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SUMMARY

I. Title

Study on the Ocean Circulation in the Western and Middle area of
the East China Sea (first year)

II. Necessity and objective of the study

1. Necessity
a. Providing ocean policy data for management and utilization of the
economic exclusive zone of the East China Sea (ECS),
b. Investigating ocean current and circulation for environmental prevention,
fisheries, and exploitation of marine resources in the ECS,
c. Clarifying major ocean processes of the ECS related to ocean circulation
of the Yellow and South Seas.

2. Goal of the second phase study (1997-2000)
Study on major coastal ocean processes related to the ocean circulation in
the western and middle ECS. ‘

Major items

- Origin and route of the Yellow Sea Warm Current,

- Eastward extension of the Changjiang freshwater plume and its
dynamical processes, :

- Exchange of seawater and materials between the southern Yellow Sea
and the northwestern ECS,

- Relation between oceanic fronts and material transports.

3. Main purpose-of the first year study
- Interdisciplinary oceanographic survey in winter in the western and
middle ECS.
- Local survey in summer for extension and impact of the Changjiang
freshwater plume.



M. General scope of the study

1. Interdisciplinary survey in winter
- Survey area: the western and middle ECS
- Major items: CTD, current (satellite-tracked drifters and ADCP),
dissolved plant major inorganic nutrients, primary production, plankton
- Observation periods: March 1 to 10, 1997
- Vessel: R/V Onnuri of KORDI (1400 ton class)
- Survey group: four teams (physics, chemistry, biology)

2. Local survey in summer for Changjiang plume
-~ Survey area: northwestern ECS between the Changjiang estuary and
Chejudo
- Major items: CTD, current
- Observation period: June 7 to 13, 1997
Vessel: R/V Eardo of KORDI (350 ton class)
- Survey group: one team (physics)

3. Local surveys around Chejudo
- Survey area: Cheju Strait, western and eastern area of Chejudo
- Survey items: CTD, current
- Observation periods:
in the Cheju Strait' monthly surveys from January to October, 1997
western Cheju area: July 21-22
easterm Cheju area: February 22-23 -
Vessel: Training ship, Hanla (200 ton class), of Cheju National Univ.
and two other boats
- Survey team: physical oceanography team of Cheju National Univ.

4. Processing and analysis of oceanographic data
= Quality-control of data
- Basic processing of data collected in 1997
- Analysis of oceanographic data

5. Holding a workshops
-~ Name: Circulation and air-sea interaction in the East China Sea



- Host institutions: KORDI and Second Institute of Oceanography, SOA
- Purpose: Hujiashan Hotel, Hanzhou, China

- Period: October 3 to 5, 1997

.- Participants: 25 scientists from Korea (9), China (15), Taiwan (1)

6. Paticipation in international programs and reginal cooperation
o International cooperation: the World Ocean - Circulation Experiment
/Surface Velocity Programme (WOCE/SVP)
0O Regional cooperation with China and Japan
- Second Institute of Oceanography, SOA, China : Information exchange
of research activities (Professors J. Su and Y. Yuan)
- Kagoshima University, Japan : joint deployment of current meters
(Professor H. Ichikawa)

IV. Results of the study

1. Current measurements and structure in late winter and early summer
(1) Experiment of satellite-tracked surface drifters
- Release of 13 WOCE standard surface drifters in early March, 1997 for_
the wintertime current field in the western and middle East China Sea,
- Release of 8 surface drifters in June, 1997 to examine surface current
field between the Changjiang River mouth and Cheju-do,
(2) Major results of the drifter experiment
a. Flow around Cheju-do
- Northward flow in the western area of Cheju-do turns to the northeast
off the northwestern coast of Cheju—do,
- There is no direct evidence of the Yellow Sea Warm Current flowing
into the Yellow Sea,
- A southeastward flow was observed along the northeast slope of
Changjiang bank.
b. Flow in Changjiang estuary
- There was no dominant flow in late winter, but eastward flow in early
summer over the Changjiang bank,
- A northward flow was observed in the valley off the Changjiang River
mouth.



c. Flow in the region of Taiwan Warm Current
~ Drifters, released in the outer shelf of 78-86 m, moved northeastward
on the shelf and then eastward south of 29.5° N,
- A northeastward flow was observed along the 100 m isobath.
d. Flow over the shelf edge
- An eastward flow at about 25 cm/s was observed in the Kuroshio
frontal area.
(3) Current observations by ADCP
- Observing current field in the western East China Sea in early March
1997 by ship—mounted ADCP
- Observing current field between the Changjiang estuary and Cheju-do in
June 1997 by ship mounted ADCP
- Collecting data at 8 m intervals for the survey March, and at 4 m
intervals for the survey June,
- Detiding tidal currents in observed ADCP data by five major tidal
constituents.
(4) Deployment of current meters
~ Three current meters were deployed in the branching area of the
Tsushima Warm Current on board of R/V Keitenmaru of Kagoshima
University, Japan
~ The mooring system will be recovered in March 1998,

2. Dynamics of the Yangtze River Diluted Water
(1) Necessities
- It is necessary to investigate dynamics of the northeastward turning of
the Yangtze River Diluted Water in summertime because a profound
influences are exerted on the ocean environments in the Yellow Sea,
South Sea of Korea and the East Sea.
(2) Objectives
- Numerical modeling investigation of the dynamics of the oceanic
circulation induced by the fresh water input in the coastal ocean.
(3) Scopes of the study
- Investigate the ocean responses to various conditions in an idealized
model basin

—14—



(4) Results and Suggestions

We have performed a numerical modeling study of the development of the
oceanic circulation induced by the low-salinity river outflow. A coastal
current along the coast south of the river mouth and an anticyclonic
circulation just off the river mouth are all well reproduced. To investigate the
dynamics various conditions are applied and changes in the oceanic responses
are studied. In most experiments including the control experiment the angle at
which the river outflow leaves the river mouth was east in the early stage
but later it has changed to northeast. The outflow angle changed to further
northward when the bottom has an slope and a northward flowing current
has developed over a considerable length of the northern coast. There was
also a little shift to the north in the outflow angle when the river discharge
was small in contrast to large river discharge case. Other experiments were
also performed with different conditions like with stratification in the ocean
and higher salinity of the river water, etc.. v

To investigate dynamics of the northeastward turning of the Yangtze
River Diluted Water in summertime we have performed a numerical modeling
study of the oceanic responses to the low-salinity water input in the
simplified conditions. As a next step, other conditions such as vertical eddy
coefficients, width of the river mouth, wind, mean current, tide, temporal
change in the river discharge, realistic geometry and bottom, etc. will be
included. Also, observation data including the satellite images will be needed
to be collected and analysed.

3. Surface circulation of the eastern East China Sea.

Surface current pattern of the eastern East China Sea (ECS) was
constructed by analyzing trajectories of 58 satellite-tracked drifters released
during 1991-1996. Composite trajectories and 20'-by-20’ box-averaged current
vectors show that the surface circulation composes of three basic currents
such as
1) The Kuroshio, flowing northeastward along the ECS, turns eastward

toward the Tokara Strait west of Kyushu.

2) A northward branch current is separated from the Kuroshio in the
neighborhood of the Kuroshio turning point and enters the Korea Strait.
This branch current is suggested to be named the Kuroshio Branch
Current (KBC) rather than the Tsushima Warm Current in the Korea
Strait.



3) An anticyclonic circulation exists in the deep trough west of Kyushu. The
experiment does not support the theory that the Yellow Sea Warm Current
is branched from the KBC.

4. Physical properties of sea waters

The study of the second stage has purposes of investigating properties of
sea waters in relation to the movement of the Yangtz River diluted waters,
the flow of the Cheju Warm Current, the extension of the Yellow Sea Bottom
Cold Water, and the northern limit of the Taiwan Warm Current and
understanding physical phenomena which govern mixing processes between
various water masses. For this, the region between Chejudo and the Yangtz
River which is a geographic boundary between the Yellow and East China
Seas is selected as the intensive survey area. In the first year of the project,
two cruise were carried out! to observe the synoptic distributions of physical
properties of sea waters in the northwestern East China Sea and to make an
intensive survey in the region between Chejudo and the Yangtz River by
using the R/V Onnuri in March 1-10, 1997 and by using R/V Eardo in June
7-13, 1997, respectively. The obtained data reveal the distributions of the
various water masses which govern sea conditions in the late winter and in
the early summer, and it provides a key to describe the annual variation of
the low salinity waters. The low salinity waters originated from the Yangtz
River and the northern Yellow Sea in summer flow generally toward Chejudo,
but parts of waters remain in the region between Chejudo and the Yangtz
River through the winter time and move to the eastward in the warm season
of the next year. This implies that the length of stay of low salinity waters,
i. e, the turn over time, is six to ten months, and suggests the upper limit of
the time for the movement of land originated materials from the Yellow Sea
to the East China Sea or the East Sea. Small scale structures appeared in the
data observed in June provide an important clue for the mixing process and
for the mixing zone. It seems that mixing between the two water masses
depends more on intrusive processes than processes along with small scale
mixed layers due to localized turbulent mixing, and this suggests the
direction of future works in relation to mixing dynamics.

5. Inflow of Changjiang Coastal Water and the circulation in the
adjacent seas of Cheju Island .
The route of the Changjiang Coastal Water and its influences on
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oceanographical conditions in the adjacent seas of Cheju Island, the path and

appearance time of low-salinity waters and the seasonal variations of the

currents in the Straits of Cheju are studied by analyzing salinity distributions,
tracks of Argos and TGPS buoys, and moored current data. The results are
summarized as follows.

1) Lowest salinity core of the Changjiang Coastal Water, started from the
mouth of the Changjiang River, continues to the South Sea of Korea via
the western sea of Cheju Island and the Straits of Cheju. v

2) Low-salinity waters influence on the surface layer in the adjacent seas of
Cheju Island from June to November. Waters with salinity 32.20%, appear
in the sea during July - October, and occupy the surface layer 30m thick.

3) Surface currents in the Cheju Strait were very weak with speed of
53-119 cm/s in February and April, while the currents in June and
August were 2-5 times stronger. Dominant cwrent direction was
eastward and north eastward.

Surface buoys, released within 6 miles away from Cheju coast, did not
move out of the Cheju Strait, possibly blocked by the existence of a
tongue-like distribution of saline water in the eastern entrance of the Cheju
Strait. In a narrow coastal area between U-do and Cheju-do - where the
tongue-like pattern appears, current structure is very variable and
complicated. In winter, current is stronger near Yeoseo-do in the northern
Cheju Strait than in the central strait. h

6. Distribution of biogeochemical properties

The concentrations of dissolved inorganic nutrients and dissolved oxygen
in the southwestern parts of Cheju Island are obviously higher than those in
the Kuroshio region. The concentrations of dissolved oxygen and nutrients in
the shelf are vertically homogeneous.

Temperature and salinity of water are. negatively correlated with the
concentrations of dissolved oxygen and dissolved inorganic nutrients. In
general, the Kuroshio water contains low dissolved oxygen and dissolved
inorganic nutrients contents, while coastal waters including the Changjang
Diluted Water contains high dissolved oxygen and high dissolved inorganic
nutrients. Therefore, the mixing among the three end members, the
nutrient—-poor Kuroshio, the nutrient-rich coastal water, and the mixed water
between the Kuroshio and coastal waters, controls the distribution patterns of
dissolved oxygen and dissolved inorganic nutrients in the East China Sea in



March 1997. Also, photosynthesis and respiration processes slightly modifies
the characteristics of the water chemistry in the East China Sea.

The activity of ®Ra in the surface waters was higher in the coastal
waters adjacent to the Korea peninsula and Chinese continent (>0.3 dpm/1)
than those in the shelf break of the East China Sea and in the eastern
channel of the Korea Strait (<0.2 dpm/l). The distribution pattern of Z*Ra
activity was similar to those of “®Ra. There was an inverse relationship
between “?Ra/”Ra activity and salinity. The ®Ra/?°Ra activity was about
twice higher in the Korean and Chines coastal area (1.61 ~ 2.12) than those
in the shelf break of East China Sea. Assuming that the decay of *2Ra is
negligible during mixing and transport of sea water, about 11~41% of the
South Sea Water of Korea was originated from the shelf water of the East
China Sea and the Yellow seas.

7. Chlorophyll distribution and photosynthetic properties.

Vertical structure of chlorophyll-a was investigated at 113 stations in
March, 1997. In addition, 38 P-I experiments were made to measure
primary photosynthesis parameters such as q, PmB, and Ik

The value of a ranged 0.0041~0.169 mgC/mgChl-a/(ME/m?%/s)/h and that of
Pn.° ranged 1.817~246 mgC/mgChl-a/h. The value of I ranged 89.8~306.4
PE/m%s. These photosynthetic parameters, in general, showed similar
values with the spring of 1995 results except that P.® values were
slightly higher.

The observation period was earlier than the typical timing of usual
spring blooms. It is, however, interesting to observe there were local
blooms already going on. These early local blooms occurred at three
frontal zones where two different water masses met and where the
low-salinity continental shelf water mass spreaded over the high salinity
water at the surface. The frequency and duration of such local blooms are
of interest.

The measurement of the in-water optics was attempted for the first
time. However, only 4 profiles were obtained due to the instrument
malfunction and shiptime limitation. The calculated spectral downwelling
diffuse coefficients showed the stations were case 2 waters. Further
studies are necessary for absorption of CDOM and SS to develop
appropriate algorithms,



V. Conclusion and suggestions

This report is the first-year report of the first phase study on the ocean
circulation of the western East China Sea (ECS). The report includes research
activities and results conducted during 1997 in the study area of the second
phase. The study was conducted by an interdisciplinary study group
composing of various teams in ocean cwrrent, oceanographic properties
(physics, chemistry, biology), numerical model for the extension of the
Changjiang fresh water, and in circulation around Cheju-do. The project has
been part of the Korean program of an international WOCE program. One
time Interdisciplinary survey was done in March 1997 in the study area of
the western ECS and one time local survey was done in June 1997 for the
northeastward extension of the Changjiang fresh water toward Cheju-do.

The study was focused on understanding of major oceanic processes,
especially for the Kuroshio Branch Current as a principal current of the
western ECS, the Yellow Sea Warm Current, and the extension of the
Changjiang fresh water. On the other hand, we constructed a surface
circulation of the eastern ECS by synthesizing all drifter data collected during
the first-phase 1993-1996 and distributed the circulation map to Korean
oceanographic community. Also, a simple model experiment was launched to
investigate the extension of the Changjiang fresh water. During the
second-phase, major oceanographic processes, necessary for the circulation
dynamics of the western ECS, will be investigated by conducting
comprehensive field surveys and applying sophisticated analysis and
performing elaborate models.
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Table 2-1. Information on the satellite-tracked surface drifters deployed in
March and June 1997.

L.D. number Date Releasing point Water depth  Center of
of floats deployed Lat.(N)  Long.(E) (m) Drogue (m)
28697 Mar. 4, 1997 31" 2549 1237 1427 42 15
28698 Mar. 4, 1997 307 40.12' 123" 2507 54 15
28699 Mar. 4, 1997 29° 2039° 123" 1519’ 66 15
28700 Mar. 4, 1997 28" 57.86" 124° .19 78 15
28701 Mar. 4, 1997 28" 4753' 124" 4013’ 86 15
28706  Mar. 4, 1997 28" 4246° 125° .05’. 100 40
27511  Mar. 5, 1997 28" 5090° 127" 635 452 50
28711 Mar. 5, 1997 29° 387" 126" 1501’ 103
28712  Mar. 6, 1997 32° 004" 124° 743 43
28702  Mar. 7, 1997 32" 1845’ 125° .36’ 51 15
28703  Mar. 8, 1997 = 32° 39.77" 125" 3604 90 15
27512 . Mar. 8, 1997 32° 39.77" 125° 36.04’ 90 50
28707 Mar. 9, 1997 31° 5255 125° 2544’ 59 40
28719  Junell, 1997 31° 5750' 122° 4253’ 29 0
28721  Junel2, 1997 32° 1535’ 123° 2563’ 35 0
28713  Junel2, 1997 32° 2949’ 124" 08.69’ 39 15
28720  Junel3, 1997 32° 40.09° 124° 3750’ 53 0
28718  Junel3, 1997 33" 07.15° 125" 50.82’ 104 15
28714  Junel3, 1997 33" 01.04° 125° 34.80 85 15
28715  Junel3, 1997 33° 01.04' 125° 34.80’ 85 50
28716  Juneld, 1997 32° 5593" 125° 18.80° 87 50
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Az ATAN o5y TN ¥ AR AFE AE FT& T
g2 498E Aos THAA & FAUHE FAZ AYAA g1 AFE A
g Bold AFNYeE BAYAE Ao YEHR Yok AFE HF o
Aol AFHPez Sohirte BB EAWTA A= AYstE 28
& 23t o 42U 54l AUt olF Fohrs] Astel 3¢ 79Ul YA
5 BAZ AR $4 50-90 mo] 49)e) RO & Fatataich (1Y 2-2)

4 00 m2 WILA Ve Tol AT W S2lE 43 HFY 585¢
ZAe7] A8 BASA 15m S 0 m T de $olg BA Fasgow ¥
A+4 50 m 9 Fo] 5125 FaE 2UE Reo] $4& Fustdn TAS
M 15 m 9 o] 28703¢ F3E A 64 % 10 om/s FEE MBARHG
739 1597 WEos wag wio] o 1097 FARE BAZ SRAME
Hzad dAsdch ¥ YT H4L 20 cm/s2 WEH w2 oFsgon
NF FARE SN NELZ o|Fdd P YT EYF F 49 204
AREE gatsitrl 49 259 A7 48 Feadt

FA7E BAY $4 51 mol Fahd Fol 28702= e 1097 AAYLL
£ =t BgAT 99 A4 13F 39 BHH FTHS 3 cm/soldte) we
# £E2 SASA FAZHE WY F 49 d&olM 64 FEAA AFE
4= 315 N, 1263 E #9014 AAAAT 69 14 oF Yot B
A%, 69 2097 100 m S5A4E Fahate] vishaFol FFH 10-20 em/s
9 £E2 AFE GEAX B4R F ATE GAHGE AU ANy A7
A4% 79 69 AR $4¢ FodT AFE FAHGAN HER f&L
20 em/s o140l FEez AWSHUA HA WA dBAPYTFANNE
50 cm/sel @atslct.

ZA4A 40 mQ 3ol 28707¢ FARH X 54 5 mol FaHHYEd ¥
3% 202 A2E UG B2V TS BBAS 84 cm/se) E2 @
N2 stk

AZE GHZA Fahd o] 287039 AMo] Mg 6UT AHMY ¥ AL
o U2 Fohe 580 EAY HNE BAFIE S olF BFoz 3
T wE ALZ Mol ol @ BF] FH PN A&Hez AWIAE @
t Aoz wuny FA%H B2 54 51 m 59 mol FIHE T i) 3ol



AR A *giiiﬂ E o A2EH $F 50-60 m F2de 3F¥ & 35 %
e 550 EAFE BAFEH.

(2) A% FFHAAA9 B E

G ANTE TFY FTUASAAFY 3852 A7) A8 39 4-6¢
of FAZE e Fol 2ul, ¥ dFHd FAEH e AL F 47 19
8 Fol& FIH3AH (¥ 2-3).

Z 5% 4 42 mi 533 Fo] 286972 FHAY SANA WET 3¥ 19
Y T oJdd EYHJUY. FAREH FTIF FA 483 mdl FIHE Fo] 28712%
o 2714 ARE FASASH EFAY AFE 29 PR MFoz o]FFH
Aoy FARE FIFE HojuA R FAZ AT FIEE F 4T
T3 Fo] 286982 HA3thl 3 8Y F< 39 129 FF oMol X HHo
o o4 58& #FT F YUk W 19969 F YT T3 Fox &
BTt FARE 3% 2 Edd 22 F o oY APFHR Rin B3
d AFE - AL Heo} (o] F, 1997) FAF AT F FFee BAEHE
550 €A Aoz wddo

AFE GAAge T3 Fo] 287039 olFAAFA &4 =AL ¥A%F
THAMY 5L FHAE FAZE FRAME g NEFIE S A
o2 AAE 535S Eoln FAZE FF F AFdAAME BEFHE 59
EA& o] B¥FE FAZEHAA A&HAE g€ Ao wod

(3) dvbd 7oA 55

et 5EZe FFTE FF dEFEo AR divkdFot ojuzx B43
A 23 ojHE B2 mx YWleXE A Y84 39 49 Fgd
#F5A Me w2 4 66 - 100 m Ato] o) d§F44] 4019 Folg FFH3Aot
(29 2-4).

FE ALFY +£4 66 mol FHF Fo] 28699= FI thed Ay $AE
FEsd 558 B4 5 YA F4 78 mo T3 Fo] 287008 FIHF
AL 99 FERE ¥ 5 cm/s2 HEFASHTYIE o] F 104U 293" N, 124.2°
E F¥AA AAY F 39 2569 ¥EHE 10-15 cm/sY ¥z wE £52 3§
et 49 5973 4 100 m7HA =2 F HEFoz 93gE upFo 100
m §THNE @ 305" N7AA 5433t 58 2 EHE F5U4E vaF
8 7t233 HEFJ3Y Fa AF 29 FAYY 23 F an AL L4E
of ¥ EFF AHE a8 FEAEHA F FANYE AYT F 7w A
< W 58 RELE Aol AU gy T A, Fa 5 @

A

— 66—



< e 55359 A2 AYSHA

T4 8 moll T3 Ho] 28701 YZo F3F Ho] 287007 FAMF #HFH
& 1239 EFAdtir} 39 279 A8 $4L Fosdsd ¥o] 287000 3¥
ARREH FEASY 28701 YR FHELE AU AL A2 o)F o o4
B4R %S o= dddn.

FZ9 4 100 moll F3H3 Fo] 28706 (ZHAFA 40 me 5544 ¢
2 55239 49 79 30.7° Nejl o238 =gXMvtel EYHA}. F3F 10Y37
A FHE YU¥o] HIFES A¥Ed AL 10¥937%e 65 cm/solyn 39
15-249 FH& 85 cm/s, 39 24Y - 49 3Y7AE 183 cv/sE BAEAAN A
2} BEo] #elxlon olF FMute EIHI A7A UL HIFFEL 242
cm/sol el o] Fol= 4¥ 10Y AFE-REYE Aol AHE3E HAY=dH A
53k F oF 209 E<F AT} AF FHAM HEFF AFE 29 AALD A
2 e 549 1498 F339 59 8¢ iy AFHd =43 T 44
€ T FAF T FIEFEL 155 cn/soIU T

ol #&AAE FHIY =AL-ZEY FFFd FF F4 78-8 mE
A= ddiE 295 N ojdeoy T&o2 wavrl ¢4 100 m ¥22=2
olE3th AUF Ty Fol2REH A8E AXE EIHIoY FAF FF
e FoA FAse ZES AZH B u A% H REE7A 54 E 2E
o] EAY 7IsAel 2tk 100 m TFAHAE T 5FR e &L Fw A
o) 44 100-200 m Abolol A HEaE= dinfdFo FHFY sENE B F
U 19949 9453 AFNAME 100 m SFHAE g GMRE AE=
(o] &, 1995) o] ¥ 5&o] vj$ EJFES & & doen ¢o=E F ¢

#50] gasidg.

58 32
do £

(4 dAEEGHdM9 5 &

FRALY dEETEHAMY TES ¥7] 98 3¥9 59 AU NF &
29" 2o RIS 2019 FolE FIH3AT (2¥E 2-5).

vz S8 4 103 me EZo F33 Fo] 28711L AFIHE Holy
TR 27U F FAHAFEE A 39 309 F B9y JtaAv o=
AP F3IAY £, 98 BEEXE Ty B39 FEd AMo) &4
g B EY e FF5FPE AFE F2ALY dFESF Alolg AM G
A B FEAI9 AWM ALY (frontal meander)d VYUY o2 A4
T Ut olF HAAE AAZ] AwEY FAYLEF] L o 90 km o] IFL
60-70 kmPAE2 F3}F AZ 10¥879 HEFEL 35 cm/s oA FFHIFS
2 o) HTEEE 266 cm/s Atk FolFH oz BEY AN AHYY olF &



£ Sugimoto et al. (1988)# Qiu et al. (1990)0] A4 FEZAL AM HF9
A& = 20-30 cm/s9t YA e}

HEAHEY F4A 452 mol F33 Fo] 27511 (A4 50 m)e A 543
HIFHSE 256 cn/sE2 HEAdYI FF o2 BEE uiHo] wE £x2 =7t
2 sPe & wAUR FFARE A A MAYsL] AR FF RS
< 826 cm/s °I1AHt. E7tEt AP S WAUD Fole erust FF 277 -2
N, 131° -132° E si9olA 53] "X A ASEe] L8850 #FHL 2% 5
2 2&7 27U 4 Aol AY 27U F2 AAJT F FRAL9
FFH9 oF 40 cm/s9) £E2 EEFNEHY =7ty e oAl wA Ut
= Bold AFHE B e/us FFY £ 84E019 FEE 70-80 km FE0]
o HE Frl= F 54 oAUt

0. 248 427

W\

Ch

rJ

(D) AlFx FHgMY 3 &

AFE GAHZE ez dFdgE T FAFA dA2sdE 4 85-91 m Alo] 9
Al 2o 649 13-14Y 4ul9) FolE F3adt. FHAH L AF: FAAge =
By SA74E Zo2 Z42Z} 34 km, 60 km, 87 km AE "ol Ro= AFE
AAFd = EMFAH 15 m FolE, ¥AZHEF AHPANE E/HFAY 50 m Folg
T n 7ted AHAE 4E3H 3 FETFRE 2SI A BAF
A15m950m F g FolE FA F AT (2¥ 2-6).

ATz QXA F 34 km AR 4 91 moll F&F F-o] 28718& AL 5
A7 EFEIAF 5EF5FoE BFgE uFo] AFHY MEITHAE AY AF
e FHUA BAHdAY. 259 AVle T35 AL 597 B 64 cm/s
2 oy AFHAY AF AFHAXE o 20 cm/sE 3u) o] A AL A
FHY TZoz MAYY w9 #4& 30 cm/s ol EIAL AFHPE
SH3E F¢9Y HFAELS 94 30 s oA AFHPE T/ F Fols
A&FAsS g@lye HF-EE 5339 FH= AYsA.

AFE QAo 2HEY o 60 km BolR Fo| F3hek ¥-o] 28715 (FNF4 15
mE 533 947 HFFS 38 cm/sE BEAAFY 69 23U AFE MEB
70 km ¥} E2F F EFZFoZ B uFo] AFHY NFE AYHA
AFE AMFE Ho| 27183 v =3 A& FANY AFHFE FHAAAG. Al
FHY BEMNZANN HIFFEL o 87 cm/sE AFE FAEGA HAN F b
B} 29 ol FUIE AT AFAYPS AGFE dgHY TGN HIERE



€ o 20 cn/s2 FASHHAN Wx Ztsigch 2L AKX $4 50 m Fo
3 o] 28714 BAsthrt 649 18U AESANE FEAAL £ £ AL 5
d 5% 15ms 50m F 9 58 HRSHA FFHELS 2 34 e, 60
cm/s Ol T8 FFLS FFAF A2 326 4 2° 2 50m 20 I5m &
o H& $4&L FAARL FFE ANAWYEo D 33" WYY 58 FZE HAT

AZE FHZ F 87 km YA ol £33 Fo] 28716 (TAFA 50 me
NALES) e 48 2t} $a 49t 2gMute YUY, A= B
e Role) B&7|z0] FolH ol RN 5EL FFE ¢ & Yo AFE
E Solrt: 389 Ze 287159 AAL 7FoE W AFE GABNE
oF 60 km o|ol@ MZAXNE o 70 km o]Fol® AE#HPo) A= 40-50 km
Az Z& et}

(2) ¥ g3 AFE FMHYG Aol B E

AT FFol T 29E A AqMFY AFE AHEI] s
69 11-1399 FAZ-AFE A9 F2A7ZE g ZAFA 0 mQ) Fo] 3
s} 15 mQl o] 1o, & 4he] FojE Rt (2¥ 2-7).

G} PTG A 29 mo] FEHF Fo] 28719= BAEASTIL £ 4Y
3 zgAutel TYEYPY VS D BUe) FF $45E 136 cm/sol ATk A}
75 ZU4R F4 35 moll FiF Fo] 287218 F3FE BF Y AFL 19
o B89 79 19 FAZEHE 71238 79 69 AFE FMEY 326" N,
1258° E o} E289th HF SAEEE 113 cm/s oW FAZE AR e}
UAZEE Hojd olF HF FALEEE 4 84 cm/s, 22 cm/sE YAZHE
Yol d o]F &7 3243 welich HE3E% AFL FAAHE HoluuA
Hoelx gttt olF oFHAHEL BYA AAWFLE 3o EFoE sz=ET
BEFA89 79 12¢ AFHP AYHAR AFE 4¢e @ AFE FEHE
Eooz oy AFAPANY FFHEE 292 cm/s ot

FAZE S5Y F4 39 mol FEHI Fo) 28713 (EAFA 15 m)E dZFd)
F33 Fo] 287199 o] ¥ARE M HERIe AFL 29 T, 69
n4 FAZES oy A& TG 79 8Y AFE FAE 323 N, 1258
E Ao =23t g7 54 £55 70 cm/s2 ¥ 50| (29721)E =3
t} o]F9 olFEHAAFL F o A¥HEY 8¥Y AE7A 32° N, 126° E FHAA
WeETrt GAXEA 89 T FABEHY FF F9Y F£4 0 m FId =
23F 0¥ 109 71X W RE B, A, BEEA 90U 289 AFE G
329" N, 1263 E 74 B4 % AFE GHAZNA BF-gA Loz R
PR WA AL BLAAHE 23F FEIEA 119 1Y AFE ¢F 323



N, 1267 E %273 datsisl debdfel 583 §R5d deagzes
2535
FARH) FHE Al Fa E3Fo| 287208 TN Faa
6del $4¢ FusAT BE/|VEAY FF FASEE 11 em/s oA
3 #& FhE FYAY FT AVEA QXL B B4R 3Fo)
A FAFH ANNE HERFS] ARE 2N AFEROZ Yo 58]
ZARY FARH FE AFE AGaAdoNE s8] g BFIs] TR

35E BolA =

A 44 ADCPd 93 H&£3=

7h AR8E 2 AU

19979 =AE € 1-10)F 29F 6¥ 7-139)d AN 2%3E (3¥9)
o} oloj= & (69)9 FEE ADCPE o439 CTD #&4& wel 38 3L
A&H oz ALY AL B5HYL BF5Fd FTAYGY F9a AN,
2AFde FAF-AFE Aol FRaHo)n ZAMAC] FFHAE ue T4
AZtE 29 2-8% 2-99 EAEATE BSHGY o) 350 m Boh E& A
o] bottom tracking mode (BT mode)E &3},

ADCPEHEH &2AE &2 Z3dA 30x HTA o)y ol4xe RAL
AdlA 58 HFo 2 o]FHANALY HFA FFAWY AgF HUA
oA e AYsAct.

BEAgo] A wWE ZFAHAEC] WL A% HeGolo] AN A
ADCPE °]-&3% #3228 E & dAFE Hsry] AdNEs 2FAHAES HAH3
AASH Folol 3t ADCP ARZHE ZFAE AALYL F£X52d AH}E
o]-83t= W (Foreman and Freeland, 1991)3 H4Ax4$W & o]& ZH9 I5F
9 A7E gotlE WY (Candela et al, 1992) Fol Yo A7l E 1944 A+
des £Y4 Fag FFIHY =4 =Y A (o] F, 1997)9 M2, S2, Kl,
Ol N2 5 57/} 8 £X& |4 3 HTH ADCP AEZHH ZFAE AA
& A x=3gd



¢

4. 5AE AFas

BE5L 4T 17T m%H W 8 m HHe2 #AFFAoY 97)ME 25 met 65
m 39 FHEXES ANFAD (2F 2-10). FHELE FAPA 5 km HFo =
NPT ARE AHRHIY 25 m FAXY {0l 66 m FRY ta s
1€ 34 F 9 #5L 5§ QA= Hlxd‘:} #5999 dREe] 4
150 m o|He] Mo 2FAsd F 3FURI FeA EdEH Al°Ur
ey EAI v FEAAN = "WFZ#"E TEOR ¥ 5F ¥
EE ¥olp HFD AFAdME Ao %"r"&*ﬁ‘rv‘:— BFo] FAF EXojr
a9 2-11e 2MRY ARE o83 ZRAES AAT AAFY £EXzoT
FAE FEAAE TFH dFE HHAA "’i'l F714 #AFste 5F9
A1 E 0 °=lx*sl EAs] =2FAHEC ¢A3 AAHA ¥ Ao HAY.
AFE FHAYE T dPsAPAdMes FF22 Fate dintd{rl 533
e 29° N —‘?—3—4 B dSdde vgd FFEFEFY E°l &Zﬂ‘ﬂ‘:}

9. 248 dFuS

AEdd e AR F4F4 HEHAY 9% B3I M2 QA8 HF:
15-20 mol Z& 43 4Zo] ¥HAY (o] 5, 1995). ¥% Jl7lole] 2E2L B
37 YA A M4 FE€ 9 mE AT, FF5L v 4 m HHeE #S
{8 9m 25 mS} 9 m 39 BFY FHEXE AASAY (29 2-12). 25
me 49 m F9 5FY ArZle HAR v} 9 m F9 T°r’—'?€— 25 m 39
Ha w)$ okt ZARY AHE o)L ZFHES AAY T AHe) 3B
F¥XE ¥l AFE MEG BEANE AXE uwE soi7le 35S 29 F9 A
FE-FAZ AL GReR JtE2AE2E B54 B-E JdMHE FFLE e 5
ol &A%Y (29 2-13). 284 dFE9 agdr =AFr]9 HFAFS
AqN3] SR ZFAR FTE3 AAHA ZHASE ¢ &



AS5E Fa XL AFA AT

4 FA Pl ZAMA FF ADCPe 9 sFZAIE ¥lL3] AP Au=2
IREEE 4A w0gE ¢ dvks FHo) Jdoy ERQANGAAN 2FY B A
ZHEFES 3487 YN AFA AFd 93 SFESE Stdop . £ 4
FAEY 124 QAF (FRALHAYGY FFIHY AL, 1994-19976A4 &
8o} AZIHAY divbdF 7194 BEY 7] AREFE A 99
o 19973 11€¥ 27¢ 30° 29268 N, 128° 20.17 E &g RCM &4 3¢}
A58 CTD (Seacat, SBE) 191§ A A3t AFFL 4L 768 mol™ +
&A A 4L 525 m, 640 m, 740 mol™ Seacat2 580 mol AR 3l F2A
L FEFTY UES HAY F JEFE FHAd AFE A7 TAE FHIFHV]
A&l & ZtaAet e FFF8 47" (7 YA Hiroshi Ichikawa il
F)9 P2 E Po} JtnAntY £& ZAM KeitenmaruZ & ©)-83o AF |
& AAd3 19989 349 stnAvl A& FFI XA - Aol
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Fig. 2-1. Release point of satellite-tracked drifters deployed in 1997.
Symbols 'O’ and '+’ denote respectively release points in March
and June.
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Fig. 2-2. Trajectories of four satellite-tracked surface drifters released in
the southwestern sea of Cheju-do in March 1997 (28703, 27512,
28702, 28707).
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Fig. 2-3. Trajectories of three satellite-tracked surface drifters released in
the east of the mouth of the Changjiang river in March 1997
(28697, 28712, 28698).
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Fig. 2-4. Trajectories of four satellite-tracked surface drifters released in
the Taiwan warm current region in March 1997 (28699, 28700,
28701, 28706).
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Fig. 2-5. Trajectories of four satellite-tracked surface drifters released on

the continental shelf west of Okinawa trough in March 1997
(28711, 27511).
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Fig. 2-6. Trajectories of four satellite-tracked surface drifters released in
the western sea of Cheju-do in June 1997 (28718, 28715, 28714,
28716).
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Fig. 2-7. Trajectories of four satellite-tracked surface drifters released on
the Changjiang bank in June 1997 (28719, 28721, 28713, 28720).
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Fig. 2-8. Survey line for ADCP measurements in March 1997(R/V Onnuri).
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Fig. 2-9. Survey line for ADCP measurements in June 1997(R/V Eardo).
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Fig. 2-10a. Distributions of horizontal velocities measured by ADCP at 25m

in March 1997.
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Fig. 2-10b. Distributions of horizontal velocities measured by ADCP at 65m
in March 1997.
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Fig. 2-12a. Distributions of horizontal velocities measured by ADCP at 9m
in June 1997.
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Fig. 2-12b. Distributions of horizontal velocities measured by ADCP at 25m
in June 1997.
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Fig. 2-12c. Distributions of horizontal velocities measured by ADCP at 49m
in June 1997.
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Fig. 2-13. Distributions of residual current after removing tidal current by
5 major tidal constituents in June 1997.



Al 3" FAZ s plumed]
8}

. F0 -9 AFER

S-Evet Fslde SAZFHY Friddel ddqA & 9¢L A=
Zol R Zd ok ¥4 29 F¥e2 2 9 FT dAAe] M} wen
9] Fadls F3, A, T, ¥4, 28 AL & F Aoy dEd «
7ol Jx T € ZL oy 29 FYd g8 At Fhrteld 4=
F7F 34 do] xxd v Ao .

g5 FYo2 A8 PR QAT ddFeE dxrt & Ysg .
A AAe] YAEM o] AL wet VE o & 520 AN 2 7%
& BuFgME §AF 2820 Tu 58t} o2 AAVEFE BAA
Be SEFE A H=d FAY 959 AAFIA Qui et al (1989
AFHAY ARNezHEH FEZ &4 50 kmd $EFE FAdA o™ ZhangH
Klemas (1982)& #Z%°] 120 km, ©%°] 60 km¢l et8 9 H71¢4¥ (cyclonic)
S}FFE B v Atk Qui et al. (1983)2 & 3349 Cox £ o} &
e o] 4FHFIE AY LA g8 oprjEE B 2 o FFFY
el YA AALAEF2A BRI #5 € HFE Leeuwin 3 F (Legeckis
. and Cresswell, 1981; Cresswell and Golding, 1980), Norwegian Coastal Current
(Mork, 1981), Ligurian Coastal Current (Crepon et al, 1982)& & + 1t

FrFol AANA 7Hg BL oprtEF] AT plumed] i ATF2A ti
o 2¥AT (AMASSEDS)7t ofvlEZ 379 {2942 1989-1993d) o]
FolAth o] & A} J9 A, A 2F, 2 9, MAAAF
gdao 2 v HE3Q Folt} (Geyer and Beardsley, 1995). olvl&7}9} #3F
€ 1199 80,000 m¥/s2 H2Ao)w 5946 250,000 m¥/s2 Hdleltk (Geyer and
Kineke, 1995). 23 d&AMe) 4 10-30 m Alo]9 & ol FAHY ol 1
A4 2] FAEFA o)t Geyer and Kineke (1995)= 1989-1991¢] FEA Mo} &7



2%E 9 150 km YolR Rel Y450l gow BAZLE £4 10-20 m HY
o ¢ 400 km o|A7AX ARH YLE BEAAL. TF9 B4 JdsFes
4 W km, 2APFOZE 1000 km o4 plumed PV ZFE ¥ of
7-2%7) 488 B Jd 200 cm/sol 02T F 4L WFFE A=
Fgolth, $HE GA Qo] PP BAFo|d o]k I Yo &
F= BAGR Buza dF9) 99 282U BE FA=Y B3
ge HE shte] 9ART AN Coriolis A7t 48 2 plumes) Fzo
}g nAA ot AE

>

of rlr 2 rlr W rr

. %217 85 plumed] A W3}

FABLE opAolel N FHF & Zog @49 §E2FL (9x10" m¥yr) MA
oA 3WAen EALY #EFL (5x10° t/yr) 4ot (Hu, 1994). ¥A7%
plumee 26 psu °1&9 E3 FYE (Mao et al, 1963). ASHA = AL
g ke o Yoz ¥t 48 FFAdE AFE BFeR HAUYAH
(¥ 3-1). 284 ALHA AFE wFo2 33 (Py, 1983) AEHA &
Zo2 I3 AT #Fo] HAY (Le, 1984).

A7 sASFE Add wel 2 F5wde] gts Aol Bo| S HAK
o ALHds FAZAAN UL qAFI A5y EFoZ FJAHWM AAE
wel FEstn dEdde olgde 98 B FFE Holuyxiuizal EFF}A &
gue AFE Wwgoz AALE Ao 47A gk ALHA AWML w3
Fe R dFoz AFaAC g ALE & ZAME Bel #FHIAY
o 28y, 8- EFFo2Y wFARL AFAAY EIHVF FAE R
2A ol& A9tz = B Alxrt Ut 53] FIEAEC] Bol AE3}
Fon Sy AF A7t o)Fol A AUt

A4 FAF7E v vAE AAFHYA dYoERE A4FH AFE &
Sto] E¥d= HAALHA AGFE T F Jdon o2 A& AHAFI HAA
ojfigo] HHE YA . =3, 5 Fdd el A4y 71de] &
2% dAdgee AFAH4E d9 (o] F, 1996).

FA7} plumed] EFFoze Afd die dygez o7 AxEr AU
(Mao et al, 1963; Le, 1984; Gu, 1985). Hu (1994)= ul&s & F7t (F2A L9
AF) F a0l A F, 45HAE FFALY utPge] M} AFE
B 553 ALAds A¢ sMoldME SFI SHIAA FMY
3 2 gAY E qEdR AR 5N A SEFU vkl 9 A



4 AFASE olo] we ¥A% plumed] AFWFE uviAA doin 4B
. Guan (1994)2 ¥AR &34 At W7t Y27} plumes] W9l 93
< AR F 8499 e Fdon FF2HE R FHAFIL dhd
9 boundary effect, @5 AE uld, AYEA Fo] FEeFo2o H3gHd
gL AT FAt. FHEHY Tl B A & AFHAY (Mao
et al, 1963; Cao, 1980; Le, 1984; Yuan et al., 1982).

FA7% AT 9L T3 Yuan and Su (1984)= 1° ZHF 9 F34H
(steady state) €UYEdF} time-dependent 2% 2dEE e FFIF&H s4
£8S AHEg FAZY T4 FLFS 34,000 msE FojRoH, B
b fFol 93 AT plumes Zo] REFH3}A HW FaWdys 2 BEE A
At 8L 3} Aoz 2uddAY. Lee (1996)9) Zhu and Shen (1996)2
A Sz A KU TS 339 QALY Zd2 FEe} 5FF T
AANE Foz & AEFHR ALH €89 APE A=A

&g QoM ATFEA Tkeda (1984)E HF 2% 2H=2 U9 &2
of o3 At JEgFH wES AWHEQY, 1213 Z7]e] ¥E o2 anticyclonic
eddyZ} 7o FAEH AXFE 233 7] o2 YeidE BAY FEH4
g wAY wge olg ¥ FARUY AFEE Garvine (1987 and 1996),
Chao and Boicourt (1986), Chao (1988), Oey and Mellor (1993), Kourafalou et
al. (1996), McCreary and Zhang (1997) $°] it}

Al 2Ad s

A4 £ 29L& POM (Princeton Ocean Model)2] 19961 X version©] v}
249 49 FAAZPE Y channel2A AAREL A4, E59F EF 5 kmol
o A7+ H & external mode= 20%, internal mode: 10¥ 22 JAY (29
3-2). 4=+ B9 30°2 f-plane approximation® A43Hch $FH4 HF L g
3 Yoz gon =i HE AAZASLZE WA AAZRAL AL
FZ73 AN sponge layerg AXd Adso] o2& BHE ALFAHY. sponge
2dAE £9 SEAFt F/HEA dAed ol dERFon e AXNNAS
20702 AAte]l A A 9 AR FrARoZA AARAG Z A7
YolEx 3709 Ax 2719 15 kmZ dden FAWUZe2E 10 kme] HolE
ZHA St 4 AT MF: waie Apold] @4 poole AATFALH FAWEY
Ze 10 kmoln Aole ¥R 2d Jd93 A dch 24 Av)e= Al



FHFE Ao e 9H9RE EXPL, 2, 32 #9499 (29 3-3).

Sheng et al. (1997)& #T72Z%E 640 km A 50| $X % Datong Stationol] A
#&3F 1950-19853 Atole] IAZF #4F ARE BAMsAY 36d3te] I9F #
F& 28400 m¥/solm AAHo2 & WE Bd 79 Hd 48600 m¥/s, 199
HA 10400 mY/s9 2S¢ HAY AW Y= FUHEEE 2y BZI|3
ZF 195499 d¥TF F%L 43100 m¥s2 Hugon 197899 21,400 mY/sE
HaAo 497 HYHFL 19549 8¥e 84,000 mY/s7t BEHYoeH Hi &
2L 6,730 m¥/sZ 19639 29 BEH AT

YYF FFL 5~10989) 671€FL 30,000 m*s o9 e BAY (2
3-4). 4¥9& F%FL F A2 Uy AASIAY FFo] BL A$E 30,000
mY/s AEZ HYR FF] L& A= 1 1/39 10000 mYs RE7 HA 3
o} A3 2 Yuan and Su (1984)E 34,000 m%/sE, Hu (1994)= 28,000 m%/sS A}
£33t

g9 9L G poold] MF ¥ A¥HoZ FHAHYF HE5L A
2A e AA FAdF-FE Yo AFd H45S FF gtel €t
Aol 20 melx A&RF o] 5 kmeld FAx¢7F 10078 e 0.3 cm/s9)
A dohd AMFFS 20X5000X 100X0.003 = 30,000 m¥/s7t €k, 49
g 488 0 A% 20 psudl AFE Uy AP xU|gEL
psuy, F<& 4 CZ 4o AL 20 mE AT HAHY ALE ¥E4Y
o2 &g

I o2
‘n‘l“-

flr to ¥ o

o

A3d 2 I

7}, 5438 (Control Experiment)

A

A

EZAYE 99x249 Jie] AARE 7F d9dA AAHAS Z 479 FA
< ¥F QA& w G} AAFE 2@ 16084 Fzle] AASA &
At AH L TFF (momentum)? #8, F FFH Y& o] 713t AP
o 2FF 48 A% ME Yo FAHYT #4& IAFA A ARND
AR A} £ AdYdA FoA F4L& 012 cn/solth, FH LS HZE Yo
AR AR A 39 FEE Fol o2 AAFerM FAh 27 #;A
35 psuRFH FojW gos SH3 upFr] st Foix gke] 0 psud BS
AYPHo2 223 57 A dn d¥g& 20 psu ¥3 43 SRO



AXE 0 psud] Z$-o ¥WE&L A 39 20/35Y Fo| HA A AVH:
100 P3P ey u) 10Yvict AR E A3t 23 3-50A4 3-99) =4
Y. FFE AAdxrl <ty AF L Rolgrt 10¥ AREH AAAH =
g3te] o 32,000 mYse) e BYEd olx AW 30,000 mYs BTt 3
3A vdeted o] sponge A QA Azt =77 FoHEA Q@ (2
3-5).

U4 34 psud} FEHL ‘é}-r plume?] ZAZ st Al 1ZAMY
HEEXY AZhe] ME W3 E A¥Eq 7]?.-%!\1 EXydiE 7 479 327)
43 (anticyclonic) €83 9Z AGL weg =2+ AUFZ FAHO Uy
(¥ 3-6). 27I¢Y ¢FL vlX] Yoz FHE B2 Y B A7) F
ol wet 2719 AP q HAZ LYo YR a2 =277 A Yt
AUFE Aol AFol wel FEoz2 A& A - FAsH B PA 5
I YJEE BHFEL

ALFY FFAL 3F F 20 km 4 FFo2 FuHo] 1 o)FE&EE
23 cm/sZ 1A A< Kelvin® o) £%9] a3sE Aoz wddd. AQFe
< 1198 <83 e REAA 3 2 GEGA "A AA- Fg &
oli o]F FEoT BFE A Fopxu. ze} Alztol Aol whel Ho
o] YEld £ FFo Fo] FopXE FEo) Arja o GFBIAE Fo] Y&
T §& FEo TUYE Yeg ANFHo=z et FAHE | )R
HF A9 At BAAFA o Rez Alrg) |

A7 €89 FA7E 27)de L JheY A AFE HA= 7
T AMA HA 980 HY, ¢#9 FAHAAAE W 2U)dE 37 =4 9
At AR B4 dFds s vz 9sd Aagm . oy
Watel tBo Fo2RH FEHE 359 FIE Aol Add wil 5
A BEFEOR W1 JSS & F Ut o] A 53 FrjEe Ao uy
29 98 Qo= AT FELYe] 5E5FYe) € F UL BAgFH k.

AN® F&ETRE AHEY 3T b2 BRI E %so“l HF3 A
+d e GHAPAE S HAFEH (2¥ 3-8). TIF ulE FGFdE $H A
¢F 15 km 7HA] FEFRIE S8 o] F¥FE GB o2 Fd wil Fo] F3
o 3 EF oF 250 km¥-H EXA AL 22 ALFY Fo] ¢S AA 3
7 F% 9F 300 km AHAA Hdl ¢ 100 kmol] =83 F FERoz Ar-E H
212 A4, FEFRY SFoe H5FEHV ¢2Ho e ), o)X 1A
@9 NFAHoH T FEY] FHHFYo ¢¥Y A Hd AFIc) 4
TEEE EY TERYH AFE ¥ 29 AIHL Fo2HE Hoigd o
2 HA LEFSE Fo AFL 9& A U (a¥ 3-6). °] AJez

£ A kn i 12



EAQ €9 F4 REAA JEL Fou Ao NEFE 1 dYo] HA}
g€,

39 (A 7%) 9E £¥XE 29 (3¥ 3-7) 42 n@AnAzZ n|YgE
TR AAF7E YAH] A 2 FFF 2 U4y €8/ FAANA
o 4Ee F99 W 2oy ¢£39 BFLS 427 wpRAZ Al AWt}
(29 3-8). =& o] A9 AL AYF9 sourced! 23 FF AZH UA &
of o] Ade] FHYFo2 FFH/INTGE FAYFoZREH FIHYSE B
A Ade] Y& Ao] Add] we HEoZ o]Fdn Yt} FETZES
AYERA Z AT AE3HE g 3 AFBOE FaE 58] wadygy 9|
o] AFA9 2% estuary €8¢ F AF}T YL BAFn Quh. 274
8L T F 2N FE3H 22 FoTREY F&2F9 wEHs dAYn I
T 5F3 3&9 BIFI A 44" Uk

A WE i FART] WS Oy 3-99 =AFHAG. $AM 7T o
dA FAFe] JFgFoz 2% F27 YAHo gon, A2 HYAHL Azto
Al Wt A& J& Foz FFHT e GEL ANZ BolAa S
2 7 Aok £ 50Y AEH Auyez 19 sde] 7o FAS] Az
s A} 2 949S WL Y2 B ¢ Utk o] 19 FAHYE YT
E (3 3-6)dA4 Bya nridy £89 FA4 #HIdc)

F3dME 0¥ ARE SN olgR e A2 HYEFL Fa 9o
Azre] AGFE Hrimge] AX uigg BEHE £ R¥EE sn g @
U 477 dDdsi g oy @R WY ol L B 4 g =g AL
2 Adge] 459 ndH9 ul2 Yo YA Qo Azto] Ao w
2t 2 9490l gFHI e Holh

439 29 A3 dFY AY H& Ao ALFEE AXD Yy o= 4
A drcdd AFHY Aol vn Boo] Gy, F, A2qME 1Y
9 o] Ad+2 SR AR AFANE Ad9 Yo| ngLE EYRY Q)
T ol & o] BAEs] ML FHYFoz fld JAME Brss
A FAYFo 2T J15Ey] Wi o AFANE Doz RE §YT] A%
39 33 AeE dEel ¥e A 2ozREu A fYo] AsHnE, o
E FTUAY A3 nd9 FBe &5 8, H29 Hh9d He AR
(downwelling)dll 2l f2] - 43 e Aoz Badn

AE9 7YY 8 FA¥AM 850 dojdtk:= AL Chao and
Boicourt (1986)¢] Z#¢} YA 3ttt Chao and Boicourt (1986)= A& 9] &30
2 FTHAAN €50 dojvdn WFdAME AZo] Yojun, ol FRo|Fr}
EZANME FHANA vgoz A3e uigdis upgoy FAloz e 41 o]



Foll s AdH SEHE FAYYY c@8TERE AMNHAYG. &, Chao and
Boicourt (1986)9] 7]194%¥ «&& 9¥< oJ¥7|vs WYY 722 1 F
Aol 72 47 AAH Ave Aol & A7 dE Holu & dHdAME 43
o «¥E of FFe) £BTEE AYYY FdE T FFE & UG-
%, 8% B 43 <8 A VA Fo F2E FAAAN JF, FENA
E 8%, 28R o] FHIFE AZSE FF HHANE FTAHAA R E,
3E AddME uigdA FHdez FHRI d4Ed o8 FTYsE ad
3-10% & ¢RENZE FYY + Ut

¥ 43 EXP3-MBE EFAHYLE 3o o] F9 YoM z0& s
NAZ AAste] %) Weo] g FeAEE ARG (E 3-1).

o

Table 3-1. Given conditions for each experiment

Condition Experiment Modification Remarks
: ‘ Discharge
-MB .
Control Run EXP3 - 32,000 s
Disch EXP3-MB . Discharge
ischarge : i ’ = 10,700 m®/s
SLPL " flat region
. 80 km
flat region
Sk SLP2
ope 30 km
no
SLP3 .
flat region _
Salinity of River Discharge
2
Outflow SRO 0 psu = 32,500 m%s
STR1 initial S=33
for k<7
) . initial S=30 -
Stratification STR2
for k<7
STR3 STR2 + SRO




. std§ 29 W3 (EXP3-MBw)

&l AL ALAY F$E AHEY] Y8 HE 94 FoA §5£& 04
cm/sZ 3t FHHTFE BE W9 1/3 £Fo2 zAd{gen F dFaA 9
F%Fe o 10,700 m¥/sol At (2 3-11). AAHQ &3 Y= FFo] BE
o} wwdted & zol7t gloy o nr|gd £33 A7) FAA dehya
o] (29 3-12) 10099 A1-eA <k 200 km7tA] &35 o] Ut £ FHSF
7t FEHE =T %0 BE Wl vjd o 5F Wgow FIa o
23 174y 89 YAV ¢ BEFo2 2$A Adr)

ot A He FAE (SLP)

THEL Ao HHFPenz & AYPdMEs ANAEY AAt o4
YL FE7 AWEI) Y8 $AH BAEESE 2x107°2 G km 1 m) YAE
A Fol A8 Al 71 B2 o APE AASAEE A WA 4y
AN 7oA 80 km 7ZAAE HHEA Hn O TR HAE FUoH,
F AAE HYE FEL 30 kmE F2d909, vixgds PP RTEL ¢
of dF2HE w2 FAE ARHA SHA0

WA gy FEol /M €W F$ SLPDE A¥Ed ZFELUHFHY A3
2 Aol 7|14 o] Bk BFo2 o]FHo g Helt (29 3-13).
1099 7M Uee AQF7t A Atol BAsA gz e 2
T Y 7YY €89 FFo2 JIUAE FEAYA v& Hog 1 9
dt EEAET ¥49E RojFe HolA ¥t

A¥ SLP2= HAF H&o] SLP19 ¥l&) 50 km F4 o] JP§F L2 E
°] 30 kmel E#3t}, o] F$x SLP1Z vl 2 274y ¢80 EFAY
o ¥l FFez olFHo yeldd (2Y 3-14). 28y SLP1F g3 AiF
T Fo] FoAA APFE EFE B o) APENAN BAAAA & AR
Y 5 F7 Ak ol dAY FAE AUFE AFANE d¥L Fd= A
o2 FNYFeR £3F0] Yo YA B A7} Ao wddr

BB FEo] A Y& SLP3IAME= SLP29} vlad7tx 2 A¢F{Fr RS
AEE & 5 oy 27|YY £q9 AN SLP29) vls] 238 EZEd gl
STEFES FE U] g} FFHoF F3a U (2Y 3-15).



. Y9 9% (SRO)

24 pools] MZ A WA A AEd FoXE A dES FZUYPY
35 psulth F& 20 psuEd Fo| AP A FFAMY FFL 32500 mY/s
o2 EEAYS A A AU (29 3-16). £VYHE YA FE2A
Y3 e 7YY «8F AXFIE LAY (2Y 3-17). AAFE Z3 A
719 ol EFAY ws) st} BAAA oF BFe] YHPL B & o
t}.

wh, A5 43 (STR)

FAYANME 27] &L 35 psuE TYdvn ARG 28U FFS
AN AEFHNE 2% FRE ROl AT oA Joeruz ol§ g7
8 4% 67 F9 27|9ES 35 psurtt FAA Fof AFL AANFHY A A
A A¥Q STRIAME 27|94&< 33 psu2 3oy 2 AAE 2d (A¥
3-18) 271YY 87 AdF Y= EEAIEY =P € F do XS

o) g8 279 33 psudl WA Z7hste 60Ul 34 psu o)A AEL A

d dYo] A &FH EEAFY H¢ v FFM £FXF BAY F
H5 43 (STR)AME 439 27198 E 30 psu ¢ 33U o] 49 2
#E (29 3-19) EFEAE 2 STRI# ZA 922 oy &x AdF Ag
o] ZA <ksHRen BFHEC] Aol A we FsisteE RE STRIF
2. _ _

nt e A3 STR3AME 27] ¥TFZE STR29 o] 23202 3= 94
A3 SROFH o] B pooldl Ao ZAFEE 20 psuZ 33} o] 48 A=
EFAY, SRO, 18l ¢k9] STRI, STR29} 433 & 2IE EAFn o
(23 3-20). 7HF EAAA AL dFEHEH S5t e =27 EELE
3 28 A9 FFoly FFEHEH HojHd wet HFY FETI LEFE
e EYE HolA Yot ¥ AFEdA RAY d4¥Y uUI4E £8Y B
o] YetA gt AMFE STR24 ®l&l @ol MHo] ofstso] 3 SRO%
E & A7jeln H3 BEAAY BEFE E9Fn I



A4d =9 2 FE

TAYE 5o sHo2RY R &5 FY o] FojFHE W A
sjge] o FA W3 7tE POME o] 83t AME. ojH e AFEFH vt
A2 7o) F2ALE we} gHse} FHozRYH fUY APFe 9
E3ol2 Q& F¥dE d=F/ FAHNLY o] AXFE Ate] Add w
g BdAsAA BAATI SAHAY FERIE AARTY 1/gY &
Bo] AW 1 Arje B 7Y AR 1009 $¢ A& S8k 100
ddE FA oF 250 km, &5 o 300 kmZ AFsHAd ALY FELEE 2
71 FFgolu Aol Ao wel EFFgoz HAE uwpHAoew 1 oz}
L714E 89 FHE FAZ 5oz ojFHIUY

o]2]§t 3 el:= Yankovsky and Chapman (1997)¢] EH3 ArZolF
(surface-advected) plumed] &3l= RO Z o] A9 HAFE At I35
33 o SAsE 1TSS 8RS FAYsA d. olg EHE A
$+2A Yankovsky and Chapman (1997)& AQ+7F E2%H ;AA7AA A9-H
rayy g2 Anve = M AHolF (bottom-advected) plumed EUT A
Z°l¥ plumed] B5 V|AY <89 9& 7Y AU W cyclostrophic
Yoz A48 Coriolis¥, 2l A Aol L o]FA o

39 #& Z7e AFd vd oy FHREGY S A FHEF BT
A AARFoR FAH Jed wa FAFE] A2eH S AEFH sFAA
FEHoE F ANY cell 2Y¥Y £V TZRE 23 Yoy 1 WS M2 Hiro]
o &, AFAAE FARAA &5 dojun AT AN o] dojun, &
M= FARAN AF, YFEAAN &5 Y ey o & F£IAYF
9] o|F= Z4Zte] FAM FHwae olFol s 2 cell Y oS Y
&A ad

McCreary and Zhang (1997, ¥o2 MZ)L %% 29& oj&sd A
fridol WE ALY ¥ FFEFF EASe AFd ds A¥Egit ¥
TAY 99 d9ZFAE 2 59 A ¥ Fo] HY S AxF Bz 3o B
A7 dAEAY 29 143 294 v o B 983 247t X
o} sAE=d o ool dou Y Ao RE AFASY HY B
& 23 gaztenz a4 ©g WE A4¥EozA FHF plumes 3
Wgg old¥ 4 godet AN,

MZ9 Q7A% F Solg H2AM ZdM FEE AQFY SFAF7 Qo =



gso] BF HZF9 A¢e wet Hgte A9 ded ot FFl I H
o gAY, o]e LAr|FoE AP FHAFY nPY e Aol ¥
e AL e GEF/E A7 o] FEFA A} BFEA FHo2REH Y
< A4St EEFE dAse Aoz d9sdd. B Adee o A=
74X AP Udstd F&Fe] s £ we sty 1L 78§ AY
A F g Qgte Bol & AXFE FAsHA €

E AFgNE MZAAANY I9xoz Agtd W sl= Holx gerh
o9, %S AA FU9 EXP3-MBwe 3% 33 f&59 =7t f30
U EEAH v o 5F S F51n Jdn AAFHoE nr|¢d &89 AA
E 9 BEZog ol HY glo] MZAAM 73] AL o THE 7t SAdHE
A3 YA e AFE BAFA ol HFL A AAE & Al 4FdA
= 2% Jeya glen o F 53 HHF Yol e Afd F dehntm
Aee B 5 Ak 28U, o] A AP BT fFo] EFHEH A9 Zo} &
Fo] 90] E FE U FolA AU =P o7 AYPe] £ £ 4

+ f-planeo] B2 S4A o] ulE potential vorticityd] SXAeolth, 4o A
oA Fo] AU E (relative vorticity)”?t frE5® EF potential vorticity®
& JIEANEE FMYEoRY X AUH FRomo £F0] §ol3A H
of ARHoz 1I|YY €8 AAJ BELZ o|FHA HE RoE wad
o} : : o .

MZA 9)3td HFo] B Rossby 71 & A$de dAdd E£JH= &7t
AYEA g3 A9 AF7L 37E Wy v g F&A He o s+
g wus 45E o9z W we 2 e BAFAY. F, o] Bordd
e FE2759 AdE7 o dEo2 #F3A g9 £F e dEo] EohHd
me £ 274 FolR dF EFEY oyt ¥ &FE FES ¥

AL FiE ALY jets B AFAAMG o] 1 EEFd nrIYY ¢S
FA89 jetd] EZdE £ dFdEe UHeEURA ¥ A7IAEY wEAAR S
&3o] AT} o] WAAREY £8 F ALF LR I ZFL Ade ¢
3 F BEog 3 Hu o] Bt AdT & Add £3d &
9] A9 nAsIAE F¥gas gyt EABL o] FHHRE jetE WY jet
o] oj#g we =9 ¢ $F9 AtFd FHEHA o

Fn2¢ AAZ BEOoZ B 5L EFFo U Aol LA &
on 3 EFSo] Y ASAE EFF 229 entrainment’t BETE SFF
7t F5dxy FEAHOE entrainment®] AlZt2A L] 24t AfdE A &
zZo2 &3t AGSFIF Holx ¥3 Y. o= & AT AASE A=
Rog B A ERo] o 3 FEH £ £Fo] dojy

-101—



2 e E Q7NN FEFRIE dehdA gAY dEvbEE 4% o8 4%
g de Ao 194,
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utElF fole (A A3 sHFoARt ARHoz Hgem =3
‘Tsushima’'7} divt=ets AW & AAS7] @Ed (D9 on2 AHES= o
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Surface Current Fields in the Eastern East China Sea

HFEUNG-JAE LIE AND CHEOL-HO CHO
Physical Oceanography Division Korea Ocean Research and Development Institute
P.O. Box 29, Ansan, 425-600 Seoul, Korea

Surface current fields in the eastern East China Sea (ECS) were constructed by analyzing
trajectories of 58 satellite-tracked surface drifters released during 1991-1996. Composite
trajectories and 20-minute-by-20-minute box-averaged current vectors show that the basic
current pattern composes of: the Kuroshio main stream, which turns eastward toward the Tokara
Strait; a northward branch current of the Kuroshio on the ECS outer shelf deeper than 100 m;
and an anticycionic circulation in the northern Okinawa Trough west of Kyushu. The northward
branch current sharply changes its direction to the northeast when it crosses a line connecting
Cheju Island, Korea and Goto Islands, Japan. The basic pattern of current field changes slightly
from winter to summer, and the main axis of the Tsushima Current in the Korea Strait is found
to shift seasonally. The drifter experiment does not support the claim that the Yellow Sea Warm
Current is separated from the northward branch current on the outer shelf southeast of Cheju
Island. We suggest that the use of the term ‘Tsushima Current be limited to the northeast
channel flow in the Korea Strait. The new term 'Kuroshio Branch Current is suggested for the
northward branch current on the outer shelf south of Cheju-do, which is separated from the

Kuroshio.

INTRODUCTION

The circulation in the eastern East China Sea
(ECS) may be determined basically by the Kuroshio
main stream, a branch current of the Kuroshio west
of Kyushu, and the outward extension of fresh
coastal water in summer, even though the three are
variable in time and space. Schematic flow patterns
of the ESC have been suggested, mostly based on
hydrographic data (e.g., Uda, 1934; Nitani, 1972;
Guan and Mao, 1982; Beardsley et al., 1985; Fang
et al., 1991). Some of the patterns are similar, but
others are totally different. The differences have
been briefly commented on by Lie and Cho (1994).
Qiu and Imasato (1990) presented a comprehensive
surface current field, using historical Japanese
geoelectrokinetograph  (GEK) data accumulated
over a period of more than three decades. The
current field properly represents the main path of
Kuroshio along the continental shelf of the ECS and
its eastward turning toward the Tokara Strait
southwest of Kyushu. However, it does not show
the existence of a branch current in the eastern ECS
which is separated from the Kuroshio. Recently, Lie
and Cho (1994) deployed satellite-tracked drifters
west of Kyushu during 1991~1992 and observed a

branch current which flowed northward along the
western shelf edge of the deep trough west of
Kyushu.

Although various circulations have been sug-
gested, there are no comprehensive and reliable
current fields for the ECS denoting current direction
and speed, because of shortage of direct current
measurements. Tracking of cost-effective drifters is
one of the best ways to observe ocean current.
Therefore, we conducted an extensive drifter exper-
iment in the eastern ECS during the Coastal Ocean
Process Experiment of East China Sea (COPEX-
ECS) in 1991~1996. In this study, we present the
mean surface current field of the eastern ECS, using
all drifter data collected through the COPEX-ECS
in 1991~1996. Seasonal patterns of the current field
are also constructed from the same drifter data file.

DRIFTER EXPERIMENT

Fifty eight satellite-tracked drifters were released
at different times during 1991~1996. The number of
drifters deployed each year was 3 in 1991, 7 in 1992,
5in 1993, 13 in 1994, 14 in 1995, and 16 in 1996.
Most of the drifters were released on the outer shelf
of the eastern ECS deeper than 100 m, and on the
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Table 1. Information on satellite-tracked drifter experiments for 1991~1996

Float Date Releasing Point Wast Center of drogue,
number Deployed North Latitude Float Longitude depth, m m
9728 July 17, 1991 k74 127 124 15
9729 July 17, 1991 32 128 166 15
9727 July 17, 1991 32 129 821 15
2031 Apr. 17, 1992 3210 127 112 15
2032 Apr. 17, 1992 3210 128° 143 15
2033 Apr. 17, 1992 32w 129 466 15
11010 Nov. 18, 1992 31° 125° 30 63 15
11013 Nov. 18, 1992 3r° 126" 20 81 15
11012 Nov. 18, 1992 31° 127 10 110 15
11011 Nov. 18, 1992 31° 128 210 15
09729 Dec. 9, 1993 30° 126° 46' 100 15
03157 Dec. 9, 1993 29 48 127 18 126 45
09731 Dec. 9, 1993 29° 45 127 26' 200 15
09728 Dec. 12, 1993 32 30 126° 45 115 15
09727 Dec. 12, 1993 3320 125° 30 88 15
23019 Aug. 31, 1994 30° 51 2r 101 30
23024 Aug. 31, 1994 30° 40 127° 50 164 30
23020 Sept. 3, 1994 29° 20 127 13 180 50
23017 Sept. 3, 1994 2919 127 16 220 50
21581 Sept. 3, 1994 29° 19 127° 18 260 15
23016 Sept. 3, 1994 29° 18 127° 21 353 50
23022 Sept. 3, 1994 29 18 125° 18 92 15
23025 Sept. 3, 1994 29° 30 126° 30 104 15
21582 Sept. 3, 1994 29° 22 127 124 30
23018 Sept. 5, 1994 32 30 126> 02 100 15
23023 Sept. 5, 1994 33° 127 2y 127 15
09761 Oct. 0, 1994 33° 57 125° 07 94 50
23021 Oct. 6, 1994 32° 57 123° 46' 41 15
21584 Apr. 27, 1995 31° 30 128° 150 15
09728 Apr. 27, 1995 31° 30 127 30 131 15
09730 Apr. 30, 1995 12 127° 45 250 50
03156 Apr. 30, 1995 300 23 127 103 15
09731 May 3, 1995 29° 38 126° 97 15
21581 May 3, 1995 29° 26 126" 45' 110 15
03157 May 3, 1995 29 23 126 59 122 50
21579 May 3, 1995 29° 19 12715 204 15
21582 May 3, 1995 29° 18 127 19 282 15
21580 Sept. 27, 1995 3312 125" 6 85 15
03548 Dec. 3, 1995 31° 30 126" 30' 89 15
03580 Dec. 5, 1995 30° 54 128 01 307 50
03531 Dec. 5, 1995 30° 55 127 57 180 15
08041 Dec. 5, 1995 31° 127 30 124 50
27262 May 28, 1996 28 26 126° 40 170 50
27263 May 28, 1996 28 42 126" 20 119 50
27264 May 28, 1996 28° 50 126" 10 112 15
27265 May 28, 1996 28" 10 126" 50' 260 15
27266 May 28, 1996 28 34 126° 30 136 15
27267 Oct. 5, 1996 33" 45.14' 126> 13" 87 15
27268 Oct. S, 1996 33 4.13 124° 5012 82 i5
27269 Oct. 7, 1996 29° 4961 123° 4087 74 15
27270 Oct. 9, 1996 30° 50.14' 125° 978 58 15
27513 Oct. 9, 1996 30° 30.01 126> 29.81' 87 50
27271 Oct. 9, 1996 30° 15.00 127 2990 130 15
27272 Oct. 11, 1996 29° 18.87 125° 15.12 90 15
27514 Oct. 11, 1996 29° 15.03' 125" 3003 89 50
27274 Oct. 11, 1996 29° 398 126° 14.86' 103 15
27515 Oct. 11, 1996 29 216 126° 21.64' 110 50
27273 Oct. 12, 1996 33° 5159 128° 970 100 15

continental slope. The others were released on the ECS. Table 1 presents information on the drifter
middle shelf 70~100 m deep, and in the northern experiment, including date and location of releases,
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water depth, and drogue depth.

The drifters used tor the study were of the World
Ocean Circulation Experiment/Surface Velocity
Programme (WOCE/SVP) type, equipped with a
thermistor for sea surface temperature and holey
sock drogue 644 cm in length. Of 58 drifters, 41
sets were drogued at 15 m below sea surface and
the others at deeper depths of 30 m or 50 m.
Drifters which were released in 1991 and 1992
transmitted positions for 8 hours a day, while
drifters released in 1993~1996 were manufactured
to transmit positions in dual cycles, for 24 hours a
day during the first 30 days after launch, and for 8
hours a day during the remaining lifetime. The
reason for the dual transmission cycles was to
observe drifter positions more frequently in the
study area.

34°

30°

28°

. .
128°
Fig. 1. A composite map of all trajectories of satellite-tracked drifters deployed in the East China Sea bv KORDI dur-

ing 1991~1996. Symbol ‘<" denotes release points. Red and blue lines correspond respectively drifters drogued at 15 m
and at decper depths of 30 m and 50 m.

130° 132°E

SURFACE CURRENT FIELD

A composite map of all trajectories positioned
during 1991~1996 is presented in Fig. 1. Tra-
jectories of the 41 standard drifters with a drogue at
15 m are marked in red, and those of drifters
drogued at deeper depths are marked in blue. Tra-
jectories are distributed in a southwest-northeast
direction on the continental slope, and in a west-east
direction in the deep Okinawa Trough west of the
Tokara Strait. This shows that the northeastward-
flowing Kuroshio main stream along the continental
slope turns eastward toward the Tokara Strait.
Trajectories in the northern cul-de-sac of the trough
west of Kyushu result from clockwise turning of
drifters around the trough (Lie and Cho, 1994).
South-north trajectories on the outer shelf deeper
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than 100 m between Cheju Island and the Kuroshio,
and southwest-northeast trajectories in the Korea
Strait show the main path of a branch current of the
Kuroshio. This branch current will be discussed in
detail later. The trajectories on the shelf are clearly
indicative of a sharp change in direction of the bra-
nch current when it crosses a line connecting Cheju
Island, Korea and Goto Islands, Japan (hereafter,
this line is called the ‘Cheju-do line").

Fig. 2 shows the distribution of data in 20'-by-20'
boxes. Numerals on the upper left and lower right
sides of each box correspond, respectively, to
number of drifters entering the box and the length
of position data in days. In an area where strong
current exists, the data length is short relative to a
large number of drifters, and vice versa. Fig. 3
presents box-averaged current vectors which are
estimated from the trajectories in Fig. 1. The
Kuroshio main stream is identified by strong current
vectors at a speed of about 1 m/s, faster than the
estimate based on GEK data (Qiu and Imasato,
1990). The northeast-flowing Kuroshio along the
continental slope of the ECS turns eastward toward
the Tokara Strait after leaving the slope. The
eastward turning of the Kuroshio is clearly seen in
the trajectories. In the neighbourhood of the turning
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point of the Kuroshio, the Kuroshio is separated
into the main stream and a branch current (Lie et al.,
1995). The branch current at a speed of 10~35 cm/s
flows northward both on the outer shelf deeper than
100 m and on the western flank of the trough west
of Kyushu. Southwest of the Goto Islands, it splits
into a northward-continuing flow and an eastward-
turning flow along the shelf edge, as already
pointed out by Lie and Cho (1994). The eastward
flow turns back to the south along the west coast of
Kyushu. Therefore, an anticyclonic circulation is
formed in the northern trough. This anticyclonic
circulation is also seen on the current field con-
structed from GEK data (Hsueh et al., 1996). The
northward-continuing flow turns sharply to the
northeast after passing the Cheju-do line.

The northeast flow maintains its direction almost
along isobaths between Cheju Island and Tsushima
[sland. [t is interesting to see the trajectory of a
drifter which was deployed southwest of Cheju
I[sland. The drifter turned around Cheju Island and
moved into the Korea Strait after passing through
the Cheju Strait in autumn. The existence of the
eastward channel flow in the Cheju Strait was
detected by drifter trajectories in summer (Bear-
dsley et al., 1992) and by moored current data in
spring (Chang et al., 1995). The eastward channel
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flow eventually joins the northeast extension of the
branch current in the eastern part of the Cheju Strait.
Consequently, the northeastward flow in the Korea
Strait is concluded to consist of the northeast con-
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Fig. 7. 20'-by-20" box-averaged surface current vectors
for the cold season. derived from the composite map of

tinuation of the branch current and the eastward
channel flow passing through the Cheju Strait. The
flow in the western channel, with a speed of more
than 50 cm/s, is much stronger than that in the
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eastern channel. The eastward channel flow in the
Cheju Strait contributes to an increase in flow speed
in the western channel of the Korea Strait.

SEASONAL VARIATION OF SURFACE
CURRENTS

The water column on the ECS shelf is strongly
stratified in the warm season, but well mixed or
weakly stratified in the cold season (e.g., Lie and
Cho, 1994). Surface wind fields are also very
seasonal: strong northerly wind in the cold season,
but weaker southerly wind in the warm season (Lie
et al, 1994; Han et al., 1995). Therefore, it is
necessary to examine seasonal patterns of the sur-
face current. Trajectories and box-averaged current
vectors were mapped for both the warm season (mid-
April through mid-October) and the cold season
(mid-October through mid-April).

Spaghetti diagrams of trajectories and box-aver-
aged current vectors for the two seasons - are
presented in Figs. 4-7. The Kuroshio path in the
cold season is not clearly seen in Figs. 5 and 7,
since only a small number of drifters were deployed
across the continental slope. However, WOCE
drifter data clearly show the eastward turning of the
Kuroshio west of the Tokara Strait (Lie et al., 1995).
The flow patterns for the two seasons resemble each
other, both showing the eastward Kuroshio west of
the Tokara Strait, the northward branch current on
the outer shelf west of Kyushu, and the northeast
continuation of the branch current in the Korea
Strait. However, smaller scale structures are slightly
different, especially on the shelf.

Trajectories on the outer shelf in the cold season
are relatively straight in the north-south direction,
while those in the warm season are bent (Figs. 4 and
5). Furthermote, the northward current in the cold
season is weaker than that in the warm season (Figs.
6 and 7). Reasons for the bent trajectories are not
clear, although the trajectories are expected to be
associated with the meander of the Kuroshio front
(c.g., Qiu er al., 1990) and an outward extension of
fresh coastal water in summer, mostly the Chan-
gjiang diluted water (Lie and Cho, 1994). Drifters
which were deployed in the area south of the Cheju-
do line, approached closer to the southern Korean
coast in the warm season than those deployed in the
cold season, but drifters deployed in the cold season
shifted toward the northwestern Kyushu coast. In
the cold season, a surface-to-bottom thermohaline

Ses Suraface Temerature {c)
HOAR-14 97/02/22 17:55
KOPDI, ANSAN, KOREA

Fig. 8. Sea surface temperature estimated from an in-
frared image of NOAA-14 on February 22, 1997.

front runs almost along a line between Cheju Island
and the southern tip of Tsushima Island, as pointed
out by Lie and Cho (1994). Sea surface temperature
estimated from an infrared image of NOAA-14 on
February 22, 1997 (Fig. 8) clearly shows the exi-
stence of a strong thermal front along the southern
Korean coast in winter. Drifters coming up from the
south hardly cross the front. On the other hand, in
the warm season, the thermohaline front is broken
and the water column in the Korea Strait is
vertically stratified. The surface layer in the sou-
thern Korean coastal area is largely filled in with
fresh coastal water. Therefore, drifters which were
deployed south of Cheju Island -approached a little
closer to the Korean coast in the warm season than
those deployed in the cold season. This implies a
shift of the northeast branch current to the Korean
coast in the Korea Strait in the warm season.

NEW TERMINOLOGY OF KUROSHIO
BRANCH CURRENT :

The term Tsushima Current (TC) has been con-
fusingly used in three different senses: (1) a branch
current of the Kuroshio west of Kyushu (Uda, 1934;
Nitani, 1972); (2) a northeastward continuation over
the ECS shelf of the outflow through the Taiwan
Strait (Beardsley er al., 1985; Fang et al., 1991);
and (3) a northeastward channel flow passing thr-
ough the Korea Strait (e.g., Yi, 1966; Kawabe,
1982). Therefore, the terminology should be more
precisely defined to avoid such confusion. We
suggest that the use of the term "TC be limited to
the northeast channel flow in the Korea Strait, since
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the word ‘Tsushima’ is the geographical name of the

Tsushima Island, located in the Korea Strait. In this -

sense, TC' may designate the channel flow in the
Korea Strait which transports two different water
masses of saline Kuroshio water and fresher coastal
water to the East Sea. Therefore, the northward
branch current on the outer shelf south of Cheju
Island needs to be newly named to differentiate it
from the TC in the Korea Strait. 'Kyushu Warm
Current, 'Cheju Warm Current’, 'East China Sea
Warm Current , and ‘Kuroshio Branch Current’ may
be candidate names for the branch current. Of the
four candidates, ‘Kuroshio Branch Current seems
to be the most proper name, since it describes the
branching of the Kuroshio more explicitly than the
other three. It may be objected that the Kuroshio has
~another branch current northeast of Taiwan. How-
ever, the latter has been known to the oceano-
graphic community as the Taiwan Warm Current’,
rather than the 'Kuroshio Branch Current .

CONCLUSIONS

The surface current fields in the eastern ECS were
constructed, based on trajectories of numerous
drifters deployed during 1991~1996. They present
clearly for the first time the surface current pattern
which consists of: (1) the eastward turning of the
Kuroshio; (2) a northward branch current on the
outer shelf; (3) an anticyclonic circulation in the
northern Okinawa Trough west of Kvushu; and (4)
a northeastward channel flow in the Korea Strait.
The basic pattern changes slightly from the warm
season to the cold season.

We suggest that the use of the term Tsushima
Current’ be limited to the northeast channel flow in
the Korea Strait. The new term "Kuroshio Branch
Current’ is suggested for the northward branch
current on the outer shelf south of Cheju-do. since it
describes the branching of the Kuroshio more
explicitly than the Tsushima Current.

Uda (1934) and Nitani (1972) suggested that the
Yellow Sea Warm Current (YSWC) is branched from
the northward branch current southeast of Cheju Island.
However, the drifter experiment does not indicate its
branching there southeast of Cheju Island. The origin
and detailed structure of the YSWC should be
investigated in future, which will require comprehensive
current measurements in the northwestern ECS.
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Fig. 5-1. Study area showing observation stations in March 1997.
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Fig. 5-2. Study area showing observation stations in June 1997.
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Fig. 5-32. Horizontal distributions of temperature, salinity and density at
5m depth in June 1997.
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Fig. 5-33. Horizontal distributions of temperature, salinity and density at
15m depth in June 1997.
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Fig. 5-35. Horizontal distributions of temperature, salinity and density at
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Table 6-1. Positions and time of release aﬁd collection of TGPS buoys in the
Cheju Straits in 1997 except Case No. 2 in 1996. Meridional line
of 126° 57.0' E is taken as the east boundary line of the Cheju

Straits.
Arrival at
Rel: llecti
elease Collection 196° 570' E
Case
No. Position Position
Time Time Time Lat.(N)
Lat.(N) Lon.(E) Lat.(N) Lon.(E)
Apr. 28 _ . ) oo , May3 _ | - , .May 1 . ,
1 1700 33° 40.3' 126° 380 1233 33 472" 127 .10.2 13:39 33" 418
May 31 Jun. 2 Jun. 2
2 33° 345 126° 488’ ° 300’ 126" 589’ ° 319
0731 34 488 0857 33° 300" 126" 589 0152 33" 319
Jul. 10 . Ju. 12 ol 12
33" 400’ 126 8’ ' 370" 126° 584’ 33° 319
3 12:24 40 88 05:31 3 0 8 03:57 37
Aug. 27 . Aug. 29 _ | .
4 33" 3B6' 1 2 318" 126° 515
qrgy X PO B Ty BASNS
Aug. 27 Aug. 29 Aug. 28
5 U820 a3 501050 38 b P 33 g6 127 U5 Y 33 3
21:15 09:08 14:31
Sep. 4 Sep. 9 Sep. 7 443
€p. ° ’ o ' €D ° ' o ’ €p. ° ’
6 1247 33° 39.8"' 126° 36.2 2335 34° 82" 127° 506 1613 (126 )55.0
Oct. 18 Oct. 24
* 3712 ° 364" ° 46.1' 126" 494’
7 1:02 33° 372 126° 364 11:40 33" 46.1' 126° 49
Oct. 18 Oct. 21 Oct. 19
33 424 126° 6.7 33° 523 127° 521’ 33" 46.0'
8 10:03 % 13:03 08:21
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Table 6-2. Current speed calculated from the surface float tracks in the
Cheju Strait in 1997 except Case No. 2 in 1996. Tracks out of
the strait (east of the meridional line of 126° 57.0° E) are
excluded.(+: eastward or northward, -: southward or westward)

E-W
directi N-S direction Total Ratio
. recuaon
case period dux:atton (EW/N
no. time  distan speed distance speed distan speed S)
ce(m) (cm/s) (m) (cm/s) ce(m) (cm/s)

y Apr 28 G8hr 0000 4119 2780 <11 29427 119 108
~May 1 39min

o May 3l 42hr o009 .83 4818 -32 13548 89 26
~Jun. 2 21min

g U 4°h_r 20958 +206 8894 +61 31237 215 34
10-12  22min

g Bue AT 00 44 7041 -46 23175 152 31
27-29  26min

5 Aue IThr o 00 4501 15935 4256 34940 562 20
27-28 16min

6 S®  TNT 0004 4107 45397 +167 53829 198 06
4-7 26min
Oct.  144hr

7 0059 +39 16491 +32 2595 50 12
18-24  38min

g Ot 200 41000 +300 6671 +83 31984 308 47
18-19 18min

Average +19.9 +6.7 22.3 36




& Case 59 Case 8& AFHYL EFUA FTEFZLE olFdd AL
F22 AU 2 A FEog ojFddE v FEE Yl
AHRE dE2A Case 6& AFHPAA EHFZLE o]F5dd AMxe HA
AolE B3 ARE EEFE AY d33FHE AY THLE olFde AF
et & AFHYY FE2EE A7l @t ofg- 223 ¢ JE&E AAE
Ak, 28y AFE AN 69FY o]l &7 Case 4(1997, 8, 27~29)
9} Case 7(1997. 10. 18~24)2 ZZ} 152cm/s, 50cm/s2 2L Al7]d & Zd
F3&8§ Case 59 Case 8 HuxE f&o] =gla F&x= IA @8 Case 4 &
5202 o535 AFE RFAG EAFYD Case 79 ALE A% we}
FEo2 oFdY §E BEMZEZZA oFHcht A AFoz o|Fdd AFA
HIZ7A o)} F AFANZREEH 5F ¢ guld RPN dA EFFo=
o]FatE v$ EEY F2ZE UYEHHIL F&E ui$ =3 oy $x EF 19
g XA AFIH AFA BSAHE 6-39 D EFA)ANME EF 94cm/s9
M F7F dehda 9lo] BuoyZt $5 AZAA oA AFA7LA o] F ¢ fgle] o
NEHF dEolgde 7I5A0 Atk F 19969 5¥€ 31Y AFE QUAFd T3
Case 29 A3 A AFE A¢E wel FFHLE 0|53 £ EFQALE
Ay e dERo 2 ulFo] &zt FElitt dA EAste 28 JERY
oY AFE EFANGNA EZF 6vtY ojuld &3¢ Buoye EF AFE &
Baote wiel @A o]Faust At EAFAUL $E NE AAZGgA =
S0yl OA AZEoZ oFaAY, EE AFE $E& we deiss 558
A& BA ot AFE 5% ALY 1001 oY F& HHAAN FF, AT,
EEF7F A4 Jdelg £ de 7H5AAH AF: 5% dded F3tHrt vebd
F &S AAEtR A ol AFHYPW Buoy FHRAAE FHHY, AFE
BERAQ 6utd olWe] dFE k- FEFAIIZF AFF AFHY FZ2AT
BuEs A4 dvld{Fert AFAEE o2 A2 Axd wE, 244 AF
Al Atele] AFE BERAgdd AFE FF Addd MFU FEFsF vEY
A wtso] AFHYANA FZo2 AY FEHA gA B AFAJW &
Fo QREL AFE BRALGAN 6~8 vld o4 YgFgA HFUA F
zo2 olFdd AFHY FERYT2HYH I FEHE AR HHY

kot KT

- F Ao
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Table 6-3. Cwrrent meter mooring positions and mean currents in the
~Cheju-Strait in 1997 (+: eastward or northward, -: southward or

westward).
Position Mean Current
Moori Moori —  Rati
(Lat.(N) °°,“3g 1 T;“gh) Speed(cm/s) _ Directio (EW/;’S)
Lon(E) X° ayerldepth) "o w N-S Total n
A

(34" 40" Feb. 24-25 surface(10m) 271 -47 275 ESE 5.7
126" 57.0')

surface(10m) 139 -25 142 ESE 55
Feb. 23-24

B bottom(70m) 106 11 107 E 9.0

(33" 5307 surface(l0m) 529 -154 551 SE 34
126 5100 Oct. 2224 middleGom) 169 -81 21 SE 21
bottom(%0m) 158 62 25 NE 25

surface(l0m) 36 -46 6.0 SE 0.8

Feb. 22-23 middleS0m) 29 -27 40 SE 11

bottom(100m) 03 -27 27 S 0.1

C surface(10m) -11.0 118 162 NW 0.9
(33" 400' Jun. 14-16 middleG0m) 21 03 22 NE 69
126° 57.0") bottom(100m) 16 -28 33 SE 0.6

Aug. 28-29 bottom(100m) 104 54 1180 NE 1.9

surface(10m) 210 -41 214 ESE 5.1

bottom(100m) -0.1 108 10.8 N 0.01

surface(l0m) 14 62 65 NNE 0.2
Jun. 16-17 middle(50m) 61 00 6.1 E

Oct. 20-21

D bottom(®0m) -13 51 54 NNW 03
(% 880 suface(lm) 109 104 152 NE 11

126° 57.0°) oY bottom(®m) 08 16 18 NE 05
115 2. . 4,

Oct. 22-93 surface(10m) -115 26 119 WNW 4

bottom(30m) 0.7 14 16 ENE 05

Average 8.0 07 109 E




(2) AASF(EBRFK) A

AFAY) F3e Totsr) st 2 6-10) Yehd uis} go] AFHY
SZQ 7 ©Hel Section 49 EZSZHE A B, C, DY £02 474 FHL
AR FU(ESR 32 A2 AFAE AFsdd 43¢ 239G 29
6-12% 2zt 2FAAY 3%, AVE 7% #4S YEgL ow, olF Z 25
AR #3& EMAE s E 6-39) veh

29, AP H=ZQ Sta. AS} BY EFHE0] %} 142~275cm/s9) Wl
H 73 ¥Fs} ESES Bgoz szt ARE fgzFyoz AP TYRa
Sta. C8 A$E 60cm/se) 3 #F7F SE woez s23 ok B3 JAE
s} ANE Abolo] 275cm/se BF FFAEC Uehd Rel FAHY SHow
Sta. C8] A$E E29H A37AA A2 27~60cm/sd FEUA FF9
3 357 Jehdn o SAdE 4% 387 Jedd Sta. Co A$, 109
e 2ldem/s2 §50] Walx, $A4 Hr: 5~7u) w2 ESE @3 77}
F2o Yehda 3o oj% & AL 449 AgNE BT P A
F#7b 2@ A7l H¥N) fEo) 2 99 AZIEY A weAE TGPS
Buoy #4279 E & dAazn gtk E Sta. B A$E 29 xr) 1099 ¥
Z284&0] o 48 AE WE 551lcm/s) AF FFI vEdm U $E BE
of 17t AE WolA Sta. DY ASE FAY 2FARI QAT THA 69
9] A$¢E= NNE w302 65cm/s, 9¥ NE W39 152cm/s, 108 WNW %3
9 119cm/s8) f&o) 3 gFARe detn Yok oY $E EEANY
o BEEYNE BEFHF E= NFY I dFAEo vEbE Ae TGPS
Buoy 3A NN AFE BRAAGN BZoz 6o ojule At F3
3 Buoy9) °)E&£E7l 10~110tY ¥ 26| 533 Buoy Btt ¢ g3 1 o]
£ A4% Aotd EARAY $5 RIqN WEE G4e B 908 MUy
+ e F& A= 9. .

29 FHELS F2(10m) F5°] F(40~50m), AZ(90~100m) H&Hch
AAAAN E5F Wz Yegon F - 4% #4& 2 A7 gdoy Az F
20] A2HY 239 A2 $EE 15~170cm/sd) BAE AFF A%A A
& BEFnos dgHoE HIFHE THHAI o Aol WLY A P E
S gAHos 292 2 A= QAW Sta, C DAME 29 fgo] dA
A e ALE #E5H3 Qo

#2712 29 &3 A 44 D AHY EZAM 1375cm/sE HUL A
ZHY FEYTF dehE Z2FE 28 o 293 42 o GEYaeln &
&e HAZ 20~50cm/s AEClT BEE A ARS 29 BAYC] AN
F F59 44 109em/s0l S EFoloh

—-191—-



N

FaEd

ZAF. 1974, 3 @t At AFUF BFF AF. FHFAAAFY AT
B3 12, 107121,

AT - xF4 -0l 33 191, A AlF= FEHGY] F4 E saed dF3
¥818) ), 26(3), 262~277. |

AUE - 37 194 AFE FRHA FPdE FTZUSAASTO % AT,
A3 A, 27(5), 515~528.

FZ - FEHHIT. 1983 AFHAY FEAFA SHs= A9 G, FFHAE
3], 16(4), 299~304.

BHE. 1985 HMHE AARBOWBEFERECHT 2%, L8R N
KEE, 1~125,

FHERE. 1934 BABRUVHKOBBERENEBI(E—-K BAE-EEEALTRE).
KEARBBME, 5 57~190.

FHER. 1936 ARBRUHOBEBEORLE-R BAR-ERERATHY).
KREABERS, 7, 91151

HFERL. 1974, BHABEROBEROKNE. HERK-SEBELBE. BEAK
EERER, KESB: ) X5, fatknt/E4m, 27~41.

Le, K, 1983. Some Results from the study of the path of the changjiang
diluted water. Int. Symp. on Sedimentation on the Continental Shelf,
with Special Reference to the East China Sea, Hangzhou, April, 34
6~351.

Lim, D. B,, 1976. The Movement of the waters off the South Coast of Korea.
J. Oceanol. Soc. Korea, 11(2), 77~88.

Moriyasu, S., 1972. The Tsushima Current. In Kuroshio, its physical aspects.
edited by H. Stomme! and K. Yoshida. Univ. of Tokyo Press, Tokyo,
353~369.

Yu, H,, D. Zheng and J. Jiang., 1983. Basic hydrographic characteristics of the
studied area. Int. Symp. on sedimentation on the continental shelf
with special reference to the East China Sea, Hangzhou, April, 270 ~279.

Beardsley, R., R. Limburner, K. Kim and J. Candela, 1992. Lagrangian flow
observations in the East China, Yellow and Japan Seas. La mer,
30(3), 297-314

—192—



N .0¢.¢¢

N ,00.v¢

N.O¢ . vE [

..ﬁoso JO S}EBIIG 9Y) ul suornels diydeI3oueddo JO SUONEIOT '[-9 "B

T

I

o sfong &

og=1os

1.0¢ .ANF E .oo L2l 3.0¢ 92!

.HoawE uco.ﬁzo \V
-
o aLo e

e oy _...‘._.___.A.._..A_._._ .%.,z

5 o ens

og-uosbuoay)n oo 1bog

IR (S mw@ N

R E T

3

3

.00 ,9¢1
1

?L0.

] =ubnges

—193—



Aug. 198!

e B /\/_\\ 34
Z1 J 1 — I

*Surfoce

33°N

32°

—43'0

122° 123° 124°

125°

126°E

Fig. 6-2. Horizontal distributions of salinity(%) at the surface in August,

1981 (after Yu et al., 1983).
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Fig. 6-3. Horizontal distributions of salinity(%) at the surface in July,

1981.
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Fig. 6-8. Annual variations of the depth of salinity 32.20% in Fig. 6-7. The
horizontal broken line indicates the depth of 25m.
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A7TF BFFHN F - ARGANY

IRELdLe TALESA

A1d a7 e

ICSU (International Council of Scientific Unions)= &< JGOFS (Joint
Global Ocean Flux Study)ol i@ BriejA &% F¥HE (Ocean margin)ell A €]
A5 BE5E AFSn dFFUEY Ity EF g g A7 Y8
Zzsgc B3I AMANA dFFEY dzie] AT AFANM
$- F8F HgFY ol
T FEE US53YL YABeEREH A3 49 2 % HIYEH A
F 714 RS0 #4° g dSARA Mg E AA 20 AFY ) 2
S99 FRALF7t FYHo YR FE4T ALdAFS MR EFHYI
g ol EFAAL FFINY A ERRFS AAIY. £ UFT
dddNE SEF/9SF0l XY USAN 455U £455H0 ySZUe
mel gSEAeR olFHoA ] HEd Hey A} B4 4F WHs ag
(Liu et al, 1992; Ito et al, 1994; Chen et al., 1995).

538 28 °N o|FdA E7|He dvidFe #&, 38l € Fald &€, 4
S HEE APEYLT 2ZE HYEAL 5487 Q&9 (Song et al, 1990),
g2 g, g3 L FF7 FRAGY A L EASHE FFIH F AR
Aol Fa #HFHAN g8 AFHNAY oY ¥ ded g $g
e Fasdd si3e A3 o g E FFTANY EEFU9S
AF EXEAH 2 F2AL 7IUF9 AHES oldddE Aol - FasH. -
E3] F39 A¥de AM2 AdA FFZEAAY ol EAcEHE AF W
Fol dAadge] ¥F 29 G E 243 fe FddM FFTE NFFAL
AZFAA 257 279 (Chen, 1997).

E5FddM F2AL 71959 HF&L Ra §9H (226Ra, 228Ra) F+3
25 ol &st FA" 4 9t} (Nozaki, 1989; Elsinger and Moore, 1984). 228Ra
(W7l 5.7d)3 226Ra (WE7H7): 1620W)2 HA U/Th AE A dFozA
F2 AFHIEZYYH FFHAY ZEVIYEY JARAEZFE 2 (desorption)



Hel 4Adde) FFEY (Elsinger and Moore, 1984; Reid et al, 1979; Okubo,
1980). &47199 FE84% 9 LYEEL dUYH dFHAAM AFAIZ)
FAd ez Fof gi-Fo] At gFFAY HAEANA IAFHE wide)
°]€ Ra FHAHEL AFFoN 484 L TAZHE A nutgHdoz &
T3 <@ 93 FAHT WuHEAN Agoz iy ofoz PolPd uwel
583 F4A8d. 53] 228Ra/226Ra ¥lE 23 w77t &AL 228Ra] ¥4
s WAsteEr] Wi HY UL F4 wet A dE FH& Bk wEy
o] Ra TAMEL 4 Ao MEYE FIAEY EAHE oddts FIAAZA #
&3tk (Moore et al, 1986 Okubo, 1980; Nozaki, 1989). L2y} #¥¥E &)
oA AA7IA hF-Ee] AFE= F3H (Okubo, 1980; Harada and Tsunogai,
1986)8} FF =8 ¥=7 FH#Y (Nozaki, 1989; Elsinger and Moore, 1984)4]]
A ZAHERQ oY 5 FE g FFIZH 307 N o]EadoAe AFE uy|g
Ayefol .

ojdmzl & AFAMNE AA, TF I FAHEHAAY FEIL: R LEF
719449579 54 BEE5H € FAY EEH L odsn, A2 Fe3 3
YL ETY BAE 0|3 EZ5Y 7|9& FASH, AAZ Ra THAANE
o83y s 7jY % 7|¥d HHE&E FHEH=Y FAHEE Fud.

Al 243 AFE L vy
7b. ZAE Y 2 B2A)7)

B d3d9Le 29 28° 30 ~ 34° 30°, 74 123° ~ 129° 3022 g3y
o IEUT, FE9 5T ZAANYG ¢ 5528 FARHGSE X 3
oz A 19973 3¥ 1¥4HH 109714 1147te) A3 FFHLAT4E AR
T 5783 E AHS3Y AsAH € d33Ee AA89Y.  (Fig. 7-1).

U AR, RE 2y

1) NeA¢ L 53
BEFNGYE € S8 BHE dF AgAHE BEF4 0, 10, 20,
30, 50, 75, 100, 150, 200, 300, 500, 700, 1000 m, bottom)& 7]E o Z & o

Rosetted] ¥ € 52]8]E°] Niskin 71 & o] &3 A5t §E5F7)
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LY AL A AEE 10 % 4oz ng A 20 ml 22E Zg
A He o} YFRAHA APH2 &0 F EMAG

(2) 8&214 (Dissolved Oxygen) _
SENLEFL Winkler $8& o] 43t AFoA &R, ZEI)AA
AH& (AOU)E EWA 42 (potential temperature)? YZOoZRE A4t
H §&U4Y FHFEAA BFEFE 4L FEE M Feos AYdY
o} (precision : £0.5% at 250 mmol/kg).

(3) £&¥F719 %9+ (Dissolved Inorganic Nutrients)
£ drYojelL, Aol L, A Grasshoff 5 (1983)d] oA AFEA
7] (Aliance AutoAnalyzer)& AH&3d ZAFdon ENuye g3 g
o}

- ¢tR1e}o]2 (NH4+): Al2¢] phenol®} sodium nitroprusiate &34l
2 sodium citrate®} sodium dichloroisocyanuate E3-89& 713 @
M A (precision : £4.8% at 1 M),

- A3o]&(NO3-): Al5EE Cu-Cd Columnol FHA|HAA ofAAlo] o=
FAANY F ofALol EAMWHH e “J"%ip_i AT
(precision : £0.5% at 10 #M). .

- QAte]& (PO43-): Al&°] ammonium molybdate potassium antimonyl

- tartarate$} F4re] EFAIFE 7L ascorbic acidE ?1--?_*]94 Ay
A Zth (precision : £0.1% at 14M).

- T4} (Si(OH)4): Al&¢] ammonium molybdateE 78t silicomoly-
bdate complex& W& ¥ oxalic acid®} ascorbic acidE 7}ste] @A)
A} (precision : 0.5% at 10« M).

(4) Ra 94 &4 (226Ra, 228Ra)

#TF Ra THAE FE37] 98 A4 Ra FFFAE ALY At
AXE SFHZE o839 EFHFE 30 L/mn £E2 P 93§
prefilterst MnO2 & T EA|1Z] 2719 EZ=29 "H si+E 10008 €
o] FHAAZY. ANEANH F Mn HE UHE 59 FHFE A 4
S AARY. ¥9HE AN A7IZqA 50T =2 e F Fo}
AZ BE & 234Th 3L 48 10 ml F2d 2o »r AF72 &343%
Ak, 228Ra® 226Ra &AL A3to 20d A F oA A 228Ra
(37 5759) EAR3E 93 228Rad 9l HY (secular equilibrium)$
o] = ¥FQ 228Ac (WH77]; 6.13A17H& SAF A, 226Ra AL dd
HYL o] T HFQ 214Pb (W7 7]; 26.88)e A5 At
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7}.

(1)

2)

3

4)

A3A 2 I
$ETUE R $EFIGYAT FHEE B4

¥F 4304 ¥F 95 232 (AHE L10) ~ 342 ¢ M (A GIEAN 2
L dEY EXFIH /A ALAHYE (K10T, <33 psw)e] AFE= Al
Ao AE 310 ¢ M ooz & wide 123 (>20T, >346 psu)e X
ol $FZd E5FY FEAL FANAME 250 M ojdolt} 3004M
o] &AL FF TR Ao 30 °N o]d7x] A= A} (Fig. 7-2a).
4 20 m$} 50 molA e &34 FF & 7z 238 (A L1 ~ 32 M
(A A2), 215 (34 L6) ~ 337 ¢M (RA G5 HY2ZAN E23 A &
Abste] AlFE AFaige] A2AAFAMNE 300 uM ol ez 3, 1L
nge] FEALFAMNE 250 4 M olstolt} (Fig. 7-2b, 7-2¢). ¢l8& 1L
1G9 QUso AL A FEANLE FFIHE FYHY FEAe59
A5 EF/E T8 SSALYF WSl X F 83 gL 3,
2 gEYolele vxE 001 (B F7) ~ 086 ¢M (BA A4) HY=A
SENL ] R L AFE NGO dAZ Y FEE 294
(Fig. 7-3a). ¥4 20 molNE 049 ~ 061 ¢MEA ¥ Zo] F3HTGE
2ttt (Fig. 7-3b). &4 50 m oA 9 ¢EYolelexx HHYE 003 (A
G3) ~ 133 M (AH ADRAN BF9 EEXFFI fAHET (Fig. 7-3¢).
®3 Aol FEE 048 (BH L9 ~ 995 «M (B 022N 4£342
HFEESG} FAS A2AY (K10T, <33 psw)d AFE AFaHAME= 6
M oo g e utde ey (>20T, >346 psu)E Hol: SF 33
g5Z FEAL FAdME 1 M oldteltt (Fig. 7-4a). 41 20 moA
£ 062 ~ 1059 pM2AN EF9 BEFEH FAEIY (Fig. 7-4b). 4 50
mol 9] Aol ¥EE 069 (FH BI) ~ 654 «#M (BF 02)9 #Hg=
A BEF EF Y FAEE B3 o] nuy gt AL ¢
N (Fig. 7-4c). ®% Aol FxE 001 (AW LI ~ 065 uM
(BA 02) HAZEAN Aol v X9 vhiAE A249 (10T, <33
psw9 AFE MFHdAME 03 4M olgeln, nengd (>20T, >346
pswd FFIFsH FEZRe F2AL FANMHE 01 M olsteltt (Fig.
7-5a). ¥4 20 m & £4 50m dA 9 Qitole FEE 001 ~ 050 M=
A B3 FAS BEEXEE 299 (Fig. 7-5b, 7-5¢). TASEE HBo] 21
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(3" M9) ~ 1864 #M (A4 02), 20 mAIAE 09 ~ 2203 £M, 50 mel
Ae 20 (B34 M9 ~ 1383 (B3d 02)9 HA=A Ao ¥ ol
SERES] fAE AeAQLY AF NFAdelN 15 oM oj4e2 ¥
(Fig. 7-6a,b,c).

. $E4L 2 $EF/GYGH FHRE 54

(1)

2

3)

TELA A (NBFAY Joa)

LML FFE AL2AHY OlITC, <344 psw)e! AH A4Y 4 75 molA
296 ¢ M2 HAZE BEQx, FFAUGUN dEFOoE T E FAsd 2
A4 (3453 pswE FAE AH A69 50 m FAHAAN 256 ¢MEA HAg
€ B9t (Fig. 7-7). ¥3Hcg2E B339 Ao vy gddi.

g jolo] &, AAto]lL, QAo H FibEEE A2 SEULEHF EX
9} fAFETH (Fig. 7-7). AL (O11T), ek §844 (5290 ¢ ME &
3 A" A49 0~75 m FAANE gEYolol2FEE 1.33 ptME &
utdo] FAlo] g, Qb2 R FARE 77 <28, <02, <40 #MY e F
& ZE Aol Sojsr -
#24 D (126 °E % ddd)

$ENLG FEFINQYLGEF TEE LY FHEF] dojus FH D
2~D7, A2 ALAYSE (K127, <339 psw] #4022 o] PAH ol
e AAH DI~DI5 ALAIGF nL&nds 5207T, >346 psw)te] A
! AA DI5~D17, 22nds7t dHE AH L6~M8F A 4 7+He=
U 4 At |

dutH oz SEANALY FEFINGILAF T EFAA FFos AFE
A28, JeAde EA4L 2ole AY DI~DI5Y 4 30 m ol 4
Z2BoME AAO]L Aol W FAEEIE 47 <30, 0.2, <40 M=
gt} wgle AFE ol&E&Y (AA D2~DNAME L¢3 F£AEFHLZ 2
8 Aoz FYHH, AFo2 HE FFOE U Aol g, Aol
R FAEEE 4z 35~60, 02~05 4~10 M9 Hgelth. 29 °N old
9 AA L6~M89 EUEFFAME HIFY n2angs (5207, >346
psw¢ fdoz Aol il ¥ FiFEE 4% <10, <01, <20
aMZA A9 AR UAT £2U42 L FAZ d9 F4AF7 e 4
494 == 333 F7Hdd (Fig. 7-8).

TS F (38 )
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4

®)

(6)

(7

(8)

SEAL L LFHIGYEF FEEEE U B - AZTUY EFLE
3 sAFo2 FUdit AH F3~FrY F£ L dEAME FA=Z 3
o LAY (K9T, <32 psw)9 EA L Hols FF ZHAGAAN &&404,
AAo) L QAol U FAEEYE ZHz >310, >9.0, >06, >18 1 ME ¥,
Fue 2 G E 42 <280, <4.0, <03, <8 M & ¥t} (Fig. 7-9).
FEA L (FFFd Yd9Y; 285~295 °N)
LE42EF R SEFVYYYF T VASE (B3 08~L3dA=
FAHoRE FYsd. YaHFoR AFE olg FEELS FAId9 19
(>346 psu)e] FAIHEHAY FAEFZAA 9 S384L FFE 240 ¢ M 9]
stolm, Aol E QAo EE 7 <1, <01 M A ZY¥H 3
. FA Fotd weEl Aol R QA FrE FF3 FEA 4
500 m A Z}Z 317, 23 M9 Hdigte 2499 (Fig. 7-10).
FEA M (5538 FAHIGEYH; 28~29 °N)
£E30A 2 SEFNGAYYTF FEEXE F2 € QEEESY FAEY A
Aol &, Qo] 2 A EE dF3UAM JdAFer AF-E HA A4
o LE&AYF (>18T, 346 psw)d E5A4E Hole FAEFZTAA Y Albo]
L, Adatole B FAEEE 747 <10, <01, <20 «M 2 Z¥gsHo] U
(Fig. 7-11).
P24 0 (123 °E FE3d o)
FA0l 70 m JHE L& BEM OdAM Y £34r 2 LETRIGIEFH
FrE dAZ FAFHoz AU §24k4, Adbol L, Qitole ¥ HA
F=¥Y9Es 47 275~310 #M, 49~108 ¢M, 0.3~06 M, 9.0~216 M
24 H2AY (K10T, <33 psw) §4L Eolv HFJAAN 121¢ (>13T,
>343 psw)d] Y& o2 U5 E F3} g4t (Fig. 7-12).
&4 P (124 °E ¥5949) _
T34 0% vtz §34A 9 SENIYEF FEE FHFe=
T Y} £84L, Aol 2, QAo 2 FAFEEHYE 747 272~313
#M. 35~81 uM, 02~04 gM, 59~155 pyMEA LEF/NFYEHF =
= #3534 0% vAVIAZ A2AYPY EEGA 12199 gEoZ
A2 ZA2AAY, BEE 34 £F)o (Fig. 7-13).
#&4 Q (125 °E ¥H949)
&ML D SEFINGIEF T A2 FFHoz FYddd AH Q6
9 4 30 m e SE2ALEF] 223 tME HAFES 23 w4
Aol 2, Qi) L FAEEE 22 76, 04, 149 1 MEAN HUFE B
td ol 4 30~40 m o YA dEIF o2 A& Y /K789
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3 Aot 3242 Aol Aol ¥ FAEEE zHz 223~329
M. 0.7~76 uM, 01~04 uM, 3.0~149 M ¥HYet} (Fig. 7-14).

A4d 1 B
7} SF3zH FARAY Hald oy Bt

1997'd 3¥ FFFd EZToAMY d&F 52, SgSHYRER £ B4
& Fig. 7-15~7-219] Jerych.

SENALE AEALEF (10T, <33 pswolAE 300 4M oj4doly 219
T (>20C, >346 pswollAE 260 uM ol32 g}t (Fig. 7-15).

gEol o] FE9 £t FAE Aol QQito]2 2 FARE g
FEH4E NG FAE BA (Fig. 7-16). o]AL duty o2 YA ¢gwy)
ol FA&A #7189 E&A 73 94 Edso U2 #49 88 g
AFHES) FaA FEET P AgHo2 AN FFdE ARO/IHEA #
Bl ¥& FEE EASL, 2 FE EF A -FNHez I Asgd
(Spencer, 1975). . ' '

Agol23 Aol FEE HEAYSF (10T, <33 psw)lHE Zz 4~10,
025~065 u«M9 WHHAZA FEW|Fo] At wHiAY LIPS (>WT,
>346 pswolAE <1, <01 zM °lFd2X HLAGFAAY sESHE= g |
9 Fo] wig- F3, A9 APH Qv (Fig. 7-17~18). FAHEE E3 AAbo]
2 9 Aol Fx9 vkl g ALAESF (K10T, <33 pswollME 11~21
eMZ E3, A&AFGF (520T, >346 psw)dlME <2 M o] 2A Wo]Zo)
Zn, T2 £F ¥} (Fig. 7-19).

deHd FE EFAME AXADSF (<9C, <32 psw), L2IAF (2
2C, >346 psw), 23 o] FHFY &3 & EAo] ZAHE EFSF (T
3~14T, S=345 psu) 5 ZA 3/M9 Y4 E(end-member)2.& 1}y o] it}
(Fig. 7-20). ¢EUYoto] 23 AP §24E R $EF7|9FEFS F209
BAANME IAL2nFLFAY ALALE |, AMNLAGEEY 22ndFs 2
o] Tl EAo] axHE ERSF (T:13~14T, S=345psw&E 2A 34 @&
AECE Us F . 49 gHEEd HDee AT 2, 98 2
P EEY RAQL Table 7-19 HeEMUE. d7A s REL FFZoS
et .

—215—



Table 7-1. Characterics of end—-members in the northwestern East China Sea.

Water | T | s | po |Nos|pos |SO®| No S
masses | (T) | (psuw) {(xM)|(gM)|(£M) (/14M) (M)

FIAS | <o | <3 | 35| 99 | 065 210 | 35 | 35(Nozaki1989)
T ‘_-r

8% |13~14|=345| 277 | 40 | 030 | 72 | 312 06

FRAQS| >20 [>346] 232 | 06 | 003 | 1.3 | 238 | 0.2(Nozaki,1989)

A B37] AdME AF ALBSH A=UdE AR EN] o,

Ao dold AHE (QY, 08, L1, M6, Q2, S4, S5)& AN EEFAESY F
gHoz LENL AEHD FYAdFIE F4H FA AHdENYg ngEA
2% AGYY = EAL 29 (Fig. 7-15~19).

AAZ olg AFENANY £EUAL ¥3E 2 JEL a FEE 4 >110%,
Slpg/ll 24 FHHHERT Fo} AEFTYIAEY % BgAol sy,
wely §ENLE E SEFIGLIFFEE HEZEH (non-conservative) & &
AEHRARA g8 ¥asEs 5L 21 A7|dEd BEA WS (conservative
parameter)] NOZ X &34t NOE #7]ERo] E&=HAN A2y &AL
o} A" AAto] &9 § (INO] = 86[NO3] + [02])e.2A &EAA9 AAlo] 2
TEE 44 AEARAA g8 WIHAW o] FAY §& WIHA ey
(Broecker, 1974). NO$} 279 @AM E3 & NOFES ze A2AGS,
- B& NO#Y n2ands R ¥y F 29 d5%F 3/ B4 E (end-member)
< 2o4&Y (Fig. 7-2D).

A9 AES FHHEA 39 FFFH FAFAAMY EF A5 ALA
4, 1224 % FaFo] FeI dE S0 nAHE EFSA AGEE
M9 G E dFe EFA BEYFY & §FALE € LFEINIYLEFY
EXEAN AAHE Ao AW
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Y E3T% 226Ra, 228Ra WAls ¥

19963 109 2938 129714 1193 % 1270 AdAAN 24 % Ra 94
Y48 deARE Aestd EME AT (Fig. 7-22). A1 AAEAMY 4
2 dEL 27 2015 ~ 2606 T, 31.29 ~ 3401 psu WHZA FZAG A
A ALAHY (K23C, <32 psu)& Holx, BFZE Y dSEGAqN 221y
(>25T, 33.7 psu)2 E.49 (Table 7-2).

E24%F 228Ra $AHSL 0075 ~ 0339 dom/l &) HWSIBEN FEX Q09 oA
€ ¥e FFIE A9 d3dAPg YEZ HYdA 02 dpmv/l o] FHe)
R FEE HQ WYY ¥F F FFAXAHEANA 03 dpm/ oY L&
E2E 239 5FIE dE5LEY9oA 9 28Ra FEE FEAL EFAAN
Nozaki 5 (1991) oJ& ZALE 0.007 ~ 0015 dopm/! Bohe < 108 AE =
o olRAL FAlel ¥ HuHdAME= ANFHHEZRE 228Rad] FFol ®7)
o) & o)}, '

¥%4F 226Ra DA 009 ~ 018 dom/l 22X FAEZ5Z9) 016 ~
020 dpm/lE o= ¢zt Wtk (Nozaki et al, 1991). 226Ra ¥AHs ¥ 228Ra
B AR @F 2 FIZAUGUM F31 FEFEH dSEIYAA @Exu
226Ra®] Huiztst H2k3e) FERolE 009 dom/l 2A 228Ra o WAlE 2
°]2l 0.26 dpm/NBThE A3 Aok o] AL 226Ra (t1/2: 1622d)3} 228Ra (t1/2:
575d)7te] wizt7] Aol9} 228Rac] 226Rad] Hld HAEHHEZRE HA o)
FEH7] dFo2 Asd (Yamada and Nozaki, 1986). wetA 4ty #43
o} 228Rae 226Radl W& FdlHoz =& wWAlFL ¥l ojgzte] Ra §
AAELS Al ot A3 G227 gEo & £ EAH EFAEE o3
=9 #8381tk (Moore et al., 1986).
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Table 7-2. Ra isotopes activites in the surface water of East China Sea and
the South Sea of Korea in October, 1996.

Location T S “*Ra ““Ra 28p .

Region|St. | Latitude |Longitude |(T)| (psu)| (dpm/) (dpm/1) %

Korea [A2|34° 31.63'|128° 22.37' {22.14|31.954{0.334=0.020|0.178:0.009| 1.88

Strait |A4|34° 24.26’ |128° 27.95’ |22.96{32.856]0.226+0.0140.140=0.007 | 1.61

A6(33° 57.76' [128° 50.13’ |24.98134.013]0.075+0.007|0.093%0.002| 0.83

South |C1 34" 09.77"|127° 37.81' [22.15|32.143 0.283+0.00910.148+0.004| 1.90

Sea [C3(33° 50.03'[127° 53.98’20.61|32.450|0.299+0.0180.157+0.009 | 1.92

G1(34° 0491’ |126° 49.90' {21.59/31.702|0.337£0.010{0.116=0.004 | 2.12

D2(34° 00.07’' |126° 00.18' {22.43/31.806|0.339%£0.0170.160+0.007 | 2.12

D4 (33" 30.03' 126" 00.09’ |22.75]|32.404|0.293+0.015{0.154+0.007| 1.90

E6 [33° 43.98' (124" 50.18'|20.83|31.342|0.293:£0.009 [0.142*0.004 | 2.06

ES8 [34° 00.02'|125° 30.06’ |20.15]31.929]0.290+0.011 {0.144+0.005| 2.02

East |[B5(31° 29.89' 127" 00.09’ (26.06|33.913|0.121%£0.0210.159+0.007 | 1.05

China |D8|32° 30.04’ |125° 59.88’ [24.65/33.739|0.152+0.006 |0.151+0.005 | 1.01
Sea

(1) € Ra A e} B4 ,

FAY U/Th AYE A AF<Q 228Ra 3 226Rad F2 AFHHEEZRH
kel o3 FEHAAY ZE71499 JAE25FH €F (desorption)=H o A
A FEEG. a2 FAVILe FTEEH OE 29EES 4U4dH
RFBAM AFAZC] FHY v|TFoR Fol o] dAdHt dFIAY
HAZoA JFHHE wde olE Ra TAMEL A5FAA &2 §
F9 23 EH 84 g8 B GAstn FHEA BAEH
(radio-decay)3t] J¥H7tA] J&& vx ALGoz2RH FojHd we F
A F=ETME dehdd. & A7 ERF £84 9F Ra ¥4
A FHAZAM Y #8484 ol#Er] A% FET 226Ras} 228Rac] AF 4
FBAE oA 2o '

226Ra = 0.357 - 0.007X Salinity (r=-0.27)

228Ra = 3.261 - 0.092X Salinity (r=-0.95)

226Racl M| 228Rae YEF 433 FIH d9 YABAE R AT
dHE ¥& 228Ra FEE ZIY] Al FFIA= dWHoz Yy
o g3 A IFE we AL FFUT (Fig. 23, 24). =T 228Raf] 712
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()

(3

71 226Ra9l 71€7189 ¢ 139 AE ¥ oA 226Ra (1622d)7
228Ra (5.75:d)3t9] uizl7) olol 7]QAde RO 2A 228Rad FEo] EL
go2 ALFLE 226RaBtis AdHoE A #AdE RE L 5
=3

228Ra/226Ra®) & =4

g BFAA Y 226Rad 228Rae P&} Fo] ZArst Fwd g8, 949
Fz2ol AE AAA 98 F=/F 98 4 dd. 28y 228Ra/226Ra ¥ &L
232 EE¥3I Wz #L 228Rad] ¥ oA Wi (Moore et
al., 1986, Key et al, 1985). welx HEA< Ra FYAY 9279 BAES
o] &3tq o B EF, FAAAYL o)A AT FHAR ol&Y F
Aot =3 o] Ra FAMQ FEEIZE a9 2 F49 "t A3 g=
7] W&o 3 SF#ANNYg Ao M2 tE ¢HE E-4H THA
EE odHdE FHAARZAE F&8th (Moore et al, 1986; Okubo, 1980;
Nozaki, 1989).

& A8y 228Ra/226Ra vl ¢ &£ J@{FAE 959 2.
228Ra/226Ra = 21.61 - 0.61 X Salinity (r=0.91)

E d3sdol 228Ra/226Rad] ¥ EH= &= d& 2 FZALNA 161
~ 212 2A F2AL29 JFL Bo] P FFEH gFEVA 080 ~
101 Bth o 200 E %} (Table 7-2). 228Ra/226Ra ¥ & T3 9¥n 4
33 F3F Qo JAB/AE Bo FEg FFIEE dutH R HYSFo
& AA AFE ¥ AL Ut dutFoz FI AL FFFAAMY
228Ra/226Rav] & & 0501824 W3, & € FFI& AAdd A= 3-4
AE ¥9)oltt (Nozaki, 1989). ¥ ATF& Y3 F2AL L FsfdAxe &
o th¥ 228Ra/226Ra ¥l= WiAlZ AXBAAE Belxn Ut} (Fig. 7-25). °]
A& G453 3o %%? 4 9t} 228Ra/226Ra Y|/t 3 ooz A ¥ ¥
et BFFE dFE A5 = FEideR Fs 3, £33 228Ra/226Ra
7 1 olF=A ‘i"% FaAN7E FYdHAN AME EFRHO dEE9
228Ra/226Ra ¥7} 2AHE= Aol #49e USE dlse 52 228Ra ¥
EE Za glon FEAL P & AFE FF4 HX% FAH B59 D5
o] 228Ra/226Ra W& ¢ 124 3= Faduvt ¥& 228Ra/226Ra W& 3
=4,

= GG s € FFEIE dEETY 749

228Ra 7t &3 ERdde ¢ FAHEYR MRS (Nozaki, 1989) of -
4 T FIFAY 5T FH F5IE 719 dSFE dAFY o
€& 7% + Ut
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[®Ra/Ralssk = [{PRas+ (1-0Rax] / [{*°Ras+ (1-f)*Rax]

fol diste WP e A4

f = [(®RaRa)ssk - (PRa/Ra)x / {(PRa Ra)ssk - (PRa/Ra)x
+ ®Ra/Rax [(*Ra/*Ra)s - (PRa/*Ra)ssk]} ------ m

f = a fraction of the shelf water component in the South Sea of Korea
SSK = South Sea of Korea
S = The Shelf Water
K = The Kuroshio Water

B ZA19) Nozaki (1989)e] A3 E <1 &35 &3 g}
(*®Ra/Ra)ssk = &3l AH¥ ¥l& (Table 7-2)
(®Ra/™Ra)s = 35 (Nozaki, 1989)

(*®Ra/™Ra)k = 0.2 (Nozaki, 1989)
25Ras = 0.131 dpm/l (Nozaki, 1989)
#Rak = 0.065 dpm/! (Nozaki, 1989)

99 ARE WA (DA AYL 348 FadAMY f gL 0105~0.408 (I
0.36)] HHolt @dEo] 32 psu olFHZAM HAH FZ At YT AH D2
Al HAZk (0408)8 Eole Wi o] 34 psu o|A 2N wluA & FAH
F 7% FEAR9 odie wol W iy FYEd AT FA A69A
010524 HAFgE HA F YA ZEsA dedd X3 AAH D29 FE24F
oF 41 %7t &3 2 FF I dFEATE 2y 71Y3s vido FY A6
11 % Axd B33,

AsS5HE 2 &

(1) 19973 3¥ FF33 FAF&AANY B3 2332 € 2297999%
EE Q58N FEALFZeR AT FAdm, A2AE AFAEHY
M E& Wi 2L 1PA FRAL SgdM g

(2 538 FAFYAAMY B sive AALS, 22ndsy %R o] FiF
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9 £ 9F B4 AYE EYSE 349 SR A5 g HE
#Pel A8 SEMx R $EF/YYARY 2T Yo FAHE oz
gud,

(3 ¥2Esieh TN L FAUSHAMY GRol B 28Ra/2%6RaH 9 F
5% AHBAE 28Ra/26Ra ¥7t 3 ol BoBH B Bao E2d o

8B 847 3 @At AUSD, T 28Ra/2%6Ra7 1 ol HEA
& 72Nt HUSUN N2 E¥so] el 228Ra/226Ra 7t AR
= Aoz AzYh |

(4) 228Ra ¥37} 157 EHHE 5% FAUGT AR A 249 @
g9 A5F B $339 7199 dSY A5 AL e 011~041
(BF 030)024 WA A A4F o 11~41 % (BF 36 %)= 359
328 A3 2slN | Aekn 59~89 %= FALATAN 7| At
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7L 424

SBE25 (Seabird Electronics Co.)& A28 42, 9%, 3%, £%34Ac-E @
o2 SR, AF7IE AHESA HFE AHEY o) F 129 HEE
GF/F(Whattman Co.) ¥EZ A& t& ul2 90% oAIE S @0 2443
T EENAY 459 £99 YFE 924 EELY (Sigma Co)o2 B A
® Turner model 10 fluorometer® Z3A34 Stricland and Parsosns (1972)9)
WS g GELFEZ . oA ANE 9242 e o839
SBE259] A ¥ Seatech fluorometer® &3 9 A EE99] FA A9 uj/uidS
T&o.

Y. P-1 EA

P-I 54¢ A7) 943t & =AM Babin et al. (1994)9) radial
photosynthetron ¥{-& 21858 ct. A#HE AAo 60ml Falcon culture flask
§ 492 wdstn dFNA diffused lightE HlFo] Eatxa Yo JFo ¢
7k A71A sk FY9e2E Osram HQI/D 400W ALE A&+t
FE 2 AL FASHe 4 Eetxa9 FFE QSL 100 scalar quantum
meter (Biospherical Co)& WA &A% Ad. 29 zH& 39 EF N5
A ZAAY HE FE uIEAR U2 ¥R AF A=2d AS
circulation bath& A}83to dFe & FAJAH.

A8 70mlE& A3t 1 28 e multi-dispenserdll ¥ ©& 14C
(bicarbonate, Amersham Inc.)& #7Isld & 4& F 10~12719 ZEg234
60ml 4 FA&At. FAld 249 27 GHE ARE WEJL. & Y3
o 50uLe] ABE A3 scintillation vialdl B3 50uLe] ethanolamine®}
05mi8) FF4E 7t 10ml9) Aquasol-28 A Fetct.

Wjgeo] BYd FA] 12709 filter funnelo] ¥ manifoldE A A 0.45pm
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nuclepore filter2 33 F AHRXE vialdl ¥ol IN HCI 0.1lmlE 73l F=
o ¥i 2 Azt 7} fuming3dt™. Fumingo] E4® ZA] Aquasol-2 10mlE
7hete] WA B@¥ H AYAA  RackBeta II Scintillation Counter2
dom& &3t Total alkalinity® F=337] 9139 Parsons et al. (1984)
9] ¥ ig wel A8 100mldl 0.0IN HCI 25mlE 718t A ¥ pHE &A%
dd. EE 9IA RGN 14CY FEE 006~0.1 «Ci/m7t HEE 3.

P-1 43944 9ojd Aae tdg9 F 71A F 49 P =¥ HE
g3t uifEss ddd. FAH} AL BE BFAY F+E Poisson #3
o2 % R¥o] AYs g3 2ol FErt (Cullen, 1990).

P=BP?, (1 — exp[— a1/ PB))

o714 BE AAF, 132 B 99 ANFZ uANSFAdL 9uich. PB
E 9 954 2 B Foln, PmBE X3} BE ojAdAMY o AANFE F
B34 %, £ F3E (assimilation number)oitt. o= BYAY) FFA EL&H
{AE "R E5E JRAY-FE FH F E3 BE ol AP w9 )
€71& 7k 4. '

BAEH Aol A& A$ 3 A9 wARNFE kA U= Platt et al. (1980)
9 2d& AHEsy

P = BP° (1 — exp [ —a”1/ P2]) expl— A"/ PP]

BE BAs FEE AAAE sl ¥igolgd. PSBE -0 ¢d PBY Hu
#ez Aodv}t. Gauss-Newton Hol| 23 u|dy wdo] A}sg 3o uls)
Uy FAE AT 49 Al JkA Z1& oAEFd N g9 A JHA oW
7t =9 A A7l He FES Im 2} 39,

P? a+ B
In =" In ( B )

o] W Hol JF}YUL (F3&)
g1

P =P (ts) (i)

2 Foq. EF F HE v/ S ke (Talling, 1975)

I, = ‘—fg’;i o€t




% %% &3

6719 AA A MER2040€ AH§3t9 13 Adel X ¢ downwelling irradiance
¢} upwelling radiance® &A33Act. 2z A9 ¥ SFdiE= 340, 380, 412 443,
490, 510, 530, 555, 590, 625, 665, 683nm Zo°|t}.

A24d A IF
7t gE249 BY

HEL9 FHY E2IXIE AGFY divldFol YA A E¥e 9
# BAE 2AY (2 8-1). ZAAYL AAFOZ 05 mg/m’® olF9 te
HE4L 2EE 2olu Al A9 AAdA 1.0 mg/m o9 ¥& MAFLE Mol
I .

(1 J&é’:i C (a9 8-2) -
& 357t 06 mg/m® ooz Ny ggen Addr gL FQ

001 > C06 WFoE Zslete APL Hgeoen cos—cosoML FA

30-40m ¥ AF 924 HgFo] ey,

(2) #&4 D (2Y 8-3) :

A4 DO7-DUZAA H3 25 mg/m® o o)2: =& g=4 AEE Hol}

2 @29 DI1291A D179 ol27]74A 03 mg/m® °l3te wj$ ¥e AR S

24t B2 A D4-D07L AE7t 08 mg/m® o]tk
(3) 824 F (29 8-4)

FHAAAY BN AFE Fo2 RolAE Ao ANSH 05 mg/m® ¥

29 w3 ¥ A5 E Byt
@) B34 L (2Y 85

AAANA 05 mg/m® ol3te) #& e Hot LOlIA LI0ZSZ 3o

Ao ot ¥ FZ7F YA QU
G) FZH M (29 8-6)

#32A L Pty g GF9 YA MAGgAME 84 & A5 924

F27F FAEo o MOA-MO7TIIME EFM ALEY +IF BIL &

o7t " E Holxn U

o> 9
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6) #54 0 (29 8-7)
EE5dE dArrt don ddo A O10-OLIdA T a2xe) g282 #o
HEra gl ole MACA delhd adxsg A4d FRojt

(M #34 P (29 8-8)
ANHe2 P84 PYEE Rouy P06 H3d 4} dEs =& (06
mg/m’) FE7 YNNI AR $39) AWEI} FolAn EADHA
NZHE I3 2712A9S AR,

. P-I §4

% 3BAY P-1 48 BA2 H}SY P-1 EXL 4 A ¥ ¥ 819 &
%}l Aot a9} F$ 0.0042~0.169 mgC/mgChl-a/(E/m%/s)/h, PmBE 1.817~
24615 mgC/mgChl-a/he] & BHd. 23S AEE Jehy:s kE 898~
3064 HE/m%/se] W48 Bk aztd) EE¥E= gFo= 19959 B wia
I PmB @9 EEUHAE 19959 BRg: =g weld zAA 79 e
ERIAELS 39 AAE wEHol Fzo FolAA FAY AL ¥
A= A FuHd Qo

o 3% 54

T2 LFAF] EHEXE 29 (Y 8-9, 8-10, 8-11, 8-12) case 2 M3
540 3. F, d24 3 JUYQ 48BnmolM 340nm ToE T4
&3%o] F71 3 gtk o] CDOM (colored dissolved organic matter)t} ©)
A #7180 EWe] JAE R{Ad 9@ Roez 2RFEY (Kirk, 1994).
FSK cable®] 3oz &4 $40] 10 m ol3td] FAHUY}. 1 A7} AA 6
el BAHAA FF Rl FAHALY o]F dubdFAQ LI0, L1198 AgE &
71 A3l
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Table 8-1. Primary photosynthesis parameters and derived parameters.

t

Station. a Bt Chi2.
D10-0a* 0.0288 5.853 203.2 0.6720
D10-0f*x* 0.0207 3.927 189.7 0.26115
D10-10a 0.0233 4.851 208.2 0.33302
D10-10f 0.0271 3.951 146.0 0.10930
D10-20a 0.0143 - 2.340 163.8 0.09046
D10-20f 0.0124 2.056 165.2 0.08335
D7-0a 0.0223 4681 209.6 1.49934
D7-0f 0.0211 2.384 113.2 0.10816
D7-20a 0.0394 7.567 192.2 0.43613
D7-20f 0.0283 5.031 178.1 0.23388
D7-30a 0.0444 7211 162.4 0.35618
D7-30f 0.0369 4.694 127.1 0.49236
D8-0f 0.0164 3.808 2325 0.32052
D8-20f 0.0348 5.176 148.8 0.54432
L10-0f 0.0096 1.817 189.2 0.04795
L10-20a 0.0515 8.568 166.3 1.95517
L10-20f 0.0458 7.317 159.9 0.28503
L11-0f 0.0042 1.302 306.4 0.02922
L11-20a 0.1699 23.770 1399 11.7955
L11-20f 0.1497 17.445 116.6 1.77912
Ol11-0a 0.1504 24615 163.7 3.45219
O11-0f 0.1243 20.531 165.2 2.16248
011-10a 0.0361 3291 913 . 0.05096
O11-10f 0.0260 3.220 123.7 - 0.01865
09-0a 0.1157 16.615 143.6 2.77310
09-0f 0.0311 9.379 302.0 4.16950
09-10a 0.0923 8.292 89.8 1.76653
09-10f 0.0448 4284 95.7 0.89138
P6-0f 0.0329 6.535 198.5 241084
P6-20f 0.0129 2.519 195.1 0.39558
Q9-0a 0.0692 12.010 1734 0.49792
Q9-0f 0.0535 8.329 155.6 0.15650
" Q9-10a 0.0703 12.716 180.9 0.83627 .
Q9-10f 0.0559 10.060 180.1 0.70631
S514-0a 0.0599 12.253 204.6 20.6962
S514-0f 0.0178 9.424 529.9 0.25945
S14-22a 0.0409 10.541 2580 - 2.46920
S14-22f 0.0257 7.123 2774 0.42955

Units mg C (mg Chl a )" h
Units mg C (mg Chl a )™ (E mzsl)lh1
Units #E m™>s™

by ABM method
by filter method

—257—




A3H B 9

ZAMA7IE 969 SAZAMA (4-59) ¥l 1 & ol o]& Asjoly ojn] =
AHoz HE EFIAEY T4 dojudn . ol u/lg 2diddA do
e &4 dF29 2719 4-59 B0 mad, dutEel &4 g3 YA
9 F7t2 A Fo] dAdn EfRFo] Lot vt YAFA (critical depth)ol
FolA AEY Fel dojuA dAdE 29 F-9U%Y 712 (Jones and
Gowan, 1990; Pingree et al, 1976, Platt et al., 1991, Steele, 1974; Yentch,
1990)2 A9 Hx g

agivg B ZANZIE ojgd xdo] wEFHy Aol HAA Fulgdh
FHol 4oy Fo] AR d& bd& FIy7 e AMGen Y 8-1414
BXo] 3719 o] Yeldr ¥ e 2z DI, Q7S FALE Fm Y2 o
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Fig. 8-1. Surface distribution of chlorophyll-a.
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Fig. 8-2. Vertical profile of chlorophyll-a at the cross—section C.
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