¥ 5 Folu

2o ABEFHFAEL] AEH Hole LY Pﬁ" Aoz vEdh
(Smayda, 1980; Harris, 1986). A &3 B, 7M&ds F2F7F A3 &=

PR
..Q;I-_J
m.[).[.
r'
o
iB.
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SFHEFU LF] AR[{EC] HEBZHIE 249 Fg FAYo T el
(Pingree et al., 1976, Smayda, 1980; Jones and Gowen, 1990). ¢]&}dt o]=
g S8 A FAEH Vebdt. 53] 2 zaAlddst o] AlA
oA wel dFe A4 Ao veluds A, oo WE Ty ookl
sHe BR873 WEz £33 AL 53 2H 9 2AYY (Margalef
1978, 1985). & H}oﬂfﬁ H e @R #EH Dot #EM Eo 72 E
ZHUE AT, FA A7) olF AHEe %*éii el Adstg Az2AEdg 6

Hel gz %j*—’?'*ﬁﬂ-j—‘ﬂ MNP FFo) BAHD, TE54E Ay aSe) g
< 3A %%f Aoz AR AT (Lie, 1987, 24 5, 1991). & &40112\15 x=
GEEEE ¢ H HMw7t AT 97 x F489E VEhT glon) Qo
%0l 20~40m ZolellA vheltar gk (sfakdEA, 1994). o)) uwhal ""Mo] 13
2 U273 %ﬂrl‘i—“ﬂ o] AR El, E3dM &3 FRad g3 o2 Ao
HiE DA 7 Fol ¥nA teold 29F £2 JEhY, AAxyoz mo

e BEF £ Ueig U QHRERY AT S 290 b8 Z7bein,

g Fo W o2 AZEE AA ElAME Gymnodinium
mikimotoi type®] $HEF T4ld 2§ 685 ug/l 9 chlorophyll a T==
Hovh 23 AARFR]  Oxytoxum spp. Gymnodinium spp, Prorocentrum
spp, §& ZAM HE AN m2 dEFS vgyoiay 8-7).  wr,
Ceratium 4<& 2T P9 JHBFE AFT) GotoRE Alole] A N8

Agris e FTol I Fd FR HAoME X0 Ho (X
8 5). ol & AN F3j F ol sk o] feok=e] AT A §
EfFee] da AiAe] 8 74 Fox veun, iy
2! g e Au o) uiel E¥r rRae

o
L
e
t
du
it
rlo
¥
.

p 1)
1] .
ML
olf
03.

ol Aot

HrAd YT AUP L Bols FERFY BELE JURT Y fAFE
< Bt AFEs Goto €% Alole] A3 N7 A3 N8eAd zHz 653 11
Tl FAsA o, B3l BN sMolME= Thalassiosira lineata$t Planktoniella
sol 2%F o] 23y (0=, 1995). Planktoniella sole trbdE 49 44loz )
T AR s S, A vEd AE3 Age] Bi EHe vyt
ALd dFFe F52 AFse Hez Algdrt wd Rz ?"ﬁ] o] &7
o AF WFE HYBHANAM 2L FAE NolE JURREo] YL 2 A
STy e A9d Yo g 83 Aa A dug 3}% R
2 e dEd (29 8-7).

B 2A dElhd AR EYaE] dxge 3,180~341,430 cells/l 2] =%
B Holy Hu TS FAZ &7 949 FF Ele B2A vehgt (o
@ 8-7). A3 El %2 4% Gymnodinium mikimotoi type®} ¥|mA A%
Sl 2 AURFR 264760 cells/! RASE Holr) 733% o HH-8L g
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Wtk Gymnodinium mikimotoi type-4 9]-343 E A dF-E ZHNA
10~20um 3712 Oxytoxum, Gymnodinium, Prorocentrum 42 A3 e] gHY
FEE LT 805~972% < FHE&S Udehule ARG e ABESHAE &
e 9zt PAARZAY F83F JRE AASE Yo (TF 8-7). AEFS

A Elat AR E3 oA Paralia sulcataZt 1,870~2,500 cells/l o A +& ved
| 74; zﬂsa]s} FEAYg 2 AFE ARFAAAE 1,000 cells/ o3t v+
23 #-g Yehdrct olx 629 YA FA diF4T] o]F 9 %fﬂo
7} 4 9} "*%?{i o &JFF ok Fx o W3 T o pRF dAE
ehle, 239 U {9 AtEY BRI & HEFS ‘4'5]-’4]_ ﬂ%
Zao] Ho|l BEAL 2 Ushl: 27 TRolth E ZAAL & IRP
= A&7 AFE Hhr7A 2FEL Yehla gloy, $&9%F0] 20
~40m zZioldlA vebvtn et (g T4, 1994). 3538 dEF 2¥c 33
D5l A9} 2ol FERT F£FAAM % vebge] okZol] 50m FdlAM =
ge FELS Jeho] 299 Exdgdys 8% Zoirt Uk wakA] o
6~748 Alo] ZAAFFo] He FYAA QAT F%Eo] ANEEHIEL FHol
2 23 22 PUE 233} 8T &4 2998 ¢ £ Utk =g FAG
g M4=0) FAo ¢ A HP3 A4S FFY T Z3tA 3y, AF FH3
Ag I3 FI FRMG Ay BRI ABHA 8% 89122 Jehial
AT

(o]
S 1.,.

rir
0
rr‘
X
=~ o
_i,o_lf,

7=

COPEX-E 94

19949 9¥ = AFx Ad 93 AT 57 £4E dle ?_3’}_ Fe] 37}

A A 46~66F2] 28 ZTFALC] EFIAUH. AFERE 5
AtZo AT AY Fl F4lA 2+ & 61F3 66Fo= %‘—"o’,-.’?‘*"—‘ﬂmﬂ SRk
A3 Fae] 680T GTE TEYE 20

AA Fiel £4 10m ]3] $£EdAM= e FdF3 EgEALLE B
EFodre AEFd 544 Rolx Ut (14 8-8). FHF F wERT 41T
o] ZE3le] F9] OAFL Hol= Fe Y FA 47 o1AYE ehllx U
Uil ¥ 3olA e ¥ SHERQ Gonyaulax polygrammast F3A AREF/Q
Mesodinium rublumo) A8 Zg23E Jd&F9] 40%S A 3t] LA} M4
of 9% 555 AufHE e Ao R

A Fi4c FRZ M5 4FL Rot & E@d g F3A A5
o] AH F3 S5 Alole] A AMo] dAHE F£H02 FRFI =& &
2ZFL vehilu Ao (2@ 8-8). ol Heo] F=ddAe =44 P4
% 21 © 5 (Choo and Cho,1984; Lie, 1989; Seung et al, 1990), &A1 A A e] &
A B4 AEETIEY RFAE 9L PR FAeE BAFHAY (Cho,
1991). 28 AT AP Froxe 2 4Fol B4HE Aeon, A¥

B
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SHERER7E AEFF R-6%S AL FRFE s Re =FS Holn
At #54 Fol 37 AYPA vehd @ 7s) AeEFase) 2y AL
2t APE e 55% 28 ‘—}E}UHU%, ol = Fal @i el Auagel we o
T 8 o3 F¥L P ULE Jehar
. B9

TTEH BEAH B 4 B4 | g ARSFIE TRYL 2A A7
R E Folst etk 19939 129E Tk To] AEEZargEc] Ry
Roit 8dol= ded 242 Yeth olad 2839 At gRd aas
Aol 71sh, 8ol Z3 k2o A9 FE4U AR ZJIE HT U}
E oPldhs 283 dAedes uAY £ U Y FFL FESRYY
YLD FUE F2AA ABEFIES AL AT 2oln FHTY 7
&F opAl7lE Fd 8Rlom Atmdch E g FxpFe] g f9le] d Y
To FPe pAS]H ) ASEFIAE 7&/“01] &S A R°]°§, 53 WA
BH7E F2 AFE G- 28 T 129 ARG ZAat =53

9

4 AEEHIEY EFL F249 —431] 129 FAMAIR o} L;%?i TES Hol

TSk 45 A AN 439 JERFI Fad A AAAEA e o
&g ke Ao vegorn, FHTRY Y BXE 23 872804 95
& FdFge v Aom ‘-JrE}B:%E}

Fa FRAGNA A-eH £ 87, FFFL, A ABF A 42E
e, AEEFAEY BXd 9L 2= 73 g9oith 227 3 o3
A F774 FJA Paralia sulcata’} $822.2 JEIGOH A 28 = = 94
TSl =2 F24 ¥E$E Yelig. 4EZZaE) 5‘“1’_“%*4 Chlorophyll
a % %Z} 2AstA Yelgon, 91"0‘: FrEE FAdFer Jeve iy
o 5% Ao = Atz g}

Rbo] 283 FH7] A & o3 B2/l A Hé{%

6dolr 109 Alo] %=a} .-'4"* o af g o o] By Fayz
== Fd AF Adsl AR T $748908 HAEESRIE] B2
R T T 24 8905 vehdoh 19949 69 ToA] 7Q2 e Prs
AelA g3l FRAGoR o= HdoMe JESFIAE BX ATA
Bt whep o], 3l FRs Ao G HASel FRn HEd o8 F=
el E8%e #4d A¥e vagen, 2389 HREs AREgyaE gy
Aol 8% da ARAEAM A4TE dob 28 FAGF spd s 2 4
GG E AX Ho] Z AWRF S0 Z2HY T8 FAYe] HE =
Aejgge] 245 JFE Holn Yok E=F AdAe] $E2TY, FYS

Aders, 2AQNTE AEEZFIE A-FUH BF EHL AR 5037
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o

780 R Yetyitt

¢

AR AR AN

7h AE R EPE

(1 854

of

SBE25 (Seabird electronics Co.)& At&3td =2, A%, 83, 234+
£Ho g ZAIYY. AF71E ARR3Y IS AHASN o F 129 S
GF/F(Whattman Co.) JH2Z AE th ui2 90% olAlE &Aoo Tqto] 2443
Bt SEAIFAY £&E &Ao FF2 HE4L HFEEL R (Sigma Co)E KA
H Tumner model 10 fluorometer= Z7§3lo] Stricland and Parsosns (1972)¢]
g wal §E2FEE uEAT o]2A AdbdE dE4 s o]8-3y
SBE25¢] A% Seatech flucrometer2 Z3 8 dFsxeole] A4 /i@ 4E
T3 (1Y 8-9).

o
Hor

(2) 24 54 (P-I properties)

P-I1 E4-& A7l $3t] B ZAlAM = Babin et al (1994)9] radial
photosynthetron BH-& AE3tA AHAEPE Ao 60ml Falcon culture flask
2 g2z widstal FFAA diffused lightS vlFo] Zalr= Yol Fake]
w7l 214 stgda. FPeRE Osrame HQIY/D 400W #ZE flon o A
Feo] B3A EALE 29 8-104 A 8gE 2 A fASIdgey 4 S8
2=9) Fge QSL 100 scalar quantum meter (Biospherical Co)S H &) &4 s}
At F29 2E L A3 BEF AR AL AN HE 5 udEA
2 F8AH AE AEY AL circulation bathS AME-3tad A9 -3 &
=] 8} .

ANE 70mlE A5sted 1 8 A= multi-dispenserdl ¥ g *C
(bicarbonate, Amersham Inc.)& 718t 2 44L& F 10~12712] F3L=d
60ml & Fd3et.  FAl 271y 27 GA4E A|EE THERCE  ©lE S8
o 50ute] Al8E AFHSIY scintillation vialol @i 5089] ethanolamine™
05mle] ZHF+Z 718l 10mie] Aquasol-22 7o)
vjgko]l HEUHE FHA] 12709 filter funnele]l 2# manifoldE AA  0.45um
nuclepore filter2 o333 ¥ o#A]Z vialdl Po} IN HCl 0.1miE 7}t Fx=
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o) Wi 2 A7k 718 fuming3tth.  Fumingo] Byl 24] Aquasol-2 10ml=
7hto] @ekdel B@3 F AF MM RackBeta I Scintillation Counter &
dpmE F3Frh  Total alkalinityS 543}7] 98kl Parsons et al (1984)
2 B2 wak AE 100mlol 0.0IN HCl 25mlE F7bsted A o) pHE =38}
At RE I EAN “CY ¥EE 005~01 £CU/mlyt HE= s

P-1 d¥elA 2o A= g9 % 7k 2 shbe) B84 mdo) #3s)e)
of MiZides) SRk FANI 91 A9 FFAIY) F4E Poisson HAHOE
3 o] Al thga o] AL} (Cullen, 1990).

P= BP?, (1 — exp[ — o1/ PB])

9714 Be A, 44 P 99 AAFD uAsQe onsin. pi=
Y HdEL G %ﬁﬁé%ol;, Poe X3t B% olitel Mol w9 AT o B4
F, & &8 (assimilation number)olt}. ¢ FAAS) Bakx x o3 DA
WA AR FRAE-FE T F x5 BT olsldale HF wrlo] y)er|=
- Edi=

FAYH el A F% 3 A uAESE AT QE Platt ef ol (1980}
o] wd-g& f\}%a}ﬁlﬂr

= BP?, (1 — exp [ —o%I/ P2] ) expl —B°I/ PF]

Be AW A=g ZAAE mAl W5t Pfe -0 2w PPo) Auigre
2 BodEn. Gauss-Newton ¥l 23 W A8 mao] #3s= slad w7 =
T FET st @9 A 71 1R sAAESeA tee 4 7R s
7b fEET @Al At B B2 L, @ 3,

HI oo r-ﬂ:

¥l
_ a g _\*
P, Pf(a+£)(a+£)
2 Foldn. %3 % HL wshWld: L= (Talling, 1975)
pPB
=Ty
2 FoHEg

(3) 71 Wel & LdAAE (daily water-column primary productivity)

._*2%_
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2715 9] g FAdae] g Aldoae] Agase AEEFIE] YAZFH
G I Ao (Y8 F3], assimilation number) ¢ AFAY. F,
Xz, H = P23z, # B(2)
714 BAAFT T A, Pz v FF, 998, T3 JdEd e FAAL
58 5o BAFAN wat AFEY P-1 ’éﬁ"ﬂ”ﬂ TRt Pz e &%
3 e A U, S AEZFIEL AF HGUIRG FL ARApRAgAE
FaFol 78 d57 H JB8 A AR HFEs AT
PP (2, § = p(Kz 9
A7|A Iz e FFoltt uEdA EVT AA9 siFEde] dapdL
7t SAAA diBl 49 AL HEs A2 AT

Py r = LLB (2) p (I(z, B) dzdt

r+

e A

o

whof B3 @ol $88A BE A= Pz, e
P (z, &) = p (I(2, &) a®(2), Pn(2)

Platt et ol (1990)& E71F uo 427t £3Ho=2 dAg X5 72
AS B7% A 9 gxpgAaEg Aagse Qe siAd B$-E ST
gz BxzAe] Al diRrE2] AFA DCM (Deep Chlorophyll Maximum)
o] EAFER MAHA Wyel 23 dY LA HEL EVHFEIH.
wtabd] 71435 $£4 Im HFd 93 £ FH JEL AHE-StY.

2715 e FEaAAge 4L 98 flourometerdls & E FF profile
A HEAFS PIT Arid 9 FFAH 2dL FHE3A 8E 20¢ FH
99 547+x] ziutel AXH FFAA AFEFL 18 AR S HE PAR
(Photosynthetically Avaiable Radiation)®]l SBHAE F3+H o] A FAF:
2 Abgsiae. ¥ 8-112 FAIZE B¢ #35 PARS dwsio|d.  IH
A B 4 5o PARS ¥uistel Azt A3l Iz B 2] PARS E
M2 FFzre] dAANRAS Hass A I S SN 9o uebA
A7) AE 2AZ|ZE B<to &R " PARS HE#E AA AR HESAT (&F
8-6). 71509 I AIE Adsled HAF 2FA4 KPAR)E a3 &2
o] XA

K(PAR)=Ky+ K+ Kpt+CgKpry

Aq71A Kwe dlge 23 Kee £ #7180 9%, Kee A4 Ed A%
ABAG ol Kewye TUAEEL T ABAFolR, CGe 54 ¢ otk
SBEZ5 CTDel} 2% transmissometer®t PAR sensor?] #2822 K& T
1A 238l Secchi transparancys W4l #9 (F 8-7). K = 1.44/ZspE 7H3
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Table 8-6. Variation of total daily PAR
during the survey period.

| Date Daily PAR (E/m?) |
940829 | 5479
| 940830 4487
| 040831 52.45
| 940001 | 50.94
| 940902 52.61
940903 4272
| 940905 3201 |

B3 Ker=0014m’ mg chl?& MM (Kick, 1983) K2 (K due to
non-chlorophyilous origin) F3}3 =4l o 1vjg] njt}e] KS t}A) A2rste] 3

E 234 (L = Le™ )2 WEAoz Agse 29Y FPY mdaN FF
AL 2431 AAY Fe Taad.

1}, 23
(1) 249 B X

oY 8-12% ®E9) Q22 BFolth AL e duagel ue
~0.3

32 (~ 01 mg/m®) WebdFe Td vls) 22 o =3 (< mg/m°>) NEE
e vmA =g > 03 mg/rns) 53 4G 795 4Fe 2 xo
ol 2] AFHPAAA o= RoF Holnl T4 AL HE FOloA=
AEA X7} 45 me/m°d 23a )

R e (4 EOL, FOL, FO2 %) AFS AT A8 = Ao d=a 2
ALTAN FFHD 8 27 AFe UdgudE DCMo| &Astga. 29
8-1341= DCM2] R7HA AF A FHES Astdt. W A0LS DCMe] Zo)
TEIL AG2T 9 FAVE FHT, B03E Zo] 9kn i3 Fo)m Do4E Wiy
el gk DCMeol A &A%t DOBIME o]F ¢ o] Yelhuy EolaAE

AEoR 24% Uit FoAW. Folde HZe mUEe 9=ist Qu
DCMe EAsh gtk e 2 k29 clghiie AxgPgort 9
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Table 8~7. Secchi transparencies.

St. | Secchi transparency (m)
A0 | 76
A0 | 54
| B3 | 7.0
. B2 | 85
- J03 75
o Jos 8.4
oJor 125
L7 19.0
Lo5 16.0
Lo3 150 |
D10 55 i
D08 65 -
D06 | 10.0
FO1 | 5.0
FO3 | 7.0
G5 185
GO7T 16.0

ol veltbAG (B03) BEokE el vUshrlx 3ot (E0L, E02). Qo
o] o]2F7Z2Z 712 W DCMA%E ©1F T7x7F Yehd7l= sk (D08).

a9 8-140lA 22711zt 21l ¥E PE L Tk FATHE YWt
A-lined B-linedl Ae F4ldl uwal DCME o7t ZoAxle AL Hgod
A= 20~70m Atoldl X8t tl.  D-linesiAlE 15~50m Alolo] &AL

BZo2 A4 EFeTV T7/RIE A BoloH ol A A,
Qapel 1% Ao2 welt, E-lined At 9T oE 245 DOMe) FA7t
FAAA R FAF A4S BE Zo] zAHEF ¥ ez nAr
F-linedl A= FOlol Al FO37HA] 15X HE4 HHFol EFd UAtkrt Fo4el
olzal AZ:o= Yzttt o]l FOldA FO371A] FAZ @5 o8 FH
10m oWl ¢ GEFZo] FASAY Fi4d olz2z FZFETFE 27t 29
Aol olg Ro g2 Bl I- K-, J-, L-linedl = DCM& Ao FAgle] o
2 50~80me} 2R T ZHold AU

DCM2] EAL xgy A7idz dolgwol23 31719lsle] Platt et al
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B2 AN AAEES B8 o mRe shea

4k
>
lo

B(z) = By + (h/(oV2x))exp[ —(z — z,)%/24)

4714 Blz)e F4ld W& gF2 Foln) Bz MABE, zm= DCMe] Zol,
hi(oV2me FE Fololx Fde) FrE oo g ARAG T g-232
Aol thal AR AF Q] dolvt ¥ 8-8olE Ao gRB e DCMe o
T WANSE AU QoA v S oe) dxofzaio] Asimizl
TR FHY FFe JdeliA] ggton RE PP FPS AL oA
7ol = -“F—ﬁ‘ FE e A @k oeu 2t gl W e §
8-99 Z& ¥dol vERth 713 A BAE Boot zm, 0 Alojs] 29 4w
A o)}, ;zﬂ :1%‘ 8-24014 BE wis}l o) DCMe] A7 $749 A2 )
ZEE7} golAE WA velyt

4 i 2 L

@ P-1 54

P-1 Ao 235 FFAH ¥ HFs}stey dolx P-1 Tae) guael
A7t 29 8-25-a, 2 8-25-boln], IY 8-25-adlAl= BAs) &Abo] o
A FF QaMe U RRa 2Y §-25-belAE BAE Fato] Exely
< 4 F Utk HESE P AL 4 AR ¥E § 8100 Loksle] ok
as] B¢ 0013~0052 mgC/mgChl-a/(LlE/m?%/s)/h, PoE:= 1081~6.145
mgC/mgChl a/he] ¥WHAE BYd. 2AHS F=2 JehE LE 3002112 1
m%/se] WAE ngon JAE} YBD AL e 1175~ 574.2 WE/m%/se)
HME 7HRT. BAEE AP 29 HRBEIF 4001000 uE/mYs o
= FS 23¥ o 1000~1500 HE/m”/s FES FAFCHE O &3 32" Ho
2 »eolg}
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Table 8-8. Parametrization of vertical chlorophyll profiles.

~ St. | Bo o . A  Zm
oAl 056 | 34.60 7.13 | 2044 |
- A0Z | 052 | 30.38 9.37 | 29.09 |
A3 | 049 | 20.19 832 | 42,02
A0S | 043 39.13 8.80 | 54.13
. A0B 0.43 21.84 . 865 51.17 |
AT 0.39 | 2562 | 1032 | 5384 |
- A08 0.30 26.47 1751 | 49.70
AGO | 0.33 92,14 14.02 | 5821 |
A0 | 032 | 28.32 1394 ‘ 55.88
BOL | 0.70 | 38.75 453 | 39.90
B02 0.60 54.64 521 26.74
. BO3 | 0.44 41.48 | 766 | 46.53
. B4 0.44 36.98 801 | 4248
~ BOS . 041 33.92 10.03 | 52.14
. B6 0.29 . 26.74 1560 | 7119
BO7 035 , 21.52 1041 74,60
BOS 032 25.66 1154 - 60.55
BO9 | 030 42.12 15.17 | 66.91
BIO 0.30 | 3393 12.49 | 66.32
D02 050 48.25 6.23 | 23.39
D03 057 | 5253 566 | 31.11
D04 036 | 42.65 415 19.94
D05 020 60.43 14.11 25.00
D06 0.31 63.25 7.19 34.95
D07 0.22 | 4168 10.33 | 30.87
. Do8 0.17 4835 | 12.89 31.29
. D09 0.30 | 39.71 6.31 30.74
| UD10 030 42.03 6.57 21.83
E02 142 19.82 | 2.78 23.08
E03 1.08 3291 | 2.94 2493 |
E04 0.79 7274 | 5.54 2969 |
E05 1.00 51.83 3.54 23.83
E06 0.72 59.74 517 24.09
E07 0.48 85.51 7.68 2481
E08 0.90 104.80 | 14.30 25.90
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Table 8~8. Continued.

St Bo I h Zm !
ROl 131 406 | 225 094
 FO2 132 12.60 | 3.77 2.70
F03 1.80 - 20.92 | 485 435
F04 2.82 | 30.62 . 322 1654
F05 1.59 1816 278 1 1823
FO6 0.95 23.81 | 829 | 16.39
FO7 093 001 | 517 9257
FO8 0.63 4203 | 7.50 18.80
- GOl 059 | 35.53 | 772 23.36 |
. GO3 0.43 | 4052 | 18.50 3871 |
| Go4 0.39 4872 1711 3615
. GO5 0.44 ! 26.85 | 1648 4609
L Go6 0.36 | 33.66 20.26 50.34
- GO7 0.38 22.96 942 5284
HO1 0.48 | 4330 5.55 52.04
HO1-X 059 34.02 - 469 = 5043
HO2 0.46 35.32 6.77 56.66
HO3 0.38 - 45.32 1016 = 7353
101 0.41 51.60 - 1446~ 5891 |
. (07 0.47 | 40.72 | 844, 6317
103 044 35.04 | 1324 1 6810
104 039 | 34.90 10721 6285
105 0.27 | 4364 1529 - 7159
106 026 | 42.94 1678 7336
107 029 3975 1464 - 6271
Jol 0.75 34.80 383 49.30
J02 051 3252 5.03 6194
Jo3 039,  9277.44 2880 . 14275
Jjo4 047 3113 | 937 . 64.24
K01 0.35 | 39.45 . 1009 | 6991
K02 0.42 23.34 | 665 7508
KO3 0.38 . 35.51 955 7187 |
K04 043 | 13.28 672 6463 |
K05 0.36 . 16.93 - 860 I 6501
101 051 | 28.35 15.59 | 56.21 |
L02 0.49 | 29.26 | 923 . 6168
L03 0.46 . 36.60 1179 6888
. Lo7 037 4491 853 : 5839
_296_
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Table 8-9. Correlation coefficients among the DCM parameters.

.. B H S yA

. B 1.000
A-Line " H 0.295 1.000
: Number of observations: 9 | S -0.889 -0.254 1.000

7 . -0845 -0.269 0516 _ 1.000

B 1.000 |
B-Line -~ H 0.5%% 1.000
. Number of observations: 10 § = -0914 -0.507 1.000 .
| - Z . 0850 -0.784 0.861 1.000
B 1.000 }
' D-Line H 0.014 1.000 |
Number of observations: 9 ; S -0.724 0.348 1.000 |
| Z 0146 0351 0.246 1.000 |
| B 1.000 |
'E-Line H -0740 1.000
 Number of observations: 7 = S ' -0416 0.894 1.000 |
B Z 0371 0.473 0284  1.000 .
| "B . 1.000 |
F-Line H | -0065 1.000
' Number of observations: 8 = S -0.584 0.621 1.000 ;
- Z | -0.149 0.659 0.427 1.000 |
B 1.000 !
' G-Line H 0.042 1.000
'Number of observations: 6 S -0611 0.420 1.000 |
| Z  -0.843 -0.563 0.347 1.000
B 1.000 :
' I-Line CH | -0.193 1.000
| Number of observations: 7 = S = —0.796 0.404 1.000 |
- Z | -0569 -0.188 0.503 1.000
| B = 1000 3
'K-Line H  -0600 1.000
‘Number of observations: 5 = 8§ -0.902 0.796 1.000 i
] Z 0.067 0.564 0.029 1.000 |
—297—
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Table 8-10. Primary photosynthesis parameters and derived parameters. Also
included is chlorophyll a concentration (mg m™>).

St. |Z )| «f | 16°8TT| P57 PP | B BT | Chica, |
A0Z 0100130 28 27| 1498 1157 | 23| 05008
BO1 | 000178 | 27793 1150 | 2623 | 1475 4010 | 04121
' BOL 30 00166 | 1452 | 50 1370 826 2300 1.1404
BOZ | 0] 00291 | 58679 ' 3452 | 6145| 2112 5742 | 02952
| BO3 0 00150 32522 | 1146 1905 1267 3445 | 02635 |
BO3" | 20| 00165 | --—— | -—— | 2004 | 1269 5344 | 03230 |
DOZ | 000264 1500 50 1769 670/ 1899 | 0.5942 :
D04™ 0100301 | ~--- | -—=- . 1750 | 584 ——— | 06900
DO8" 0| 00455 | --—= | ——- | 5444 1195| --— | 03738 |
CEOLT 20| 00424 | --~- | —-—— . 4956 | 1170 --—— | 07092 |
(FOLI© . 000198 ---- | -—— | 1761| 886 | ---- ! 45522 |
. F05° 000410 | -——- | -—== ° 2918 | 711 -—-- | 14471
| FO5° 40 00422 | -———  ———= | 4221 1001 -——- | 0.4408
(F08™ | 000283 - | ——- | 3146 | 1112| --—- | 05175
(FO8™ | 10 00470 | ---- | ---- | 3608| 771] -—-- | 07284
CGOST | 0700259 | - | -~— | 3692 | 1424 | - | 04063
GO5™ 20| 00278 | -—-- . - | 2674 963| ---—- | 03977
| GO5™ | 50| 00520 | ———— | -——= 1905 | 366 | -—— | 07092
GOTT | 0] 00265 -——- | ---- | 2898 | 1094 --—— | oz2118
GO7T |20 00383 | ~—— | -—=— | 2754 | 720 | -—— | 02300
- GO7 40| 00361 |  120° 13| 1081 ! 300 1193 | 03115
Jo1 000249 287 | 22 1487 | 597 1962 | 0.4414
Jor . 50 00400 ' 649 24| 1492 | 373 | 1175 ! 21843 :
303" 000295 | ---- | —-=- | 5883 | 1992 | --— | 02492
Jog® 0100187 | —==- | -=—= [ 1680 | 1228 | ---- | 01342

Photoinhibition not observed with given light intensity range
Units mg C (mg Chl a )* h!

7 Units mg C (mg Chl a )' (4E m % H'p?
Units #E m%s™
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(3) 2715 W @ Q344 (daily water-column primary productivity)

28 82604 8-3371Re] LR Bl dhs) T I oA FEL
o) 2ARTE Yyt = 8-1ldlE o= AH9 E/15 AA dig LA
A2iz} olo] g DCMO] 71d=E AUd. FA BRe E71sdHd {54 ¥
7} =5 BB} Eol AldtdEo) HlmAH Ed EYF AAL] dAAALHA
g3 DCMS 7l e 203%olth. DR2E H$E4 TEv ¥ny xou F3x
7} ol AL BO2Y) Ak Aol X DCME 7lARk 258%% &
PHo 2 vl AW D= EFEE =3 DCMY F410] el DCM] 7=
7b Mo =i (662%) I A W A ¥& G4 T HE ¥ Y4
o 7AAT AR DS TR G2 BE7F Bol Byl MY A

worl DCMel $4lo] ¢ 544 7% 341%e] 2%t 43 Fol& 9M
o2 0*1}% thaol] o Ae AR FZo] FAHY FHEHSFC] 6-Tmel £
B3 o7le HREe G247 e R ALl o] XS MelA

ol FA Pl f-‘ﬁs}ﬂ o gl dwank AR Foce FAF Mo
oz PPy o ®2el A AA /P 2 ML (7264 mgC/mY/day)
weoltd. A Fo’L &L DCMBEE DCM9 7197t 365%¢ @t B3
joge EFEE o DCM o7t 70mel ol22 Zldx=rt wewn (7.6%)
1 As AAEe 7 Yol 697 meC/m’/dayol B3 ol AF F059
1/10¢] £33 Aol

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

| . Water column PP.. Water column | Knp ~ DCM contribution |

St | (mg C/m2/day) | Chl-a. i (m-1) to the water Zm
~ (mg/m?2) '; _column PP. (9%6) |
gsoz 4349 ; 58.6 01650 | 293 27
D02 | 222.5 | 515 02194 258 23
| D04 532.7 45 01352 66.2 20
D08 | 180.2 ; 33.4 02194 34.1 31
FO1 565.2 | 46.2 - 0.2243 na  na
 FO5 726.4 853 | 01919 26.7 18
FO8 4397 . 453 01919 365 18
| J08 | 697 336 01135 76 70
__.299_
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. B9

o

CZCSel o3 u@d FTFTs2 ALy F4 = dAS AL ar)q =
A FAZ BMge] Fgd Aotk (2@ 8-34). R a}—?cﬂ]H L}
FE BEEHOE WA AFHAYP 7R olze Aoz RAL: o] e 1980
84 (o9 8-34a)7 1981 8¥ (¥ 8-34b)%E = x]glon 1982%01]E X
HI Aok CZCS @436 vebhd mExe] ALy Axsgd AL e
AZlel HAzAME AzgA YFHD (79 8-35). ZE FHeo]l B Al A
E #5EHAY (38 8-12). ZFL F-line € whal FO7-E08o.2 a4 A)|=a)3
FoR Ma glen] AL ZT/8lu dve FAZ 559 AL Raleke wald
W (E 8-36) FAFTTE AT A A EYIE ATl mix o)E
< W E Aoz dFd. ot 4 WE4A ol A2 3 o= Yy o
b Aito] AAEE Fi FRGE ot zA o)),

LEANM A FE o] ofF Fore) Moy Axjgazmie) WMol 1231
(F2A12 3A)~4874 mgC/mY/day (2= 2 OS2 B 2A}e] 697~7%4
mgC/m?/day MTh 2t W99 zh2 74X (HEF, 1986). o] =A} Wi ) x}ol
N Z1ABAATE ARG 2} WY o] Afolx Qe How BTG :

A AAEANG ] BRdE FAle ABW oF 20%e] AT ulaka
20~70meY #AA/3h= DCME ztsts]7] 4ob. DCMe] o] (> 50m) YA5+E L
J, K, L-line & DCM<] A4t e) va wlalr] 8718 Axpgszio] nfe o),
2y A DO4ellA DCMe] B71% AR g 7] er} 66.2%¢] ol
A Bl 5327 mgC/mY/dayd-e 12 w DCMe) Hlma ke B, G
= Aage] o OilE FEE TheAdel Uk uwEtA g 24
BELY FHELE AY3] A% E Qo) 238 Zole B I ok
Eule} ol Oﬂ—f"-—)q TAHAZEE 2 FH, £4 S slo] tFsly] wRoln
18 f8 2 d7dA ¥ 53 FFAS/S 25 R vi2Fsig. oy
8-372 RABE % FAZI 98 422 3 % F 229 Am go
wg Reltr, DCM¥# I ARE 2 43 DCMe ofel= © A7 9ot
°l= BH2-ast phaeopigment?] ¥lgo] ZA Wm=r) wge Aol WA
DCM®] s dapaidbel] A9 71dalA] gomw oladh Qi Axbgat
FAd A B AV G4 g gy " 8-379) A7 FOl2l B Fo)A]
T °F 142 A& BHrbEa ok 8333 Al vgo] duay W] g
HAAL Tl el 2 2HRATE AL A GelA Ak (Cullen, 1982). whabA]
S FET Lol FAY BT} dohlE A BHL Aw NHE
HAFHoz ¥ oyl Aok

offl ZARIA] P-1 B4 o Aoz =gig Aye Velha g

e

0 rE g

;

o

_3(1)'_
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ANAAo 7 q2A AFPo| olFojAA] &gk FFe] PR T EA AN
t}, 53] DCM9 842 A4 0 DCMe] P-1 548 S4%ls AL 8
stk X2 Z2A S 4 7] dEeldh. FES viAEE Le A oe
AasteE Ao Z eyt (1Y 8-38). DCME AAZIZH] tish A 4 71A
o} 7}de] glen] (Cullen, 1982), DCMe] #e) ¥ EA4L EF3E 93td i
288 GAME AZTF F AoBFE DCMo| dd EBEA RAl: oZ71A] @A
Fasitn &4 Aot

Al43-8 479 AEFH Hol HFE.

o AR R P

(1) BEEFIEY T BEF

SE2ZFHEL Bongo net (250 &+ 300m)E AFHE-3ted 41712 AAFAA A
AP FBE T (F 8-12). HES AF dFdd = FFA (General Oceanics, Inc.)
5 HAAElY oatd #egs ZARET A AlsEe Z4AN EHIAE 2
712 hro] die A FBEA o AEF AL 93 150m A= o
sale] YERa diged, UnAe AFELS 3 34 x=2dldoes uAd
o FHFFXIF 5% ol HA AR 2FE AEE AFHAAM 33 Fol 10070
A ol HEE RV E BN 7 EEFEDZ ASLT T 298D (md) A
Ar2 FAEA. :

AEFe 7t BRREY AAS5S o5 B B2FL Fito Asan &
2%E 337 93 4 45 H A5 dRE 3o HREvA st &
FEEE Badle] At A2 has] AlAHS F 60TAHA 2443 <t
AZAZ Fe TAE 5437 A7A A7) (desiccator)o] RA3IHTH A=
2 A]E%¥ microbalance (Sartorius Co)2 FAIS 243 o8 HUAEAA
(CHNS-O, Carlo Erba Ins.)Z 28732 334

(2) Hel HHE

87472 HolAHEL XA A e FIFFed R =Y AAER
2y EA3Act AW FFE=E A 98 d5E ARE ol ¥E 2
el dR dnlg 3t BHwEE EEete AF3ReE AFsd A4
= 2237 98 AFES Zsld Wk 10-2000AS skl Tnes] 90% obA]
Eol = FdH (glass viaDo 2 713 WAALHNRZ 2403 B AR
Simard et al.(1985)3 Morales et al.(190)& 4712 Z2& A|l853 2R 42
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ANEF Atolel Atol7b Q-8 wABYTt F2Ee e7MEs RYAFy) 95
o GF/C Qq#HAR AHA7l th2 ARE L A 8 (acidification) Ax}t Fo] Q=
A BFEH (Sigma Co)2E BAE Tumer model 10 fluorometerS A}g-5ho]
v43lan. 8479 A e 9=49 phacopigment FR= Boyd et
al.(1980)o] AAIg T4z A,

Chlorophyll nglind.) = _M;_fa)_”

k[ (Rfa) _fﬂ] v
n

Phaeopigment( ng/ind.) =

HAZIM k= 7171 B, RE acidification ratio, vi AZAALAES EZ3)7)
A3l AHERE 90% oMES] volume(mt), /9 e AMxE] A Fo) 91 Frolo,
ne A0 AFEE 8779 Aol AEEZFIES AMiAd DI gm
Aol 2d3bA PE A RIAES WRES phacophorbide FEjZ =3
(Patterson and Parsons, 1963; Shuman and.Lorenzen, 1975; Jeffrey, 1974), &3t
Falkowski (pers. comm; cited in Dagg and Wyman, 1983) 22] EAo]A] g
7172 Aol ' ®E phaeopigment’t phaeophorbideE 8] 2 =82 ¥ 13}
2.  Phaeophorbide®] #x13e PE29 AL 663%clmz QB E9)
phaeopigment¥ %5 AE4 S7I2 FBAF7] 814 1519 QAAE ALL31Y
o 8459 Al AAA FFe HE49) 999 o] BAH phacopigment ]
oz Vet (ng chl/copepod).

A FFELD AALEE 337 938 ARES AFE F ul= o8 Z=u R
ARsiFR HHA7] I, HoliAEH FEEL Budr] A% 200m A TE2
& 2E ok TEY FA 2ol e UnA RS AlAs] 8 AP
AHEJAS. ARE R85 Z A4 e 20 8712 27 I8 Az Ao
e A FFEDY FAE FARIEY. RARE 0REQL 209 SudgA
W Feth o, 5~158 ez AAstd PYF RaASAY, A5 99 Ay
FFex EAT 22 Bgos Agste] AN e d3% e 7jAS =
At wF AU AiA TR A H4Hozm gagdn sREW
(Kigrboe et al, 1982; Dagg and Wyman, 1983), |l 33 E2 A Age e
M e FAoZ AAE 4 gl

Gi=Gye ™

A7 Geo G/ vl Al&rm A7F toll A 2R Ay Ao % r2 A
Hol A A& (gut evacuation rate)(t) o]n = AFHE)o]T}.
8245 Ao o3t AL sAe g5 Foz Jewon g7t s e
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Table 8-12. Zooplankton sampling stations.

Stations Date Time Sampling depth (M)
A0l 1994-8-29 22:55 45
AD4 1994-8-29 03:15 75
AQ7 1994-8-29 06:30 100
Al0 1994-8-29 10:00 100
BO1 1994-8-30 17:10 70
BO2 1994-8-30 14:40 80
B03 1994-8-30 12:00 _ 100
. B® 1994-8-30 07:50 ! 100
‘ B07 . 1994-8-30 04:25 100
B i 1994-8-30 01:00 200
. BIO | 1994-8-29 21:50 200
D02 ©1994-9-05 21:18 80
D04 1994-9-05 17:50 0
D06 1994-9-05 14:20 100
D08 1994-9-05 11:21 0
D10 . 1994-9-05 08:16 : 100 |
EO1 L 1994-9-06 11:00 r 40 i
E04 | 1994-9-06 07:10 z 60
E06 i 1994-9-06 04:35 80
E07 1994-9-06 01:54 : &5
E08 1994-9-05 23:30 ? 85
FO1 1994-9-06 16:40 40
] F04 1994-9-06 21:00 15
i FOS 1994-9-06 23:50 50
FO7 1994-9-07 02:25 60
FO8 1994-9-G7 0450 70
GO5 1994-9-07 12:00 100
GO7 1994-9-07 15:55 150
GO8 1994-9-07 17:00 150
G10 1994-9-47 20:30 120
Jo5 1994-9-01 11:20 150
Jo7 . 1994-9-01 15:30 300 L
Jos 1994-9-01 19:00 250
J09 1994-9-01 22:05 250
102 . 1994-9-02 23:30 90
Lo4 . 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
L1l | 1994-9-02 07:35 200
L12  1994-9-02 04:15 200
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ol g F e ol Zo] A FFERAL Fx AASZRE ANINYEL.
I=r*G

4714 I+ ol 43#<E (ng chl/ind/h), r& AALMY oln, GE A

Ao Fholth AEEFIE JEPD U3 80Fe] 9 XA Y3k

71 f31A Mol AHAE 249} ZF AR A 2T SR E MAEE

At 2AE ¥AREY hEiA] ol=dt AARE viEElY] 7 AFHY /74 F

o ¥4E (mg chl/mYday)& Axksigh

m[o £

m[rﬂ o2
"o o
HJ ok ot

. A
1) 82579 d&F

%?‘_ %%%%EE T 8757t F8 £F EFTold, o9dr REE &
o, B84 dF 7o 1AF, 8¥eE, QAFE, AF52 /R0
154_ }ﬁit’r SR A w2t Alelw AA T FAZ217F oF 2mn o4 2]
N _7ZHF (large group) 2R Calanus, Eucalanus, Euchaeta, Undinula 1E-©)
F2 Z2d3ged, 1.4~20m Aloldl £33 8725 (medium group)EE F2
& Q2v{Fe] vAdEH o, Temora Centropages, Calanopia, Scolecithrix 5
ol ettt Z2lx FAIZZI7E oF 1.4m o138l &8 82+%F (small group)RE
Acartia, Paracalanus, Coryoaaeus, Qithona 7} FR2 $33Foln, o)fdx
Clausocalanus, Canthocalanus, Acrocalanus, Calocalanus 5©] A5 &334},
8759 AEFe H 182 MA/m’ (W LIDAA 325 MA/m’° (34
E0H) 2 ZAFER Abole] & ZlolE Rold, £ EX 9 H|3tA UG X
9] Fap-s W AR NEXFGAA o] FHUF vt J R F9TE o
F4lol A AoAE WWEAIACR 42 Pt ATRES RYgo (aw
8-39).

2) 8759 AEH

HBAEN7IE o183l A 82454 g4 FRE8S g3 8715 q &381=
Zo] A= %‘—%9—1 ok 32~54%, 27+H7]e) KZAES} 95~ 514, A8 Q7Fs7t 13
~42% ol A8 87+ F £9 Acurtia £ 6~0%E 7HF B ZALA G 7R
ol A L’rE}‘;kE} (® 8-13), &Fo =z Jved 977 dEgzte HEZaka)
FARSE R3S Ko, 150 (B4 L1D~3898 mg C/m® (33 E07) 2] W=
Bt (28 8-40).
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3 8715 Heol HAL

a7tz e WolAAL & D, F, L-linedl A ZAHEND. 8457 7AA] AW 2%
A 5= 18 8-41, 8-42, 8-43% ¥ D- “lined] A% (2@ 8-41) HE 8
7180 &3t £59 AW FFEZF FEE 023~351 ng chl/ind. o9, T4
71¢) @718 044~154 ng chifind, A% 87FF< 014~0.78 ng chl./ind. 3
92 BYgrh F-line (¥ 8-42)el A WY 8727+ 066~10.13, Z7ta71e 8

2= (33~984, A8 @7vF+= 009~067 ng chl/ind. 2 4238 87455 A<
3 Umx 152 D-lineRtt L & REATh EF AAGH AL G
Ax% L-line (2@ 8-439 A% AW F2EFA v ¥ 84/7F 055~
493, 33719 &7v=7F 038~2.82, 28 A8 zZ+571 019~073 ng
chl/ind, o @to 2 Zzt3 8 82459 A$= U D-line Bo= G =2

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

Stations [ Species Carbon content ‘
D-line | Calanus - 3360~4642 |
Calanus copepodite . 3409~5444
. Large group | 32.34~51.16 :
i Medium group I 30.42~41.38 '|
: Acartia 6.18~15.71
Small group 18.56~37.24 i|
. P-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 24863811
. Acartia 9.33~29.27
Small group 32.47~35.18 {
L-line Eucalanus 34.30~47.36
Euchaeta 37.82~4518 |
. Undinula 36.46~—47.98 1
Large group 38.37-44.82 :
Eucalanus copepodite 25.73~39.45
i Euchaeta copepodite 31.17~38.56
Medium group 28.69~—43.17
Oncaea 16.15~-40.05 |
Small group 13.21~-42.04 |
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WA F-line 30+ @2 g8 2 3 L-lined o2 A9 ga A
ko] Aolk wiwA AHA et ol9dzte]l 2 4R AU FFBEH T = 5
29 BRI 245 22 ¢L Nole d o AYS I D Mgk
Ae FHRZAME veldon (A 3 &, 1995:8H]%), T3 Morales et al,
(1990)2 BFH BIAAES olfsla] ¥4z Fs)) ul2 PP Ao =jls
3AZHez AASE) ol EAR] Astn I} BA=r)e) wlaEsidw
F217F & TAALFE B 49 YolE Ao /T 4 g7 wFo|u.

AdeA AAE 8AR/FE A2 FAste AR g e Ay P
Ao AANES BASAT 32 E T Algle) U8 x$How Fage
AW (29 8-44). AAELS g 70 wjgAzte] Age) 9s oAm7F o
Hu= At (Kigrboe and Tiselius, 1987; Peterson et al, 1990a). B ZAlgAl=
6022 HdEAE2RE AALES ANSET AALL ¥ 2257 0017/
T, 14~20m 8] &7 F7}F 0.020/8, 23 224857 0.021/% & 379 Ao
Hl =%k 3hs By

2779 AW FFEH T AALEZRE AXNF 2} linee] Mol HHE
< X 8-14, 8-15, 8-169] AT, A9 AU »lo] MHELE D-lined)A
4.07~858, F-linediX 2.77~283.24, L-lineol Al 5.70~120.76 ng chl./ind/d 2] Zt
o Z3 zAX Y utat 2 zjels: ugL}

AN HEZ2EFIES] FA4 U =24 8 (carbonichlorophyll ratio)& ek
25 ol 112 9 BHE 2ty B} W (Jorgensen et al, 1991) HIE %
T @A) PEE v T2 ABZYIE "331"‘&5117]- of-¢- ohek
SAA R hEHo R o] W9 Fgk AEQ 0L L3S T LR
A4 gAY o Fwst A2EYIEL] FAoIHE dolAE J} (daily
ration)E ALFSATH F-line?l 34 AR Aoli= AAT BFgkoz et
CGalanus= 22% body wt/day, Calanus vl %A £ 24%2 QA< vl e
YA, 2032019 84 F 2L 14%, Acartia 28%, Paracalanus 19%, A3
BAFAEL 2% FE RAW L-line AME Fucganus 7 37 13%,
Undinula 6%, Euchageta 4% ©|31 Fuacdanus$®t Undinula®l vARA<R)7F 139%,
Euchgeta VIS AZ} 11%, Paracalanusst 238 82}5-380] 27%9F 23% body
wt/day He. ol BHE H g 2 0% body wt/day (Paracalanus
parvus, Checkley, 1980)90X 40% /day (Calanus pacificus: Frost, 1972)2] #9)
S e Ao BusY Qv dA AN e Huigkel oF 1/2 A 1/4e
ANFH= H AL olriE AKX Ao e 2Z4FIL dEAWAE ] UYUS

AlAFSlR= Aol

_8_1}-.1— Tl 48 I9
Ao A3 £ g2 B
NFAEZ O 2 242 Yropx|=

8-45%} o] D- ¢} L-lineolA] A8 gz7t=27)
o]u] L-linesiA] F4]-82 F4lo] HAF ZHolA=
A2 RAT F-linedlX 8245323 248
_.,306_
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Table 8-14. Daily ingestion rates (ng chl./ind./d) of major copepod species

at D-line.
o Stations| 54 6 ¢ 8 . 10
. Species |
I Calanus 29,60 43.34 4768 4162 562
* Euchaeta 683 | 3946 2446 | 1324 8.56 |
- Undinula . 6044 8.8 | 2386
. Mediumn group 18.18 1739 | 4448 27.96 12.8
. Acartia 714 472 1 407 4.36 6.54 °
| Paracalanus | 5.1 5.89 | 1491 6.7 5.54 |
i Small group | 2369 13.66 6.81 |

>Small group - Aartia®}t Paracalanus A<

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

. Stations | 1 4 5 7 ! 3

. Species ' :

Calanus 24798 | 21187 | 14531 ; 1775
Large group 4418 5124 @ 8198 1606 | 2745

! Copepodite | ! : '

| Calanus | 17968 | 28324 | 6293 | 1714
Eucalanus 1645 93.37 i 1456 , 936
Euchaeta | 774 | 4234 | 4139 1146
Medium group | 2888 36.66 45,07 2391 | 9.9 ;

. Acartia 652 | 849 | 1588 | 782 | 277 |
Paracalanus . 634 887 @ 1159 446 | 445 |
Small group 1295 | 1953 | 649 | 584 | 2027

*[arge group : Calanusl A
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Table 8-16. Daily ingestion rates (ng chl./ind./d) of major copepod species
at L-line.

Staﬁons

L . s s T
‘ : I i i . !
= L | . | | | |
- Eucalanus 9607 | 2514 1878 | 1338 | 12076 2939 @ 4551 |
| Euchaeta 2551 | 3630 1458 | 1945 | 1568 2030 | 67.35
Undinula 6623 | 4625 | 2200 5595 | 7983 |2731 . 5200
Copepodite | | | | |
Eucalanus 1796 | 1502 | 1897 1274 2876 @ 988 | 30.86
Euchaeta 21.29 | 2207 | 1055 11097 = 1591 (3421 | 3183 |
Undinula 3520 | 3441 | 1536 4495 | 8127 1607 | 3058
' Paracalarus | 1310 12224 | 721 ¢ 570 | 803 | 667 | 1211
Small group 1034 | 1333 738 1149 | 1214 11334 | 21.39
S | l
& AvHon I dreA BoA4E Zadtw lor dPagie] ¥4
& g SUksa o

W

) AEZFAEY it 8479 4 EAY

ZAA17rEe 222 dEF g 27179 £44L2 D-linedlA 1~3%,
F-lineol A 2-—4%, 28131 L-lineoll A <1%~5% 2 FAIRH7te] w3 RS
BRad tiF 10m Bok T AEEFIAENC] HolaA fE&ed 7M1 A =
Alqte AF L04 (68%)E AARS w D-, F-, L-linedl A A4z 2~21%, 3~
10%, 3~11% 2 Z7tet9en, AP0 did zpolE Bt

A A HAA el AAHE o337 e Hol & HolAtse 7z Jd¢
Zd A o9 GUEAZ YAV} old HE2 AGHE 7HE Hestejol &
o "AZFERL Ay A AedH a2 F FEEHY EE&E A4HES
(consumption efficiency)< §F &8 dlA ALrE AR F US S804 EHH
Bnyuo win Azl wal Ho|@H-E (food-chain efficiency)elgtn F-271%
ol A EES F FHoA 2 B FHE Erlvl ol&3t Zlel gk &5
ot} oA H UwtF o A JE AEZIHAEN g FEZTFAEL] 4y
TE2 ek 40~50% olth dA AR ¢ go] FgAs9 A3 AAE R
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22 olgse] AHESS FAIMI HME ¢4 HEEFTAEN  c(Fa)chl
(Q=A) H]-S Golo} dhe o o] vlge ABHZFAEY AHA %

Q4o wa WFol Ase FEZsA olFZAA Bud FHol gl
al grekek 47k EE Add4 old shiel 53 @g EE A
71 oyt HZIME ByE EYARE EdE AEEFAEY
sl A 1128 e Hgstgdh oA ANY aWAEESE B 8-17% 24
F-line?] 7<% #89 cichl Pl&elA vlmA ¥l AvEEE 2 cchl ¥
go] 259 10% o)3t ol®l, 70UwW 10~20%, 11280 18~30%°] HHAE RBA
. 9 D-line®] A& DOMolA Au¥EELS EE AR 10%E 99X k3=
e e 7k mgrh ol oE A vEl a4F T ¥AEe] T b3
3, a7bRe) HolzA WR AV gt A Aviel BHAY #7180 dA A
Ao 71938 Qo2 AlgHth ole]l wal D029k DBl E& &M EEE Kol
= g olrlx AZZHAES AEF) HlE fFFFol Fob Yol W& W
M 97tE 7349 ol x4gol ta k7| Wi Ao Ygdrh

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

: . Efficiency Efficiency . Efficiency
st (f cichl=25) | (f cicht=70) (i cichl=112)
Doz | 1262 3533 56862
D04 189 | 528 - 845
| D08 1419 - 3972 | 6355
| FOL 4.07 1139 1822
| F05 500 1399 . 2238

FO8 . 669 | 1874 2998

. E &

a7tge TALE 2357 4% 8F SHELS B2 ZMAE ) of A AL
axlo] Aol AEZFIAELRTH ZREZaEs 29 A MNEHFUZ
oladlE o B2 ARE AF3Yth (Dagg and Wyman, 1983; Nicolajsen et
al., 1983, Baars and Fransz, 1984; Peterson et al., 1990b; Morales et al., 1991).
Peterson et al, (19902) & AT B 71A9] nimaddL T3 ©] T o] & %
2878 e AZsE b 2 938 AAE F3d 2Hl R L& AA A
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et dRGAE o] Mol OB Z Wy uiwd Wy Ass A Al &=
Ao 2 BT} (Baars and Franz, 1984; Kigrboe et al., 1982, 1985). 7tk &
FEAPHeR FAT X489 g8 729 WSz 2AE Ans Alole] 2]
A BAYL AANEDE (Tsuda and Nemoto, 1987; Wang and Conover,
1986) AW FHEPPL TSR E] #F TAL ZH $83 Wy A
ojt},

FALZIZEERE 22479 Dol AHHEL B e zAIKYo wal a2 o)
Hole vl 82M79 ZAZL $eol) Bre e ARHgsg ol R
e Buk ol ool zAAE9 okd) dsjax ZIdG (Frost, 1972;
Corner et al., 1976; McQueen, 1970). F-line®} %% Ad 82 As1s 1rx) A
HEL 08 ZAAGRY 52 2o] HHEL RHol: g g ZAIR G H T 4
SEFEIL £ B ollg AREZYPIES Hy|E te Ad3 g 11m
o)l MEEC F2 e Aoz eyt (2l 8-46). 22t HHe
YIS F2 LT Llined] A9 1l oi5te] A7l 80% o) de Hesm 9
orf o] Age] 877 FEZo] 2 AAde Hls) RT el AHLE vy =
BTk dntdoz 9Ztgel TNy 248 E § = =79 Holg MF
e Aox 4A o, AR ZAAES] BaE Hu gE- 5~10m R
9 B & Holg HESE Ac=e e (Hamris, 1982 Berggreen et dl,
1888; Tiselius, 1988 Dam and Peterson, 1991).

= ZAIME FR2Y9 F5, 27479 E2F @ Yo] WSS Al_ay
SZ4FTH Ho] WAL HEEFIE o3 TAY 2L A2 T Al
FFEAHoE 2AE EAYL AulHo g e we zza BaEAC
Nicolajsen et al., (1983)2 @resunddlM 7] 24 7)1zHE< ABRZgaE o
TF 1% A= 2as U9 TALLE Busgon Tiselius (1988)=
Skagerrak ¢} Kattegatol Al S EE5< AR ZFaE s=To] )3t 499] X2}
£ B Y31, Peterson et al, (1990b)-e Benguela upwelling X QoA 1~5%2]
XS £33 01, Morales et al, (1990) 2 tlAoko)A] 1% o] g}e] F2qt
< Mal3vh. &2 Bautista and Harris (1992)% o5& o) 4] HNEEFIES]
EA S JIFE 5-8%2 2721% TAGL EAHGD. o tete] A
£ Shin and Yoo (1995; in prep.)7t 2o 2 & o)A 199233 19931 490
HESFIE =P NP BT 5% P 228 A XAk @A)
EEFAAM ZAMD AR} (<1%~5%)52 Yo HuE Wl W =]t
B, Feola ZAME EAGHE G o3k Bl AnAo = o] X Ao A]A)3pA A
HEEFAEEL Hol2 A 207 dIFoz BREE e Qe Am
EPIE AEY) T IFL WA G A2 vuhth e au g
Aol 84F ¥R TARFO] 11w BT ¢ = AEZYIEL Y=g e
o] AL 5 JLL By}

=
=

©
=
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A TN FAld &R A% A wWdE FMA Roman et dl,
(1986)-¢ 4=3]9] HJ&RoA dY AEEFFIAE Aol 50~100%7} SE2E% 2
o) QA AALY 4 Y FANT ARG ojF Xao] AAANFE A
A2 & Yee At 22 Arinardi et al, (1990)0] 254 A=
100 9] cichl ¥-&2 ALda AAg TAPLEe 3~30% Aloje] HAS HIYTH
AR QAAA AEZZAE Airgd i 2 AR a¥lEES 10~20%
(Longhurst and Pauly, 1987019, diiAd-& A AHoMEe 15~50% <
wole zt= Aoz AR Avk (Walsh, 1983; Baars and Fransz, 1984). wFef
o] A< 2] cichl Hl-&o] HAF 70 oigejztd D- & F-linesl A &vj&a82 &
A 5~40% elA Aol 9~60% Atole] B E e

A58 4 &

o vg FadRe 2ATFOA 219 BEINE AUEs FEALSY
2202 Ry BEx3e 2Asts dinhdFol od ddf % opEiid A
A Ase e £ AEEFIAEC] YT o= b}E}‘;kD}, olzi gt 3l <k
7] daAe AEEZZIEY FJ¥ola AwHA FRAGAN FFE
A gE sdolth. wWay FEFE e AAZA ?5“"*%73 o 23 4
pEggEe 2@ WaE 98 v Fusge 45EFIE AHETA AL
2l sojobdt ZlxAmoln AT HIGEE AASL T

B zZALGME JGOFSE =4 a6 Adstn e AN FF
zgEZe ALuz sgo. Z SA9RY ) g BF AAF 4, o
24 Tzza dHolgujolzd ¥ AF F2ie BX 4, ARH-AEH
P-1 EAe] dolgmolx 3 #F-& Ay dAANE-S FA93= A 1 8
oz AR FF Fol A A 2 8o JFYE, F& Tl A w
A ele] azpAlabeEle Aus 237 M ARl BHI] FARAHNF
sta FEasyt A"3 magoor i ok 84, 999, Pl i 7 ¥ 4= 2]
v ol Elu o] A 3}7} ol ol &jel 31| WjEoltk ol % HolE Holi= “34&1
24 A EA S o3 2R ejol it HZT BA FEolF -
A ola8lgk Al=7t AlZET 9o v Longhurst (199 AAA HF9< Olfﬂﬁi
Jzq o8] FReT Yok &), B3I, B3 T IZFAY ol AE
3Ha ZAME 22320 ATASG 93] Azl A} o]Fold gou 1 Y=
ojoje W e @e] =3 (quality controlE 3] I EA I U Hc
ury 2R 9] o2 71A 24815 (Carpenter & Lively, 1980) 53] B39 &
Rae =Re ztzte] AT AANES 2§ 3ol Fert Ha olzky ARAT
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9 A#s F2A VESF YT BRAYY 2L sAFA P-I BN ZHo) o
@ o) wiB At olalF Amel AW, AW HolgwolAss S
o WEEA EAe] 7o) Wixoly) wEoltk

#H ZE22de ¥, 97159 dE8F 2 Yo| HHS L A8t gztem
Y oo HALW AEEFARY e TAY 2L Awsdcr Amzasg
o] g 8248%9 TAQE o 1%~5%2 oldo] FaolA ZAE AHuT o
2 @A vehgdth 3 da Alabge) e 97b2e] ANESE AA 5~40%
A Huh 9~60% Abolel WO vk Teiub HWx) ERTeojA An =g
=9 gAY D #3WMFe W2 cohl MEo WE FALS} ERTggEe] ¥
Ageel g AT AL AT Ayolnz ARSFIAR gak E2IIE
o] &MEES FPI)E olgTh AT ABAYAA AEZSTE W=
F Y 8 FEEFIEL No] HAL o Yo hil oAy 2He
9 AABANMY EAEB L ouiA BB U@ ARE AT YA
Well el Mg e Fgo 288 BT AFLHD ol2)s T Al
ZAZL A Holx Fr1Ho Sasiolof i ANEL AYATES olF st
g o F8@ A8 ° Aol
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Fig. 8-1. Study area showing sampling stations (COPEX-E 9408,
C @: CTD, @: phytoplankton).
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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. Chiorophyll 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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I-line, contour interval = 0.1ug/t

Fig. 8-19. Chlorophyll profiles along the I-line.
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Fig. 8-20. Chlorophyll profiles along the J-line.
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Fig. 8-21. Chlorophyvll profiles along the K-line.
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Fig. 8-22. Chlorophyll profiles along the L-line.
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Fig. 8-23. A typical example of fitting a chlorophyll profile to the
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(b)

Fig. 8-34. CZCS scenes of pigment during August, 1980 and 1981.
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79 FFFHM2)Z AJIS Agoltt. oW x, yAEe H{F FE(HA})o)
255(4.8), 368(55) com/sZA FHEA 9L W= 19, 15%2] HXE ®Blcl A
8] o] F ARG FHER FERHAME 2 HATE 3 ZA Jehx §
o K, 229 ZA$ u, vAE9 rms amplitude difference™ 2.7(2.6)cm/s,
16(1.3) em/s©]31, rms phase differencet 63.7(46.9) °, 28.1(26.2) ° o]t} ==
H M2E AT w1, xyAdE e F5@AD] 39286), 7.4(1.3) cm/solBz B
A 9 Bt 67, 18%Y] HAE B x ARo] MyE=d Hl§ Juxyoz mHxsb
v, ol HY Ad f&ol FHE AR I ggo] Atk YR A A

+
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Pz7E Mol vlal vlwd 2 dl, old ok A HEZ HAd o= Bl
ot Bd ZFel o]+t parameterdl Wik F7HAHQ 1A F 53 RdZF e
% Ao} dFE

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)
(depth) | - t(N) Lon(E) "OBS [ CAL | OBS | CAL | OBS | CAL | OBS | CAL
148) 134 ° 18.1/124 ° 415| 133 | 147 [1115 |126.4 | 437 | 42.1 3585 |354.7

F(70) 135 ° 138|124 443] 50 E 81| 72212399 427 | 194 | 16.4
36 ° 00,1124 * 349| 15.1 | 13.8 108 1.3 261|275 633 | 580

D(41) | i
B(38) 36 ° 569|124 ° 05.0| 186 | 17.4 . 109 32.8 | 29.0 11462 1135.6
SB(110)(28 ° 54.6(127 " 150/ 11.8 6.6 339.9 09 74! 41 2187 {2277

MS(32) 30 " 3121124 " 4801 359 | 465 | 59.0 | 31.4 342 | 41.3 i266.9 283.1
I M5(20) 32 ° 00.0{124 ° 30.0: 532 | 52.7 | 61.0 ‘ 63.2 | 595 | 49.9 |324.3 |325.8
M2( 9) l31 2341122 ° 222! 409 | 71.4 | 83.6 l107.1 503 1 33.1 !3058 325.1
| M4(25) |31 " 15.0122 ° 46.2| 44.4 | 38.2 | 638 I 94.5 | 448 . 38.6 13124 |319.1
'M7(28) 30 ° 19.8123 ° 26.4| 32.0

362 | 52.7 456 43.1 | 50.2 '298.8 [290.5 |
rms difference 10.7(4.8) 19.5(14.7) 7.5(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) :
(depth) La"(N) Lon(E) “GBs | cAL | OBS | cAL GBS TCAL oBS | CAL
1(48) 134 ° 18.1i124 "4L5] 26 (39 | 793 | 652 | 126 11.4 [2532 [242.1
F(70) 35 °13.8(124 * 443| 24 | 1.1 11273 126.0 | 104 | 11.8 ;252.0 [243.1
| D(41) 36 ° 00. {124 " 349 1.4 | 20 12309 1489 | 88 9.1 [257.2 [256.4
| B(38) [36°56.9(124 “05.0] 24 ;23 1443 ;1500 | 58 | 7.3 [272.3 2749
SB(110)/28 ° 54.6!127 ° 150, 1.7 {13 | 105 "305.0 I 13| 14 [1364 [141.1 |
MS(32) 30 ° 3121124 " 480 32 | 65 |319.4 3047 | 43 6.1 |265.7 1211.2

| M5(20) 32 ° 00.0/124 * 300! 100 | 6.0 333.1 13201 | 9.8 82 12565 '236.4
(M2(9) |31 °234122°222] 20 |50 1881 3323 | 75 4.5 12948 [253.5
M4(25) 31 °15.0/122 " 462| 8.1 | 27 2450 13357 | 58 6.0 12769 |269.2
M7(28) 30 ° 19.8/123 ° 26.4| 2.9 | 45 3100 3143 | 76 | 57 182.0 12322

rms difference 2.7(2.6) 63.7(46.9) 1.6(1.3) 28.1(26.2)
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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. 9-5. 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: coamplitude(cm),

dotted line! cophase ).
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Fig. 9-7. Computed co—amplitude line of x component of the M, induced
current (unit' cm/s). (@) x-component and (b) y component.
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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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Fang 5 (1991)& |ol Mejgekst Ba] gjmakalo]e) Qalzlolo) olz) hopht
77 d4Eg T Atsgn. B3] Toba & yasRa 27FEAY Alo]l Y
R ztoj= Ald BAY) AREA 5= WA FE53 e 27123
e A A ol WnpdE Z-garo) AEyste) @232 B}
Minato 2} Kimura® @3 i 2 X 8e = o4 (marginal sea)<}
Hdol AAE nhF-S nlP dH RS Hoiy Adsjz FHE = HAAE
o FEFe] A opdAS A} vokale) TR, MAAAF] o
S 23 #F9BL BAY Nof (1993)= Minato 9} Kimuras} 22 @43 X
Fol obge] FAAE FAP HAY 15 = myL AE-8le] dslze] fYako)
ddel 4338 Ax 2 AAAAR ok =} ola) AP EE BYo Nof 9
M= dobdFr GRlae] gejale] o8 Smge Aol olz} ook}
ALl F AN Ao o8 fE=

Ichiye (1984)x= Kuroshio F&o)) =& 3t wake] THZAQ W) 9F o]
T2 2EY 20 s Yo} FAP LS AA8A AL, Qey £+ Chen (1991)&
TT=A AFE Adeld M= whgieko ¢ A WA 9} (frontal wave) 2}
A% 3(topographic wave)e] A8 o8 ¥Hoz FNHE = Mz
Aol divbdF B N9FE 3390 £ 2L o] 45t A Al 8k
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Toba, 1982), AHHYA #5BFe 3 $£53 Hadt BaYTd oo = &
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Li, 1984), A3 APl 3tA 433 (Sekine, 1988), Y A3 Y
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FAZ2 FUEE AersdFS HAE o @A S, Kuroshio®] ol dS5%5 3
A9l £=49] ¥ Kuroshio® 45352 Hold o Fe¢L 2o} feo g
JIEL A4 nyd & 9 AHWsts FAA7AE et 53] gy
5% dlg 532 IAEHY ulFe] G2 A ¥R €228 B4, v
Hellerman 3} Rosenstein (1983)¢] u}& climatology AF2E o] &% Li 59 @
dxd Aol ejdA Y EE T3 A2 FdsH= dinphd 2
HEEH o] 5FALE] vtgdo] M7 ALH 09 Sv G3AIE 0l A4 o
EAdo= 22 Sv 22 eyt Li 59 Axe AAWEE e i JAT U]
£9] ol d§{ s5Fe] ARWUEd AR, FAR SUREdD-E o83 Seung
I} Name] ZIele= Adwbd AxAzE HAE Seung I Name Rdgd e
15°-43°N, 117°-150°E 9] At FHo=2A =R AAAARFE o=
(separation latitude) 7} Ao} U= ¥ Li 5o Eddde A gfHSS
X33 MIAAFY ol =r AA wet M Chang (1993)2 A <HA
Ao ol xe] W3yl dinpdFe £4% Wids FEAE £ ASE &%
2d ZAFE ol§3ld At e, ¥R Kuroshiod] AEYE oledfxe]
3}l9t Kuroshio 4% 2ad w depdFo] AAE 4% W57t oF 2 Sy
od L BT fd AFT AN odRde Zias tinhdFel 4559
Seung # Nameo] AAg aRlelo)] BejRte] v g W3lo] <3 ug
F A, A FHQA vlge 23 A= FHFHoE HIE AAEH.

FHE I FelEG] 32D L Takano $F Misumi (1990), Hurburts
(1992) 2383 Yamagata® (1994, personal communication)ol] 2}3l <=8 =it}
Takano ¢ Misumid] 213t WS ¢ F=45Fe] Adsds FAQ 394
Qo oF 38 Sve R HE JGehii, A 79l oF 28 SveE Hibeoln F
Ael 108-11¥8d= <F 32 Sve R secondary maximume] “ebdo}. Hurburts
o] mAL g o AR FAHo=z Gy L&zt HuHS
eddy-resolving FAEEZA £40] 200 m v FF3E dHge rdFd
oAl AL E Ao, EFF AZo F4l0] 200 m oldEHE F& FEE 49
2 HAZIAA T s 23RS Hurburt 59 93hd F3& x4
G XFAD 7 BHEG] £8o] o} AA e} FAEE AFsiz 4,
FAHE T ofdd] 2 ol &8 Ango] FEHFPYY i) 2
QLS L 5T F d9. 29 10-17 2= Huwbur 59 RdZA3ZRH
AlArE 198211719927t e] FIE R¢dHe € 5% 2 9l sEHFES Uy
Aok 11@zke] HAFFEHEFL F 37 Svoln, 4% 296 HAXE Holil 3
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A (79784) ¥ FA10€7119)e XS BATE A-Wsle] T o 15
Sv Axold, A3l EE o 1 Sv olth Hurburt $¢ EdAAE 7129 s
Ao A ATtAQA Wi g A4Ed doidFel AMWEI vmETd (d,
Yi, 1966) duigt2 % 2 SvAE FAT AT FAER, Takano %+ Misumi
o] A#A oy dY. Hurburt 59 ZddAs B8] kg, Qs
Kuroshio 3}43te] Eoly s L 53 A5FQ 28l 74 A=A
o] HAAHe] aFFe TeiEA] Asgtou, quldF 4o Bejgakel 3
T WEs] ZA HWESF PSE BAFT Qey ¢ Chen (1991)8 g4
i}% G5, 53 2 Bills st Dk A %] $Fo)
Tu = AMFFHA e HAXHe) FHE FYUEHE 4% wslg o=
321 FARG-E o83l AFEAT Oey ¢ Chendl Rd A2
ALt e U3 F£35i3 AAREE Holes YAl AddEng =771 2
2 AFn gl A3A Aoy,
71E9] LA RG-S o] 43 diopdF HEAY B ATE T2 £ sgz
Azt A olFojmTt. ALY HAEFE 12E Oey & Chen (1991)9] |7 4A]
E FH 3ol AN 542 A3 AA $ e Addsiac 301 7
L2 Ri—’i‘—i[} W5 gh3o ﬁﬁ}. t&f&ﬁﬂ Hu.rlburt 5 (1992)4 RE:E?%—} &) A =]

2=
NFE= A, B °ﬂ-"rL°1P~i\_ a3t Efél"ﬂdoﬂ 6H°u *4’;“ S 2§ 3
A FAREY-S A8 diebd{Fe A4 4T AL FE AN=AL
FHE A ot

7h B2l A]uf 4

A 28eAM s dirbdFe 5% dMidd 99E v 2902 AT 9
3l AHEE AR & spectral YR (SPEM)O] B AME gtk SPEM
< Haidvogel T (1991a)o] 23] & AJ/NE ¥ Gawarkiewicz 9+ Chapman
(1991), Haidvogel & (1991b), Chapman ¥ Haidvogel (1992)¢] 23] 3lorE-g)
&} Aqtel] -$-8d wvirl Uk

SPEM-S 423 & 0 2= orthogonal-curvilinear X A& 283 423 wk
O 2= o-FHFAE ALFoZAN BEFAAHA SAZA ¢ HAAFL go)5HA
38T 4 Yo} SPEME =3 Al Wako 2= Amkawa C A A §8 2}
UL o83y, md P59 £ F 2= Chebyshev polynomial -2 basis &
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423t modal expansion 712 o] &3t Auj WA A9 5 FIth AA=
T AFH A4 2848 71871 9%t EE polynomial AIFE T3 WAl
b &2 29 polynomial ¢ =23 (collocation points)ellA 2 W35
AAZEE AAEH, polynomial AlFEL FAFHAMe AEEFEH AU
matrix HEel o] 3 & glth

SPEM2 AAH-L layer Edoly} level Bd FT3e €8 FHL g2
E d4Aor HAY 4 Un, RdFY W 42 A Wt AE A%
Bl QA Rdo v AFEIF w2 FAFol AT dH L2 rigid-lid 7HE-S At
g3z Mo AHRE 3T 4 gy, AFAMo2REH FFIF SSH (sea
surface height) At5-5 ©]&3%t data assimilation 712 BAZAME AIRE F
Aok SPEM o &3 AAF 71& £ F spectral Y-S o] 83t A4 4
2 F3te }AL Haidvogel 5 (1991a) ¥ Hedstrom (1994)¢] Arjsim=z B
AME 2d Au] WA 9 AAzANS =] sl

Boussinesq, hydrostatic, rigid-lid 28|32 W gHA 7142 w3l gA)d
Rae F£AF wakoz s-HRA, O8]n $£HHOF orthogonaldt Yol F
TA Elx,y), 7(xy)NA ol o] A AT

1
=

L (kg f () LAy LAl
[ (Sh) e (5) ey ()] we= W
(—%)—}g— +(1 a)( Z‘E’;f;“’n) 2% +D,+F,

)] hu = (2)
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o= p(T,S, P) (2)
3 - - (42
S (2) + ()« H(42) -0,

m(&,7), n (§,7) & (A&,Ap) & AA arc Zolg ARAA F+=
scale factors ©|®, ¢ =1 +2(z/h) 2 FoAT,

o 71A
h(&,7): 4 |
(u,v,w) rAE W (£,7,Q) AR,
Po, PLE,2,Q,0) @ B 3y HE 5 A
T(E,7,Q.) : 29 (potential temperature)
S(E,7,Q,8) g
P ) =
g(&,7,Q.,0) : &% (dynamic pressure), g=(P/p,)
(&, 7) FZE & Hep
g D FE VR

Fy, Fy, Fr, Fs ! forcing &
Dy, Dy, Dr, Ds : &% &4 2 olas)

T4 QDI 22)E 42 x, y B &% $HAL, (23), 4= FeH
FEo BHE A4S a3 (25 AHEAE 42 JEdth Boussinesq 74 ol
ogted 43 ] SR ANA AR Wale TAHRD, FHGH BYsh
A AAge] &5 PAALS 4 26)F o] BAHJAL $F4 2N vg
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24 fA6 NP FeuALe vebac
34 2 npAae ol o] FojXH),

SN

_c%[ ac

[ 385 ( Azm g? ) + 59?}( Aﬁn g?)] , Laplace <%=}

A7 e =y v, T, S T9 & o, K 3 AE $£AFN 2 F35atd Al
A, momentum 4t o]u} mlFd O] A= K, AnE BAISH F23 GE
ARl Ky AnE BAIFHH,

DA B HAARHL g o] Fozct,

D sEAaA (o=1)

= r,(&,73,¢) =0

5)

(557)

( Zf}fm) L — rien) =0
( K )95 = cs(ent) = 0
o

2) AHANA (o=-1)

%:— = z}:*(é,v,t) = ._.ru,o_=_1

= ,(£,9,8) = =704y
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e = th(&,9,t) =0

o-FHIEA NN Y FALEE Qxy, o)

Rx,y,08) = %[ (1 —a)umg% + (l—a)v%f; + Zw]
2 Fo 3.

HAZIA (T, T, )= AFEAANA L] vFSEE, (10, 5 )= XELE &
FAH dede] 5% (flux) & YEAY (1", 1,° ) 2 (P, 16)
AHAAANAME $FF L oy FEFHS ek AT HO A S &
AR rigid-lid 7F8 S A3l e B2 Qo] Hb, SAAHE GE s-FHA
e ARG A ] £ALE JEE 0o )

SPEM oAM= F7]4 A 27 (periodic boundary condition) = #H4® =
9 FHo g THEAQN FAZAL HEE £ oy MEAAE zhe vy
Fell tair= AMEATE AAZAELE NEElelol ok nAAAC dEAE
no-slip &z210|v} free-slip 27-& AI8E £ Ut B AT T A9
4« F forcinge 1EstX G dEHH npFo) 23 forcingTHe 1w, A
A orlEe HAFNA Y FHEE R MFPHo 2 WHIE ReE /A
o 2dFEe iEEEe] dsts folslA 1aslr] 98t HAgdeo s F
N, FHAA 2AL free-slip AL o|&3yTh

1
-—

p
H

G $X 29 7Y

FARAZ AL Hdgde I3 10-37 o] Y WSE 133 §9 .
275 e 48 2 FA4HY o, g5 Al £=4e 350 m, g

2 1050 m=2 4R3It RBEFH didAlele] diFAIAL Zo] oF 80 kmA
Told BE-GALEeE A%t di{APAL A Wgko g o] sAlMEE
ot ¢} ZL I E FolRn Ay o FALEE 0.0070)th

Wx,v) = 700 + 350 x tanh (0.5 % (x—v+55)) (8)
ANE TSk TEL] e JFEUgo R QX3 M dgigkAlole] Z=Alwz)

=
T EAYTe D doluth dalg YEYTE UE Y BFR gy 22
A7 s 4890l Aok F 2YFe] T2 80-100 km AECH AT Al
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ol9] AT+ <F 700 kmeltt.
Z719 2AFL thE3} Ze] FAHo R AF3 Hdr (1Y 10-4).

T(C) = 20.0 + Zx10 %, Z (m)= =4, (9)

e AxE Lo AXTSZR Folxn B BEYAY AL time-stepping
= A gomz melA Frh. 5o TEVt o 2RE AAMUAA A
o2 ML ol et Zeo] FA=E= buoyancy frequency N2 F53k2 74
2,

N2 = _ &8 9dp
oy 02

Nol A2 2L n MA mode W32 phase speed (G) 2 Rossby ¥ & qkA
_;'Z.__

(a2 Tha3 ol Ao},
_ NH _ G,
C, = wg o+ Gn = 7 (10

71X H v §4], f © Coriolis parametero]th 4 g9} e AZ=zZdA 19
A mode2] Rossby ®H&EW7ZE 2 ¥ Rossbyd2] Au&ET = ©F 22 km, 09
cmy/s 2 217y FolAch

AEstd Rdddaiie %52 A oldel e FA, JdEubake] uf
#8E8& AgAA FIANFEd 9Fe"e g (¥ 10-3 9} i=49-129,
i=1-161) 3t A28l o,

£ (N/m?) = — Z'UXCOS(—EE), r, = 0, (11)

A71X o © F-AYF A vl EE Jed, L& mulgde ] JFEite]
Azjolct, viF-gA L wdle AES T8 600 AT ) % =
o 1% 10-5% FFELF A Al{’toﬂ wE Ho urEsH
th 4 11 3 2E ulgEo] FoiE BFS ddds AAEe 3] o
Azt Y, diE§%-9 s “r'%" =738 2] &8 23 FAAG. vt
o 23 excitedd AWMA mode2] WF Rossbyd7l Ed g 7l 2=y
A= Az 2F 3200 %10104 AA 2d rung 400024741 S8 &4t

B AR AL FA, FEUE 2% 1A modee) Rossby W3 wiAnc)
Z+-2. 20 kmel™, time step BOE—OE AT BA, EEEE} AR A

5
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Zyzy 129, 161 ol A Ho 2= 8782 collocation pointsollA] Al4te] £8&]x
Z 3t ¥ 10-12 HEE- dialxe] collocation points®] £4l-& el
=3

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

N shelf ocean
-350.0 m ~1050 m
1 -332.7 m -998.0 m
2 -284.1 m -852.3 m
3 -2139 m -641.8 m
4 -136.1 m 4082 m
5 -65.9 m -197.7 m
6 -17.3 m -52.0 m
7 0.0 m 0.0 m

A 343 4 7
71 EE4Y
HEAEL 284 93§ 2d9es AP A 112 Zo)x = njate
2g ol8ak] AotAAF 8 FEHE Aol e uARYT F2AY
o 74 NAAARE Az BE 2T JEAA (2@ 10-39) J=131) o]t

(separation) =& 3}Pth X 1022 ZFAFd A8 A parameter?] 3k
< JEldd 2d rund X single precision® ® TR HLE
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U= CONVEXAA 483921t double precision®. @ <=8% ZAzls} v|nd

27 A7l Aol HEHAY. 1Y 10-6 & zZ+re] 799 super computer
(CRAY-90) ¢l A 2d runs FRFLY dd=2 Fdd= F%e Alzsts
Hepdth Al 2 25 Rd rund 200871 4 8 F 4009719} Al
= 2008 9] Z2RE o183t FAFAT CRAYAA F8% 2Aset CONVEX
A4 double precision 22 Fq3F} ZAIAE LAZA YA COVEXA
single precision 22 g A= diF 50 o|FRE Hzt =4 vehgL
Atk 4000471 A] AlAskedl 28 cpu AlZFE CONVEX) A= < 4004
b adla CRAYOAS oF 40413 7hso] A8 51 o]fd 7]&shs 25 2y
A= CRAYAA A4kg Axjolt

3¥ 10-7 & Algell & AA 2d GG £FNUAE el &%
A= uit-gHeo] vt He 600 LA AUE Holn I o|E2E 4000
A7LA wf-¢ A3 ZaFTh 2@ 10-8 & AHE fURE ke Az

& ¥3lE vebdoh Al 2706l B%0 s¥dogny §4r S8 &
PFol 29 S Holn] g 320¢ ZREE UFEH AFG IR FHyPo 2
el dolur] Alaste] oke] ghg Holni 1325940 H o 52 Sv (10° m°
shell @8tn 71 olF 2 #91%o] fwkshA A BERAFS A$ 40002
7t Fd FEFL 341 Sv ol

¥ 10-99 102 d mdgddare 160095 A4 2 S23 A3
5 EF3e AFH QA 00U FAFS; BREES el dokd)
A vgE 9 curle] OolElE $1AI7F Qdle] B& Qe dxrnu 3& (oY
10-99] J=13D)e AR =E 27)e] FojFoU MAAAFY V= H A9
HHZ Q3o overshootingH ol Bdlge o] BEZAA7R] o]2 F AlA|gsto =
=°t AMEHE oltd HAFA EFFL FAEgFe EXE gEFE YR
Aol mofgt WIA|A] kel £3o] AT QS o)fE TR He FAR 3
e wEt MAFEAFe ARV R FUES HAFY Ad 2 §99 2
© ATAAY EH2 Q) MRSt d4S Holr s 229 YA Ao
B A Y AZAPOo T RE oot F FZo T Fathyl B& &
H-e T digez §2dY 8002 A9 #§4¥84 BIE 160022 AAR
QIR FlFel A A% A BF FE H A v FAF
Y FAab AAsts e dEE GAF] wiAA wake) &8s o gyl
og AHE Rt E 10-3& 8002 A2 M mdgdoAe] Huy 2 HA

Agaet dsl29 FdFS JeEdT flZe] WiEle nlAs A ZE AHARY
TEFE 16004 AAR olFdte g FAIS ¢ 4= A 1600 6 A
R FdFe AAF F4F9 9 9 %olu.

¢

b o

kL
o
el
el

L o

il
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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 # direction
N 8 ! number of baroclinic Chebyshev polynomials
oo 1000 kg m™> .5 constant reference density
o 24.78 - 2.8x107%%xZ ; background density stratification
N? 2.744x107° | buoyancy frequency
L oa 22 km : first baroclinic Rossby radius of deformation
i | _5 {deep ocean) :
8 9.81 ms” acceleration of gravity
- f fo + By | variable Coriolis parameter
fo 8.365x107° Coriolis parameter at central latitude (35° ) |
B 1.875x10™ |
Ka 5:10m’s " +20-107* o™ ® %! vertical diffusion coefficient for velocity
Kn 15:10°0%s™+20-107° "% | vertical diffusion coefficient for temperature
| An 5x10° m’ s Laplacian diffusion coefficient for velocity
A 2x10° o 57! Laplacian diffusion coefficient for temperature
ro 10° n s™ o linear bottom drag coefficient
. C 1200 s timestep
4%, 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

I'_“ run day - streamfunction influx ;
1 - ¥ max. 5 min. Sv % |
'- 800 53.17 © -1.877 | 3.47 | 6,53 |
; 1600 ~ 54.67 1 -1.241 499 . 9.13
| maexl4 2400 - 54.31 -1.301 4.40 8.10
| 3200 : 53.18 -1.756 3.33 | 6.26

4000 . 51.63 | -1.988 2.48 | 4.80

74%._..
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a3 10-11 & 4000%-13]]9] e F-AvdEE g8 (2g 10-99 J=50) -
B REEYE RAFET FAFY R4S o 72 cmys ol AdH59
e~folding #z]& /‘1—193‘3}.93—|—51 ¢k 100 km |tk AAFS HdF% (VM
FW)e. 25 A4te Reynolds &< (Re = VXW / A, An € FHEnEAS)
°F 1425 AR sk nl@de] A7l A% Aeold MSAPAL ulzk FA
59 Aol e THE 42 vehiA &= |

¥ 10-12 ¢} 13 & A3 GEe] F-Au9uE uE (1¥ 10-10-99) J=80,
97) F-59%e &R XS Yepdth MAAAF HF-E Aesd =25 £
E2pol7F A9 o] BAIFY dFEolu A%z FYde AEsd 2=273 8
dAME FFHYE dFUct dFEAMAGAY] AAFY /LS < 30 ~ 40
cm/s 24 1€ 10-119] doA e AfEe] dul A rolr)

v s AR F e axt

B FaMde AFHA Aol tntdF o3k Fge
g &3] Yslod, BF ﬂtﬂoﬂzﬂ% gsld AARYEe dRs 'ﬂa} 14 29
10-14 & Zo] A3 E olF = TEAHY YME o F 2o A
o] JelI= & Fqr. aﬁxizlﬂé o]9]e] TE parameters B E&AET FA3HA
3l 2 AR E RTAE ] Ao} vlwmstR .

¥ 10-15 = 16008 A Y] #FA3F EXE etk iy e AARE =
&9 {AAR L wE) FFHe] & Q4E g BAd, dre 22 g
AAGEe 2 FHEE AANTLR s A5 E A ddE fd"Ed ®
TAR L] AF e 27 FEAHY GME Ao AN dgon I
7 gddhy Az FUdEE d5e T AZaa X% mdAFE Lie
¢t Cho (1994)7F Q1944 FHFo)E o83y AN TFId T2 sl
g3 AAgT T mYe AAAFPY] EHZ QY 3 HE R #Y4d AAF
T XFAE 93 dF5F MZE o AxA G%L vk 29 10-16 & 1)
e AME Xt AT shdoiA g 00U ri}e] FHFS B¥ES vER
. 2400 A= Zo] FYFl AANEE EFIE EAshe 32008 2= 4000
AAdE TR 48 AFF7 QIS o)F= FF Ao IAER T 9
o 29 10-172 A E FAEE FUFY Aol e wss Jehdoh A
W3l e FEAIEY F-9 FY3e 40009 7te] BT 92 332 Sve=
N EEAE VY 3 % 3= FHoh

AAAY A4 Aaes P3G T 2% AR Ho] YnpdFe] 4
F st F S nA A FSE& A, diehdiFot BAHE YR Z9
A& F BEEAY vd] MEd AXNFgozHN F 29 AFHol S AL

0
X
%
N
-0,
ff
2
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Ha §hx Gt o FR2AQ Y Fio] T T4 Y& YAFL B )
M= Oey and Chen (1991)2] 3¢9 &3] 23 ZAA R} A &zle) Asag
o2 sty A = AT GFolv AAEY FHR AL JEUA gon &
HF Aea Wzt FHE HolR @ed ol AHAAIRS faol YSAhA oA
AL R4, v & g FHoLRASS ALY w8 Ao w Atz =)

Ad4d A 2 AA

NEAPE-L £ divhdFel "B B 7129 A7s PAEFAY. 3
2o DTS a3l A5tE whge) o8 ANE F4Te = Ay
ghE Mole Wl HTo) Al e FrHo Z AlTE ASolA HWAS S8 pEo]
Sa] AEF £4F Wl d5tA Wy e AAE A B Fow AAus
£ Bolx Ferk FHZ FAHE gulaRe) $ae Zae) A2isyg =
Fge viA e dAHEE §FF AAHoln F)H FEdEo] g}

71829 £ARDL o] 87 duhdE WEA #E AFE 22 a9t sUgz
Aol Al olFojgon, £ARY ) Al Ry HAA ] FZAQ 0] WEA o
tohdFo) $5% wale dee uAL AsET. sk A=zs wad
A A3x dige] £ewuste] s disldae WX Aol uiE & glae
ANAREEE] 3 9je] QR i Agejde] F mokel AMAPoR olsle] A-
R 277 4L AFse) drhdE 5% WEo] sl5de] Apsn 4
Z3t5 A FolA AAAAT g8 FEEE A s DI o}
G2 ¥l Homg B dFoME diohdBe] 443 W 28 =1 w
=% 299 ke 45ss veld 3349 SARAL AL oldn]
o] MAAAF) g8l = A8 dfhsHe] BE ATsIYn)

rYdgdde gdegtd Sygd 552 2 B2 olRonon 2o w
dge MPHos 45388 TRE AEE QT 2P $ELS Wil
HejH kel cosine T2 FolA= ulF-2aE-& A83le AR Y=
€ Aol P e A7 FLoEN F Hde LEL Yok
FAHE AALE) e My BYHER gt YRie) AAS
AFAQ Ao R st WFAIEL weal Far, PSR o] Y=
vlekgh WA Al B ¢@o]l AT NAA weke] £33 g BE )
Abololl Al AAFS ARyt ERo2 U= AA LHoT ¢3H T o
o] 32 YL 53 A8 AT 2719 425" =A% BRET o
55 2 99 &3 9o AR A S$YLL AAE 4] of
10 %ol o1&t} d3le) 3% Y 7o I mge] HAXHo| =AY 224
= Q=29 FHFL A Wzt glort Bol 9t ARG AAR] ko)

o frorr 2 oo

_408_

IP:14.49.138.138, 2017-11-03 11:36:58



53 el gA vehdoh
1Az ee 334 2de] A4, 2l test ¥ 2713}, aa Hdd AgR

T

d-& o} &3ty 4L AAE AUI7MA B2 AFH Aol 2850 £=x4
AL 283 I 2Pt 28 %de 1T set-upH EdL 0]8-3l
ﬁﬁﬁi FYET FHZ G v = Ak 228 FHokstr] 3 F£AAEE

& F8 I Ao}
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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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derived from the eddy-resolving North Pacific numerical model
(from Hurlburt et al., 1992).
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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. 10-17. 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. O DD [0 AOU PO, NO; _NOs  Si(OH) |
(m) (m1/1) (uM) (%) (M) (ud) (M)} (uM)  (uM) |
A2 76 128.4 34.5 05.20231.9 110.4 -21.80.06 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 7.80.27 0.50 1.59 7.60 |
A2 50 4.36 194.6  76.0 61.50.49 0.11 7.00 11.90 '
Ad 97  128.8 342  04.9322.2 104.8 -10.0 0.02 0.15 0.35 3.50 |
A4 10 4.96 221.3 104.8 -10.1 0.01 0.17 0.03 3.91 |
A4 20 4.95220.8 104.2 -8.80.02 0.14 0.06 3.21
A4 30 4.69 209.5 96.7 7.20.100.55 1.58 6.75
A4 50 4.35 194.1 84.2 36.3 0.23 0.30 4.06 674 |
A4 75 3.91 174.3 70.0 74.9 0.72 0.25 11.30 17.28 |
A7 127  128.9 33.8 04.74211.4 1040 -8.20020.15 0.02 1.42 .
| A7 10 4.77 212.7 104.7 -9.6 0.03 0.15 0.03 1.30 |
L AT 20 4.73 211.3 104.1 -8.30.02 0.17 0.01 1.88 :
A7 30 4.80 214.5 1055 -11.1 0.02 0.19 0.08 1.92
A7 50 4.82 215.3 103.4 -7.1 0.04 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
AlG 107 129.2 33.5 04.76212.6 104.8 -9.70.020.14 0.26 1.22
. A10 10 4.59 205.0 100.9 -1.8 0.01 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 754.60 205.1 91.5 19.1 0.18 0.37 2.90 5.05
Bl 72 126.0 31.6 04.83215.5 107.5 -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 -4.6 0.08 0.18 0.49 6.20 .
Bl 50 2.70 120.7 54.7 99.90.650.31 7.59 18.32 |
Bl 67 2.96 132.4 57.8 96.50.61 0.41 6.12 14.74 °
| B2 9] 126.5 31.5  05.00223.2 110.0 -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 !
B3 106  127.0 3.5 05,10 227.8 113.2 -26.5 0.05 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 - 30 5.17 230.7 111.8 -24.40.03 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 !
. B3 _ 100 3.77 168.2 66.8 83.5 0.73 0.19 11.49 16.42
_.,.438_
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Appendix 3. continued.

NO:  Si{OH)4
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Appendix 3. continued.

St. Depth Long [at Dep. DO IO Do AU POs  NO: NO; Si(OH):
(m) (m1/1) (uM) (%) (W) (M) (ud) (uM) (M)

D10 85  126.0 32.8  04.76 212.6 104.7 -9.6 0.04 0.10 0.48 3.35
D1O 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 B.46

. D10 30 3.57 159.4 67.1 78.2 0.33 0.30 6.43 12.64

| D10 50 3.64 162.4 63.9 91.7 0.73 0.25 8.27 17.52
D10 75 4.23 188.7 71.5 75.3 0.61 0.42 566 11.34 |
D10 80 4.25 189.7 71.9 74.3 0.63 0.42 5.84 11.95 |
El 44 123.3 33.1  04.84 2159 102.1 -4.40.190.19 0.72 9.55
El 10 5.74 256.0 113.1 -29.7 0.10 0.22 1.5 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 44.0 0.59 0.42 5.69 11.77
El 42 4.80 214.3 82.9 44.1 0.57 0.38 4.29 9.78

" E4 66 124.0 33.4 0 4.81 214.8 102.8 -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

i 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 05.09227.4 107.5 -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 46.9 0.69 0.17 5,04 8.74
E7 75 5.15 229.8 81.3 52.70.76 0.21 5.35 9.37
ES8 74  125.5 3.0 05,08 226.7 105.7 -12.2 0.17 0.15 0.73 3.43
E8 10 5.13 229.1 106.2 -13.4 0.19 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
Ft 30 3.73 166.4 79.7 42.5 0.41 0.87 6.40 15.56
F4 41 124.0 32.4 05232335 112.4 -2570.180.18 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 27.40.30 0.26 3.16 11.25
F4 | 30 3.02 134.7 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

| FB 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
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Appendix 3. continued.

| St. Depth Long  Llat Dep. DO DO DO AOU PO, NO; NOs  Si(0H)
o (m) (m1/1) (wd) (%)  (ud) (uM) (M) (uM)  (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 4.43 1979 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 9.83 17.46
G5 110 127.0 33.0  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 0.12 0.16 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 10l 3.81 170.0 68.1 79.8 0.64 0.15 6.78 12.58
Wer 152 127.7 33.5 04.65207.7 103.9 -7.7 0.05 C.19 0.92 247
| G7 20 4.66 208.0 103.9 -7.7 0.05 0.20 0.68 2 52
o7 40 4.81 214.6 103.5 -7.2 0.050.16 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
' 610 40 4.71 210.3 101.6 -3.30.050.17 0.81 1.50,
' 610 60 4.31 192.3 89.4 22,9 0.26 0.62 3.60 4.22|
' G10 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 4.25 183.9 93.1 14.1 0.11 0.13 0.99 5.82/
- 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:
1 20 4.71 210.4 105.0 -10.0 0.05 0.12 0.50 2.66
- J1 30 4.79 214.0 106.3 -12,8 0.05 0.14 0.47 2.75
a1 50 3.45 153.9 69.4 67.9 0.47 0.25 4.38 13.44
- 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
I3 10 4.74 211.8 105.8 -11.6 0.150.12 0.63 2.26
- J3 20 4.62 206.1 103.0 -6.0 0.17 0.13 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 35.4 0.350.36 2.38 7.03.
33 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]
- J5 162 127.5 29.7  04.66 2081 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 0.05 0.19 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
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Appendix 3. continued.

(St. Depth long  lat _ Dep. DO DO DO AU PO, N3, NO; Si(OH)
| (o) (m2/1) (uM) (%) (uM) (uM) (uM) (uM) {(uM) '

L J7 1002 128.0  29.6 0 4.71 210.2 104.7 -9.50.02 0.13 0.07 1.32
L 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 -8.30.04 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
| g7 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 6.03 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 1285  29.5 0 4.81 214.9 106.9 -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 5.5 0.07 0.32 1.03 1.43
| J8 150 4.05 180.7 80.4 44.2 0.140.18 2.24 2.27
. J8 500 3.17 141.4 47.9 153.7 1.78 0.19 27.48 49.55
8 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
J9 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 2.2 0.07 0.23 0.73 1.41|
| J9 150 4.91 219.4 95.4 10.6 0.09 0.26 1.44 2.12
| J9 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
L K7 1144 128.0 291 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 1.6l

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 1.756 78.0 24.3 243.4 2.43 0.20 35.62 99.30

L3 99 1258  29.2 04.64207.1 104.0 -8.10.140.16 0.89 2.37
| L3 30 4.61 205.7 102.7 -5.4 0.04 0.13 0.51 2.87
L3 60 4.37 195.2 95.0 10.2 0.16 0.36 1.11 4.60
13 75 3.37 150.2 66.3 76.5 0.6} 0.23 6.96 16.02]
13 86 3.32 148.0 63.0 87.10.44 0.18 5.30 10.45)
| L6 122 126.5  29.0 0 4.66207.8 103.2 -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
L6 20 4.70 210.0 103.8 -7.7 0.08 0.16 0.51 1.46
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
L6 100 3.50 156.4 66.3 79.7 0.35 0.18 7.10 12.21
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Appendix 3. continued.

(St.  Depth  Long lat Dep. DO DO DO AOU PO, NO; NOs Si(OH),

(m) (m1/1) (uM) (%) (uM) (uM) (uM) (uM) (uM) |

18 248  127.0  28.9 04.65207.8 104.1 -8.20.17 0.11 0.61 0.54

L8 20 4.62 206.2 102.1 -4.3 0.16 0.13 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 89.3 1.03 0.17 11.72 20.85

. L10 1019 127.5  28.8 04.71 210.1 1048 -9.60.060.18 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 11.1 0.21 1.15 247 3.17

. L10 75 4.48 199.9 93.4 14.1 0.24 1.32 3.32 4.19

' L10 100 4.42 197.3 91.8 17.7 0.22 0.28 1.47 2.0l
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 T74.7 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

L0 700 2.27 101.5 32.6 209.6 2.35 0.19 32.97 82.54 |

' L10 1000 1.95 87.1 27.1 233.8 2.07 0.16 28.58 69.30

L1l 1008 128.0  28.6 04.52201.7 101.2 -2.4 0.03 0.46 1.00

| L11 20 4.63 206.6 103.7 -7.30.04 0.20 0.75 1.68 |

L1 60 5.11 228.3 107.9 -16.7 0.06 0.21 0.87 2.05

L1l 130 5.01 223.8 97.4  6.10.09 0.27 1.25 1.75

L1t 500 3.83 170.8 62.8 101.3 0.91 0.20 13.32 25.48 |

LIt 600 3.83 170.8 59.2 117.8 1.03 0.15 13.33 23,35 |

Lt 1000 1.98 88.2 27.5 232.01.84 0.16 20.94 64.38

| L12 896 128.5  28.5 0 4.69209.2 104.4 -8.8 0.30 0.23 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 -5.6 0.19 0.18 0.83 1.28

 L12 200 4,92 219.5 93.1 16,3 0.30 0.18 2.15 1.90

- L12 500 4.19 187.0 7.1 76.1 0.82 0.14 9.07 15.35

12 880 2.12 94.5 30.4 216.5 2.08 0.15 24.30 70.61

.._.443_
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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 X %
Achnanthes hauckiana £ s
Achnanthes longipes % %
Actinocyclus octonarius % £ * ¢
A. octonarius v. tenellus P %
Actinocycius sp. * % % %
Actinoptychus senarius * * % 3
Actinoptychus splendens 5 % *
Amphora laevis * *
Amphora ostrearia b
Amphora sp. * "
Asterionella glacialis £
Asterolampra marylandica - % #
Asteromphalus cleveanus %
Asteromphalus flabellatus = b
Asteromphalus heptactis * % % 5
Asteromphalus robustus : e
Asteromphalus arachne b *
Azpeitia africana 5 *
Azpeitia nodulifer * 3% * *
Bacteriastrum comosum % 5
Bacteriastrum elongatum £ %
Bacteriastrum hyalinum % % % %
Bacteriastrum minus 3 it %
Bacteriastrum varians *
Bellerochea holorogicalis % st *
Cerataulina daemon st 5t
Cerataul ina dentata 5%
Cerataulina pelagica S * i *
Chaetoceros affinis % % % %*
Chaetoceros anatomosans *
Chaeto. atlanticus v. neapolitana £ * X
Chaetoceros brevis % %
Chaetoceros coarctatus % #* ® s
Chaetoceros compressus * * b %
Chaetoceros convolutus B
Chaetoceros costatus % sk
Chaetoceros curvisetus * i %
Chaetoceros danicus g %
Chaetoceros debilis 5% %
Chaetoceros decipiens * * * *
__4_4_4_
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Appendix 4. continued.

Species

Month \

Dec. 1993

Aug. 1994

Transect\

Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Climacedium

denticulatus
diversus
eibenii
lauderit
lorenzianus
messanensis
okamuri
orientalis
pendulus
peruvianus
protubulans
pseudocurvisetus
perpusillus
rostratus
socialis
tetrastichon
Spp.
flauenfeldif

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 surirellia
Detonula pumila
Diploneis crabro
Diploneis weissflogi
Diploneis sp.

Ditylum brightwelli

Ditylum sol

Entomoneis alata
Entomoneis sp.
Eucampia cornuta
Eucampia zodiacus
Epithemia sp.

J

® %R X ¥ O E

L S S )

R R oW OFH X W R R

% % %

B

*® FOW W W OR W ¥ W

* %

J B

%

2k

*

¥ ¥ %
3% 3 9% 2%

*
e

IP:14.49.138.138, 2017-11-03 11:36:58



Appendix 4. continued

Month \

Dec. 1993

Aug. 1994

Species
Transect\

J

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
Leptocylindrus 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. winor
Nitzschia prolongatoides
Nitzschia pseudonana
Nitzschia subfraudulenta
Nitzschia sp.

Odontella mobiliensis
Odontella regia
Odontella sinensis
Pachyneis gerlachii
Pachyneis sp.

O O O3 S 4 2

¥ OH ¥ W W%

* W

#® 3 W I %

*

A

x b4

% 3 %
3 SR

*

% %
b3 b3

3%
*

%
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Appendix 4. continued

Month \ Dec.1993 Aug. 1994

Species
Transect\ J B J B

Paralia sulcata S * % *
Plaktoniella sol * ®

Plagiolemma confusa *

Pleurosigma directum * ®

Pleurosigma elongatum *

Pleurosigma falx *

Pleurosigma planctonicum % %

Pleurosigma sp. ¥ ¥ ®
Podosira stelliger X * ® ®
Porosira sp. % %

Pseudoeunotia doliolus % X

Pseudohimatidium pacificum * *
Rhizosolenia alata % * % 3
Rhizosolenia bergonii * % *
Rhizosolenia calcar avis * * *

Rhizosolenia castracanei % #
Rhizoseclenia clvei

Rhizosolenia cylindrus
Rhizosolenia hebetat f. semispina
Khizosolenia imbricata

K. imbricata v. shrubusclei
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 nitzschicides
Thalassiosira anguste-lineata

E )
w O

3 % % % % ¥
.ﬁ.

%
*®

¥*

%

2% W I W OSE S W%

X E 3

O W I 3 3 I M SF 3F 3 3 O S M N ¢ O W MO N B WX MR NN
O 3% W W W 4 %
%

<
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Appendix 4. continued

Month \ Dec.1993 Aug. 1994
Species
Transect\ J B J B
Thalassiosira bipartita * % %
Thalassiosira diporocyclus % ¥
Thalassiosira eccntrica b 3 %
Thalassiosira intrannula % X
Thalassiosira leptopus S X X
Thalassiosira Iineata £ 5% &
Thalassiosira pacifica %*
Thalassiosira punctifera ¥ *
Thalassiosira punctigera B -
T. sackettii f. plana * %
Thalassiosira subtilis * *
Thalassiosira symmetrica % *
Thalassiosira tenera # *
Thalassiosira sp. * * x *
Thalassiothrix acuata % %
Thalassiothrix gibberula * % %
Thalassiothrix heteromorpha L %
T. heteromorpha v.mediteranea 3 *
Triceratium favus % i
Tropidoneis lepidoptera * 5t
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Appendix 4. continued

Cyanophyceae
Richelia intracelluralis
Trichodesmium erythraeum
Trichodesmium thiebautii

Chrysophyceae
Dictyocha fibula
Distephanus speculum

Dinophyceae
Amphidinium longum
Amphisolenia bidentata
Amphisclenia palmata
Ceratjum 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
Ceraftum [imuius
Ceratium lineatum
Ceratium longissimum
Ceratium lunula
Ceratium lunula f. brachysetos
leratium 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 polygramma
Gonyodema polyedra
Oymnodinium viridesens
Gymnodinium spp.

Orni thoceros cerrasus
Orni thoceros magnificus
Orni thoceros serrasus
Ornithoceros steinii

Orni thoceros thumii
Oxytoxum gladiolus
Oxytoxum reticulatum
Oxytoxum tesselatuw
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
Pvrocystis pseudonotiluca
Pyrodinium sp.

Kinetophragminophora
Mesodinium rubrum
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On the Origin of
the Tsushima Warm Current
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On the origin of the Tsushima Warm Current

Heung-Jae Lie and Cheol-Ho Cho

Physical Occanography 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 cach season, and
CTD observations aliow identification of warm and saline TWC waters. The results of
the experiments argue against two historical concepts of TWC origins, i.e., (I) 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 100150 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 Korca 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
accompanted 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 drifier paths in the northeastern ECS and coexistence of
cyclonic and anticyclonic eddies in the trough during the cold seasen.

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 Kuroshioc 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., Kondeo, 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 Kuroshic 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.

Paper number 941C02425.
0148-0227/94/341C-02425505.0H)

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 1a). 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 sateliite 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 [Beardsiey
et al., 1985; Fang er 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. Schematic circulation patterns in the East China Sea. (a) Nifani's [1972] theory and (b) the

theory of Beardsley er al. [1985].

Seuny and Nam, 1992]) and of simple baroclinic numericat
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 varabilities on the shelf and shelf break of ECS.

There are a few papers dealing with the physical charac-
teristics of the TWC water. Hult [1982], on the basis of
sateilite infrared images, suggested cpisodic 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
modificd 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 [Fchiye, 1984).

Due to insufficient direct current records and hydro-
graphic data observed simultaneously, the origin of TWC
and its physical characteristics have remained unctear, al-
though various suggestions have been proposed. TWC is a
key to understanding the circulation of ECS itself, the
Yeilow Sea, and the East Sea, so that we need to collect
direct current and hydrographic data to establish the forma-
tion and forcing of TWC, and its main path with seasonal
¢hange. 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 Veiocity Programme and was conducted three
times in 1991 and 1992 west of Kyushu, where TWC pre-
sumatly separates from the Kuroshio. CTD castings were

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
1991-1993 by the Nagasaki Marine Observatory in Japan,
was consulted for synoptic hydrographic features, especially
in the coid 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.

1 \ * T

CTD Sts. -
= JUL. 1881
1 = AUG. 1881 | -
1 APR. 1962 | -
o NOV, 1992 |

36N

124 -

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. K8, TS, and TI denote the Korea Strait, the
Tokara Strait, and Tsushima Island, respectively.
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Description of Experiment

In order to locate the possibie 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
fioats), 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 § 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 logated 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 (5) 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
shorn enough to resclve 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 |26°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

Neit Brown CTD (Mark 1IIb 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 I 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 direcied toward
Chejudo in summer when flooding occurs [Beardsiey er 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 Qceanographic 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 K8§, isolines in general were inclined downward
toward the Korean coast (Figure 3¢} and a strong seasonat
thermocline separated the upper layer from the lower one.
Fresher water (S < 32_0 pst) 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 Duraticn,
Number Deployed Latitude Longitude Depth, m days
9728 July 17, 1991 32° 127° 124 63
9729 July 17, 1991 iz° 128° 166 106
$727 July 17, 1991 YA 129° 821 17
2031 April 17, 1992 32019 127° 112 54
2032 April 17, 1992 kg lig 128° 143 145
2033 April 17, 1992 kpa i} 129° 466 184
11010 Nov. 18, 1592 - 125°30° 63 24
11013 Nov. 18, 1992 3r° 126°20° 8l 181
11012 Nov, 18, 1992 31* 127°10' 110 83
L1 Nov. 18, 1992 i1° 128° 210 102
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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 § (>>34.0 psu), although the CTD observa-
tions in the western channel of K8 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 (called the Cheju
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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. [t maintained its direction for several days, crossing
the northern wall of the deep trough at about 25 e¢m 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 [
inside the deep trough moved southward slowly along the
Kyushu coast with a relatively fasier speed of 10-20cem s ! in
waters 300-400 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 em s ™', crossing isobaths.

Trajectories in the trough west of Kyushu might suggest
the cxistence 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 whetker 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
[Qin et 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
castward flow along the northern slope, and a southward
flow on the right side.

Surface drifters in summer did not indicate the TWC
fransporting saline Kuroshio water toward KS, since
drogues were located at 15 m in the surface {ayer of fresh
water. However, the current velocity in the lower fayer 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 em 5=
between the drogue center and the salinity maximum layer.
Drifter 728 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~ !, [n 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 et al., 1984;
Mizuno er 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 coaditions 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 Sb and Sc). Low-salinity
water appearing widely in the surface layer in summer
completely disappeared due to u 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
faunch,

coaslal stations. Thus we see the saline Kuroshijo water over
a wider area of the eastern ECS. Surface water cooted 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 5a). 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 bortom 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 ! 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 1o east
two days after release, crossed isobaths of the northwest
wall of the trough with a relatively high speed of 24 c 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 wail,
switched its direction to the south off the coast, and then
moved down with a speed of 30 cm s ' along the coast to

_456._..
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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 shelf 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
clock wise rotating circulation in the northern trough, similar
10 the summertime one, aithough the current was a litile

slower than in summer. Saline water transported by south-
ward flow along the Kyushu coast must be compensated
mostly by a nerthward 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 ¢oast north of the northern wail of
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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 carly spring, when the winter monsoon
prevails, a thermohaline front is formed parallel to the south
coast of Korea on the shore side of 4 line connecting
Chejudo and Tsushima Island (T 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 al., 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 XS. T und § 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 arcund 7090 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 {ower 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 ¥), 7 and 5 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 T (>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 § 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 S, and Kuroshio water of high 7
and § around Chejude (Lie, 1985]. The thin lower layer on
line B and in KS was occupied by cold and u little more
saline waters, Vertical structure of 7 and § in KS (Figure 7¢)
demonstrates @ good contrast of seawater properties be-
tween the western and eastern channels. The upper laver 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

124

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
symbois, and arrows are placed on trajectories every 5 days
from the launch.

was no fresh water in the eastern channel. The scasonal
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 floal moved eastward with a
very weak mean speed of 3.4 em 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 15012
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
[sland 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, taunched at 31°N, 127°10’E, moved north-
ward with a speed of 10 cm s ™! before being picked up by a
tocal 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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& 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 daity mean speed
was recorded at about 90 cm s !, comparabile 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 Cenclusions

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
cerner. Four drifters crossed the thick line southeast Chejude
on Januargf 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 fiow 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

.__4&)_
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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 wulter 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 intermitiently 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 Tajwan Strait is found to be less
saline than TWC water entering K8 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 [Beardsiey
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,

[t 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 different 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 meore
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 K8, the
drifters were shifted eastward from Chejudo and flowed into
the western channel of K8, 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.,

Ceexistence 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., 1950;
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 fack of abservational 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 arcund 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 sheif
west of the trough, which transported the saline Kuroshio
water toward K8, 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 sheif and strong on the sheif
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 nerth around the scuthwestern
trough. After separation, a part of the northward current in
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shullow water 100-150 m deep continues to fiow to the north
and another part near the shelf edge turas 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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