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SUMMARY

I. Title
Study on oceanographic variability in the formation area of the
Tsushima Warm Current (I)

- KORDI Program for WOCE/Surface Velocity Program (third year) -

II. Necessity and objective of the study

1. Necessity

a. Acquisition of qualified data and information necessary for
protection of ocean environment, fisheries, and exploitation of
marine resources in the East China Sea (ECS) and the northwest
Pacific,

b. Extension of the study area from the coastal oceanography to a
larger scale oceanography,

c. Introduction of newly advanced observation and analyzing technics
by involvement in the WOCE program, and internationalization of
the Korean ocean sciences.

2. Objective

a. Study on the origin and formation of the Tsushima Warm Current
(TWC), and its relation with the Kuroshio,

b. Investigation of oceanographic conditions in the ECS and northwest
Pacific,

c. Internationalization and advancement of the Korean ocean sciences

_9_



and technology,
d. Extension of the present coastal study to the deep and open ocean
study in the near—future.

III. Scope of the study
1. Satellite tracked surface drifter experiment
- Building of satellite tracked surface drifters
- Deployment and tracing of drifters in spring, summer, and
autumn-winter
- Distribution of surface currents in the eastern ECS
- Origin and seasonal change of the TWC
2. Observations of CTD and ADCP
- Three times CTD observations in the eastern ECS
- Twice ADCP observations in the eastern ECS
— Analyses of water masses and of the TWC water
- Processing of ADCP data and preliminary analyses
3. Seasonal and interannual variabilities in temperature of the upper
layer of the northwest Pacific
— Acquisition and processing of BT data collected during 1964-1983
- Structure of temperature in the upper ocean
- Analysis of seasonal and interannual variabilities in temperature
4. Characteristics and structure of general oceanographic conditions in
the ECS
- Review of research articles and oceanographic concii.tions

- Data collection and establishment of oceanographic database



Preliminary analysis of BT data collected during 1960-1989
Oceanographic conditions and water mass Analysis
Seasonal pattern and structure of temperature

5. Data collection and preliminary processing

Coding of sea surface pressure over a 10 years period of 1978-1987
Estimation of surface wind and long—-term monthly distributions of
surface wind field

Collection of bottom topographic data and mapping

Collection of numerical model codes for the second phase study

IV. Results of the study

1. Satellite tracked surface drifter experiments

The present project has been carrying out as the Korean World Ocean

Circulation Experiment-Surface Velocity Programme (WOCE/SVP). Five

drifters were built by the research group with assistance of Scripps

Oceanographic Institution and ten drifters were deployed west of

Kyushu, where the TWC passes. Drifter deployment was carried out

three times in July 1991, April and November 1992. Surface current field

and seasonal change of the Tsushima Warm Current can be summarized

as follows:

- a persistent northward current, corresponding to the TWC, on the

shelf west of the deep trough which flows toward the Korea Strait,

- a southward current on the right flank of the deep trough flowing

along the west coast of Kyushu,

- an anticyclonic eddy with diameter of order 100 km in the northern



deep trough,
- seasonal change of the path of the TWC.
2. Observations of CTD and ADCP

CTD and ADCP (vessel mounted) measurements were performed
during the same period of drifter experiments. Three times CTD
observations were conducted basically along the two sections (a
north-south line along 127 "E and a west-east line along 32 “N) and
ADCP surveys along the CTD sections, twice in April and November
1992. CTD data collected in the Korea Strait were also analyzed. In the
summer of 1991, fresh Changjiang River diluted water spread widely
over the East China Sea, reaching the eastern ECS, but in late
autumn-spring 1992, the fresh coastal water retreated to the coastal area
south of Korea, consequently forming a strong thermochaline front along
a line connecting Chejudo and Tsushima. Warm and saline water found
in the Korea Strait can be identified as the same water mass observed
on the shelf west of the deep trough.
3. Seasonal and interannual variabilities in temperature of the upper

layer of the northwest Pacific

BT data collected over a 20 years period in the northwest Pacific
were quality-controlled and then transformed into gridded (2 X 2 °)
time sequence datasets. Statistical and complex empirical orthogonal
function (CEOF) analyses were applied to the gridded time series data.
Seasonal variability in temperature is most important at the sea surface
and according to the phase analysis, seasonal warming and cooling are

found to start in the western tropical Pacific and then to propagate to



the north and east. The seasonal change is closely related to the
seasonal change in thermocline depth induced by wind fields. Interannual
temperature anomaly is maximum at 200 m depth and the anomaly,
propagating with a phase speed of 10 cm/s to the northwest, may be
explained by the first baroclinic Rossby wave.
4. Characteristics and structure of general oceanographic conditions in

the ECS

Research articles describing physical oceanographic conditions in the
ECS were reviewed. CTD and BT data, recently compiled by the JODC,
were quality—controlled and processed to establish a database. Gridded
time series (05° X 05 °) of temperature, computed from BT data
collected over a 30 years long period, were analyzed to get long-term
monthly mean temperature and vertically averaged temperature.
Seasonal characteristics of water types in the ECS were investigated
using a part of historical CTD data.
5. Seasonal characteristics of the TWC

Experiments of satellite tracked surface drifters and CTD
observations gave direct proof of a persistant northward current on the
shelf of 80-150 m depth west of the deep trough, transporting warm and
saline Kuroshio water to the Korea Strait. The current corresponds to
the TWC. Its path becomes farther from Chejudo in summer than that in
late autumn-spring. On the other hand, a drifter deployed in summer
entered the western channel of the Korea Strait, but other drifters in
autumn and spring flowed into the eastern channel. The seasonal change

of the path is closely related to seasonal pattern of hydrography in the



northeastern ECS.

V. Conclusion and suggestions

The research activities of Korean physical oceanography have been
conducted mostly in the coastal area around the Korean peninsula.
Oceanographic conditions in the adjacent seas of Korea, very variable in
space and time, are strongly affected by the TWC. However, our
understanding on the TWC is very poor and primitive in spite of its
important role in controlling the oceanographic conditions. The
experiments performed by new methods provide different results from
previous suggestions on the origin of the TWC. The TWC is neither a
branch current flowing northward through the deep trough west of
Kyushu, nor a northeastward continuation of the Taiwan Current over
the ECS, after passing through the Taiwan Strait. The persistent
northward current on the shelf west of the trough may be considered to
be a part of the shoreside fringe of the Kuroshio with relatively weak
speed, following the same isobaths dfter separation from the main
stream.

There are no hydrographic and current data proper to give a direct
proof of the branching of the TWC, just before the southwestern mouth
of the trough, so that more precise field observation programs in the
near future should be focused on the clarification of the branching
mechanism, together with physical structure in the branching area. Also
monitoring oceanographic conditions in the ECS is recommended to be

carried out regularly after establishment of baseline survey network.



Numerical modelling for regional circulation and mixing processes
between shelf and Kuroshio waters are suggested for the next phase
study. A cooperative observation program between Korea, Japan and
China is recommended to survey a large portion of the ECS within a
short period since the oceanographic structure in shallow water responds

quickly and sensitively to meteorological changes.
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2e2 71FdE AF g0l PAHIL AN FAT A AFH FRe /NFAFTE A
FHo2 4137 3 AANIRETE =] nHo} dodE H2E A4
o 1980Wth Z¥E HE7) NZH}

AS7A AHEERE A BFIPFH PHeE Y5 Aurve=e HY
89 qBTzo Y st oA ol FAALFII T F&3t HAHQY
HFAE7I RS AT AEY A3, /e € HIEJ7IECl RIS
AYx7t DA 2L 571718 EAYEE o4 FFF HAS #X2LY
718& Aty Y3 dq71ed 28 HF-dr] F2 e d¢ A7 9
FE714 st BdIUR olF AY UFE HAFAEY AAHIAcELY
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Pre- 1980 1991 1992 1993 1994 1995 1996  NoDate Uncommitied
WOCE
P3 (85) P16C P6 P P9 P24 P15S  P5
P4 (89) P16N P13 P2 P12 P7
P16S P14C P8 P14S P11
P17C S4 (P) P10 P15N P20
P17S P14N P15S
P17N P18
Pi7E P21
P19 P26
P25
P27
P28
P29
P30
P31
ceee PR1 > PR8 PR10
.- PR2 > PR13S
-.-- PR3 > PR26
.--- PR4 > PR4
ce-- PR5 >
cee- PR6 >
<(89)-PR11 -—> <o PR o>
PR12 < PR12 >
<(89)-- PR13N --> PR13N
<(89)-——-~- PR15
- PR16 >
< PR17 >
< PR18 >
< PR19 >
< PR20 >
. < PR21 >
< PR22 >
< PR23 >
< PR24 >
aeee PR2S -een?
.e-- PRS1 ---- PRS3 PRS4 PRS7
e PRS2 F- PRS5 PRS8
< PRS9 ... PRS6
<---PCM1 -----7 PCM2 PCM4
< PCM3 > PCM13 PCM8
< veeerenmee PCMS oo - - - -2 PCM10
< PCM6 > PCM12
<ooemen PCM7 ------ > SCM12
<------ PCM9 ——-> SCM13
< PCM11 > SCM14
<o PCM15 >
< SCM3 >
<----— SCM11 —-(97)>

Fig. 1. Timetable of the major WOCE events in the Pacific Ocean. P+number

denotes the hydrographic one time survey sections, PR+number the

repeated hydrographic sections, PCM (SCM)+number current meter
arrays, and drifters ARGOS surface drifters (after WOCE International
Project Office, 1993a).



Pre- 1390 1991 1992 1993 1994 1995 1996 No Date Uncommitted
WOCE
(89) 6 SOFAR
8 SOFAR 17 RAFOS <-- 90 RAFOS --->
Crmnmmnnn e 12 RAFOS ---eeeememmmmeeee >
8 ALACE 2 ALACE <--90 ALACE ---> 40 ALACE
<--156 ALACE --> 6 ALACE <~-eoem- 40 ALACE ----o---- >
<-- 80 ALACE --(97)>

< —eenaeesmee 27 ALACE +oeeeemee-(97) >

Drifters: 145 412 397 408 358 53

Most Low Density XBT lines are covered to some extent from 1990 or 1991 onwards. They include:
PX1,PX2,PX3,PX4,PX5,PX5,PX7,PX8,PX9,PX10,PX11,PX12PX13,PX14,PX15PX17,PX18,PX20,PX21,PX22 PX25
PX26 (TRANSPAC),PX27,PX28,PX29,PX31,PX34,PX37,PX38,PX44

{Almos. water, Sea ice extent)

Uncommitted Low Density lines are: PX1 PX24
PX15 PX27
PX16 PX28
PX22 PX36
PX23
High Density XBT Lines:
< PX4 > PX5 PX12
< PX6/9 > PX14
< PX10 > PX29
< PX12A > PX36
< PX31 >
< PX34 >
< PX37 >
< PX38 >
< PX44 >
Main Satellite Sensors for WOCE
Anticipated Lifetimes Shown by Arrows
1990 l 1991 I 1992 ] 1993 l 1994 I 1995 ] 1996 I 1997 I 1998 l 1999
ERS-1 o ERS-2 ENVISAT-1
ALTIMETERS TOPEX/POSEIDON o
{Sea Level, Waves, Sea ice >
extent) Geosat Foflow On-1 o Geosat Fotlow On-2
ERS-1 . ERS-2 >
SCATTEROMETERS " NSCATonADEGS
(Wind stress)
ADEOS >
ERS-1(ATSR) ERS-2 (ATSR) ENVISAT-1
VIS/IR > > i
{SST. Radiation, EOS-AM
Precipitation, Sea ice extent) —_—
Operational met. (NOAA,GOES. Meteosat,GMS) >
MOS-1b
PASSIVE —_— NOAA (AMSU) >
MICROWAVE

ENVISAT-1
DMSP

——
———— BADARSAY

OCEAN COLOUR (chlorophyfl)

SYNTHETIC APERTURE RADAR JERSL
(Seakedrin) ERS-1 . ERS-2 —» envisata |
ENVISAT-1

SeaStar (SeaWiFS) >

Fig. 1. Continued.
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Core Project 1
Working Group

Core Project 2
Working Group

Core Project 3
Working Group

L. 4

Numerical Experimentation
Group

Scientific Panel

Surface Layer
Scientific Panel

Geochemical Tracers
Scientific Panel

Eddy Statistics
Scientific Panel

Operational Planning

Hydrographic Programme
Planning Committee

WOCE/TOGA Surface Velocity
Programme Planning Committee

Float Programme
Planning Committee

TOGA/WOCE XBT/XCTD
Programme Planning Committee

Moored Array Programme
Planning Committee

Data Management
Committee

Related Groups

JSC Working Group on
Air/Sea Fluxes

JSC Ocean Observing
Systems Development Panel

Fig. 2. WOCE scientific and operational structure (after WOCE International

Project Office, 1993b).
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o SR F3E HY Jjedd g 2o

X 1: 7|39 F A5 88 2 /U5 22 JFH 5 A= A8 3
ER lde AAAGUNCE, @ 71t ddyddd a8 93 22 3
7HA &4 B3] AT
() 43 249 d#2 F2, G443} FY29 dus € Fdd5,
(2) AAHFAcE] qUH Y FAEFY20] g i,
(3) #AYAAN 4, 1000 kmol A AFHE, o 2 F29 HFAFA,
(4 10-1008 AIt 29 71 FA 4L v Y ¥4, FF
(ventillation), &=%.
B3 2: PP F7] 4EL AW 55 WOCE Auo ¥y AAF I
defe] F7NsS 448 5 gle MY d4
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(1) 54 WOCE #A=9 dE4 #A,
(2) 10d A% 72 7| FZA AAE A4 A7) 93 +FHA AFAF,
AAL, A g9 e,
Q) APFA 71FEST HE3 o] 8¥ F A& FAHA 71E9 A




Al4F EFF EEIY S W&

7} ¥2F X209 R

F FFL 2o /MY MEL F&0] o} EFNUAS A F}
ZE 3oz qr1Ad & /¥ ddY 48L VA 9N FFF Z2
a9e 2 BFo] AFHIU AF T2 FLEEE AR AFded A

F4ol AL YYolA FFHFE AFAS 2L ez =AU E oY
£l AR HFY FLEIEE ALY AHME ¥ G YT Gjato] 289
gy AP JtPe: {9 Aeg I BEIXE ZAsE Yoz
Lagrangian ¥3Q] EFF-0l& T3t Folo AXAstE ATANLE F43)
£ Aotk & AFNAY FA¥-o| (satellite tracked drifter)] X & FAEE A
e A2 FAANLRLE (pear-real time) BUE P 3td H{Fo] FHEES
AlzHagtE At H{E AEHE Aod.

1992d 119 WOCE/SSGAlM 4 AT EFHF Z2IYY & 4&3#
2t} (WOCE International Project Office, 1992).

1L AT F2 M2¢ Ad E3F E38 348 4 & (500 km x 500 km

EH%5)e TEFAMY 28,
2. eddy statistics®} YAH4L,
3. SSTs} #HAYIHE A8 A% AT,

4. AATH 71F2d FFARY AT,

5. A3 FEY FAH4FS I 989 7ie,

6. 2 HF Uy 3P #S.

— 54—
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WOCE E2% Zzadel 745 2@#e 19 3% 9. 3829e w3
Scripps 3 FA T4 91X ¥ Global Data Center (GDC)7F B33t RaAg, B
A, 3¢ % ¥¥E 0= Miamiol 3= Atlantic Oceanographic and
Meteorological Laboratory (AOML)$] Drifter Data Acquisition Center (DAC)$}
7h3t} Ottawao] Q1= Marine Environmental Data Service (MEDS)7 ©3 ¥t}
3 ABTFAL 3 TFA Service ArgosAte} 18] WMO$S IOC7 A 913tx
21+ Drifting Buoy Cooperation Panel (DBCP)# 12 % #A& X3 Ut

1. GDCE Z=9 AF YA Data Acquisition Center®] 47 & 937, =4
e g ¥ F2 Fol9 &9, leA, an I AFPYA, o 4
ol7} AMAHNEFRA 7N L& @}

2. DAC9l F24¥L 779 AFAYAEY F#otdl GTS (Global Tele-
communication system)& 3] Argos ¥-old|A £} A% £2& vz ¥
ANGe 2 ABE FASL A8 A& FA%Y ABE ETIPT. A8E
WOCE$} TOGA®] SVP 4T ¥YAzRe AFLL of 6719 =ik 53 AL
A8g§ MEDSo| $%%c}.

3. MEDS+= 1986Wde]d I0C} WMOS| 1453 o] A aAE 48 &
33 itk MEDSE 48 AR 13 vA4d ¥ 4 @42 AUdd B35
S} FLEESE A3 vE G

4 DBCPE WMOS} I0C7 3522 A4%x A FA7PE e84 o
&g ¥ & 73RS} HFRA Alolo] FFEUHL FEHIL Fo] ArE
GTSZ2 B3} E AU



WOCE
International
Partners

Tech., | X-fer

GDC

Global Drifter Center
San Diego

Oversee:
Procurement,
Deployments, &
Technology Transfer

Develop Pressure Port

Calibrate SST

Recover at sea for QC

Raw

Real-time Data

Raw Data
Data
MEDS
Marine Environ. Data Serv.
Canada

A

Processed i Data

AOML

Atlantic Ocean. & Met.
Lab., Miami

Act as Liason with:
ARGOS,
NOAA, &
GTS
Deploy NOAA Drifters
QC & Process Data

Fig. 3. Organization chart for the Surface Velocity Programme (after WOCE

International Project Office, 1991).
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1993d 19 WOCE International Project Officec]A] ¢ #Hga, =713
SVP Z2ade WYt AYL E 25} B BE F7hs} HPr| ol 199647}
AR +Y%T AE2E UP I} QNN SVP BFo] ¢ Fua
. AYES] Y B dolE 199697 HoE 17730} ol 4e) HAYRol7} B
#9 dAolth 19 45 AT $9Y, T £9Y AYRolY 48 Yyt
W 2 47 id §28 F7heo] 199495 wid 3000 ol4e) ozt Rt
d4olth. A 7Gx (29 58 B vlZo] AN AYe 60 %E sldstn
Atk BT FGEE 16 %2 YEoy TULBATLY AY S422 sdx
£ wobd Aolth $el9 BN HHFNYNA 1924E FEUY (2
6 HYFY Fo AATEo| YRE FASFT gon 53] NG F2A)
2o Fol7t AF Fei¥n Y& F Uiz Uk

A5AE dIAYATALY FoEF

1. 1989 649 59U-9¢Y d& ZEWZA AHE Al 33 7.4 WOCE #5323
glo] Observer AH2ez & AFHAYAY oJFAHE A FFHEFATA
WA HAL AEdTa Hfegde A F ngy, FALAYRa AT
Ay mg 4910 3L ’

2. WOCE ¥°F 2233 3o 4RE ZEY A3 WOCEJA 273 #3
718 8, a7t =€, ddEE AEstY BZoz 4B Eojdu A
e Aol B3siny e, 89 d799E dFo s Ssa A #3/&
€ =8% 5 JE BEFF Z2aY (Surface Velocity Program, SVP)o] 3o &
3.



Table 2. Commitment of deployment of surface drifters (WOCE International

Project Office, 1993a).

14/1/93
Al drifters funded except those marked'P* (Proposed) or *I* (Interest expressed)
Numbers marked with an asterisk (*) are drifters funded for that year but not yet deployed

Legend

A Atlantic Climate Change Program S SUBDUCTION

(o} California Current Project T TOGA Programme
TIWE Tropical instability- Wave Experiment K Kuroshio
J Japanese Pacific Climate Study USCG US Coast Guard

M Asian Monsoon Mechanisms Study w WOCE

MO Meteorological Office WP WestPac

pPC Pacific Circulation Study (PCS)

Country Array Area 1990 1991 1992 1993 1994 1995 1996 Total # Buoys

reported to
AOML DAC
ATLANTIC OCEAN
Brazil (W) 20N - 60N *17 19 15P 11P 62
France (MO)  North Atl 3 3 3
Germany (W) 35 30 55 30 30P 30P 210
(German drifters drogued at 100m outside tropics)

NATO (W) North Atl 33 47  20P 100

NL (W) North Atl 3 4 5 5 4P 21

Nordic Gp (W) 201 20! 201 60
Portugal (W) AR1{ *30 30 30 90
UK (W) North Atl *5 38l 38l 391 120

USA (A) North Atl 120 60 60 240 68

(S) AR11 29 40 52P 30P 30P 30P 211

(UCSG) 15 15

Cls W) 20P 20P 20P  20P 80
Totals a8 96 357 294 247 150 30 1212 71

INDIAN OCEAN
Australia (W) 10 10 20
Japan (M) 10 6 8 10 10 10 54
USA 90P  60P 150
Totals 10 6 8 20 110 70 224
PACIFIC OCEAN
Australia (T) 15N - 40N 3 3 3 9
w) South West 10 13 10 10 43
Canada (W)  North of 20N 17 33 23 30-40P 30-40P 30-40P 178 12
France (T) 20N - 20S 16 23 24 8P 71 33
Japan (K) 5 5 5 5 5 5 30 )
wp) 3 3 3 3 3 3 18 )_10
&)} 19 18 18 55
(PC) 8 10P 1OP 10P  10P 8 )
Korea (W) North of 20N 3 5 26P 26P 60 3
ROC/USA (W) North of 20N 36 36 36 ) 144 30
USA (W) Mid Latitudes 56 93 115 86 86 436 )
m Equatorial 138 125 115 115 493 ) _510
(C) CA Current 54 32 86 )
(TIWE) Equatorial 23 22 45 )
CIS/USA (W)  North West 6 17 17 17 17 57
Totals 145 412 397 408 358 53 1773 488



No of Drifters
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Fig. 4. - Development of the Surface Velocity Programme (after WOCE
International Project Office, 1993a).
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dic Group (1.6%
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Fig. 5. Relative contribution of participant countries to the Surface Velocity
Programme (after WOCE International Project Office, 1993a).



Fig. 6. Drifter deployment in the Pacific Ocean of the Surface Velocity

Programme for 1992 (after U.S. WOCE Office, 1992).
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Report No. 656/91 (WOCE International Project Office, 1991)o] 425 %<

5. ¥ A7 qYAE Al 33 SVP 3¢ FFZHoNA duldFizt YHHE o
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Table 3. Receipt status of WOCE/TOGA SVP data generated by principal
investigators from January 1, 1988 to Janauary 31, 1993 (WOCE
International Project Office, 1993c).

Pre-WOCE drifter data (TOGA Pan-Pacific: 1/1/88-6/30/91)

PI

Niiler (US)
Hansen (US)
Ishii (J)
Reverdin (F)
Richardson (US)
Collins (US)
Cresswell (Aust)
Total

Troplcal Pacific Reglon (20°N-20°S)

P1

Niiler (US)
Hansen (US)
Reverdin/du Penhoat (F)
Nakamoto (J)
Hu (ROC)
Ishii (J)
Total

North Pacific Region (>20°N)

Pl

Niiler (US)
Hu (ROC)
Thomson (Can)
Lie (S Kor)
Total

South Paclfic Reglon (<20°S)

P1

Niiler (US)
Cresswell (Aust)
Total

North Atlantic Reglon

Pl

Niiler (US)
Derek (UK)
Blouch/Rolland (F)
Total

Total WOCE Period

No. Buoys Reported

252
164
52
39
32
6

5
550

WOCE Data Perlod (7/1/91-1/31/93)

No. Buoys Reported

No. Buoys Reported

101
44
12

7

164

No. Buoys Reported

64
13
77

No. Buoys Reported

100
4
3
107

71

No. Records

236988
190064
45480
33860
36092
1492
600
544576

No. Records

247720
105200
29100
5388
872
272
388552

No. Records

100540
23036
8280
1472
133328

No. Records

96672
9080
105752

No. Records

83532
112
1852
85496

713128
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By o] 43 dEEE Kurosiost AP E #AHo) glon 5739
YL F-¥ AS7HA ] B AFAEC] HEY 3 FL F WA &
FHAANT F-E] AF7 duisigolA ENSO A3 E F4317] 8 4939
A8E FANAUE € BMYEG AAAM 79 A, F9dF 479 AN
U 2FE AZUA AIFHA A A £ WF] BW¥E G e
F714 AEE 93 7 JAG AA HEY £33 22 FAAA =2 EFol
2F3 374 e FL FAWL FAA SHHE G AAE ez & o
F&9 AL oE F8H 2EE /HA7 olH @ F/HA AEE A 4
HHE g FoA BT 3L ARE FAIAA &L + Ut

HEAT L2 F24F £39 FAAFo] dYxst #AE Bol dTHA
4] Weare et al. (1976), Davis (1976), White et al. (1985a, b), Hanawa et al
(1983)e] & AT AA AFAAE WA FAF ALF st AU HSB
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Fig. 7. Distribution map of bathythermograph observations in the western

North Pacific during 1964-1983 after the first quality—control.
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Fig. 12. Amplitude and phase of the seasonal cycle of variation of the
thermocline depth in a two-layer wind-driven model (after
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Aol AFE 4 Wl AN S ATFFE XY FHAMY vk Fo A
TFAT @3 AdgolA EAEAHY A-FL X, FH¢ ALAA, AFE F
B A £AG FAGFTY &3, AEHY T4 drbdis B8
BEZ AYAHY 439 AF AFAoY 1980dd FURE Fao] i 3L
FEA, AFE FEANYY =4, FHI59] @3, FAIRY A2 G@ R



A F2o] ARt FFFH Aol AP AATE JAE T NAg. o
o ¥ 2249 FARY AF7 @88 olFo] A} dupdie /U AR,
BAGFY A2, FAF HAFe &4, 204 AFePRY, 33Y 2AS5ARY
AT ZE FFFH AA HYA2E} Y AT E 198040 FNRE Fa
FA2 A7 @Yo Rolxa g}

5 @do] Y HUEAYT EX) P AFE 4 A¥nd JHBS A
BE& o839 d3 +39 AR (Kang, 1974), 33l AgYe) EAde 4
A9 ABEXE (Gong, 1978} FA E42AS} 4J 3R £ 9% 4.
984 (Lee et al, 1984)9] Ry 4 o] JANUT. AFES THE d) A
A CTDZ =AY Au& ¥43d F39 A5 ARETI AN"HQx
(KORDI, 1984-1900), A& -A|F ¢ FFXAL A22RE A AFE T3
A 43t BEEAo] BAED (Kim et al, 199]), FaFis) A=E 2o
9o A EASAHARE A FAIFFY BHAYSF EAF} 354
W A (Park, 1986)7F ANt vl 7Y AFE FRHFANN H2 Qg
8 dwidH4 #% (Rho and Hirano, 1983)3%} $+Z#|¢dF2¢) CTD A2 i
B 718 AFE $3olA drbdfise AZe2 84 (Byun and Chang, 1983)
ol ¥uHUh $FFH AAYN ¥F-UF-3F FIZAE 53 ¥S @
1986 x 195 89 CTD AEE °l48 #-FF I3 FAd U8 £F Kim,
Kim et al, 191)s} 19779 AR 4 AR ZAsY 314 BA=4 8%
(Park, 1985)7t 71Ut 84 AFE Aol $AHoz FAY 59 &
(Kim and Lee, 1982), @& A¢4+23 g9 AALEA (Kim, 1982), A3}
gt Ato] EF4&9) W3} (Rho and Kim, 1983), 3ol A9) 4294 (Kim
and Yug, 1983), NOAA FHAW GRAao] A% P Ad4e 4$28¥ (3,
1989)e] W& AF7F 8.

A6 4% AAAS FAF uiRA B H5R5) BHNE P}
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2388 YANYes $49¢ £A2d AF (Choi, 1980, 1984)7} AT A
o NFAYo2 G457 FFYNN 24} ZF (9 &, 1979), AFE FE
oA M2 £29] HlP o] Y A4 A7 (Kang, 1843} Ra ¥ ¢
M2 £29) AZ3} 94 ¥4 (Kim and Lee, 1986), 452 S84 (Lee and
Kim, 1988)°] 3= A Ao oJ@ AxF AF (Park and Kim, 19879)E A%
o ¥ BFHAo] ¢ HUW3} (Hwang, 19717 4% AFHAG.

HEEBE HFBE0 G A7UTE F2 499 REEYH $A2d
g8 AFHUL AR ¢ AFolE FRALE FE undFe ¥4
R o9 $4F] ¥ A(FH %, 1992; Seung and Nam, 1992)0] 1o, 5
ERQd AT H4EY AFE B ALY H5H59 AvE =4 (Lim,
1976), B3 $% Qg o2 P IF BAHd Y ¥4 (Lie, 1985 1987), 3
MAY49) ¢at (Park, 1986), 9&2 FHIFS) AFHYo2 93] (Kim, Rho et
al, 1917} BEJc $FFH IYEE e AFHY A$F 33
(Chang, 1970), $57 79N stA49 &4 (3, 197), L EE2HE 33
¥ 3E (% 5, 198D B¢ AFE AN H4EYARE B guldF
9 71ge] U =9 (Lim, 197D $FI AN deldF 7193 32 79¢
A 19919 A} 19929 A A3 HF o) Y3} CTD B2 I 573
1277 & w dubdie) 343 TRAW AAYFos JAsE 248009
EA (o], 1991, 1992)& ¥A3UH.

A 24 FFI3NY ST AZLATF

7 AuH R B4
FFFAA F8 HFe FRALE Y} 83T YA v} (Yonakunijima)id
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Atole] B2E FHA ol dFAIES gt AV F2ALY fFE 54
1000 m& ¥+ 2748} Z (Okinawa Trough)®] T4 $Adtx o ¥F
Ze 9 20 Aotk FAP FRAL dREL FF BFY ENHAUE ¥
3 HEYeE, dRE FMAFoR U3 dEAUF FHFo2 FHIT o
shdHE 305° N, 129° E B34 F2Ae2RE #7138 R 2oy (Nitani,
1972) 3@ A 714, P4 Fol AL ot A LAAA &4

53309 HFEPd P& FE FR QAEL AY, v, FAAF &
o, LAY & B3 fdste FFIHY A5, 4FF= To) Atk 54 AARF
o] A% AgAlE: Ut FFo2NEY F2AL #ile] ZuH duHYP2
ZRHY ¢339 AFFle G3Hn F2A FIYFHLE WA &F
2t ¥8 9F AR T A¢ dFole M@ de] Yedo

F8 F#A2 3A FAAZ g FAds (North Tropical Water)st 53
%}%2%4 (North Pacific Intermediate Water)7} 1t}. EeHlH I A+ &AW
F (% 349 %)& vetle A=, TH° % 200 m 4o AAs}A F2AL
o AFF-8& FARL Yo AdFE dSAE 4714 EX3 Q. ReRFFF
FE GEHEF(B425 - 3440 %)& JEH F2A L9 I}FFEE TR
At 219 FFoE 340 % o3t Al AG47E A9 (Nitani, 1972).

L, & AMSAHAH] AF

FEFHAA FRAL #HYL 125° E FFH202 A3 FRALE FAo=
100 m 4014 9] #Pe] 531 AFS AREE AU (29 16-19). A=
A& 7133 YA A E7)Z 248 2AMA Chofu Marud] 93 Add=
43 (1-2 9,459, 78 ¥4,9-10 ¢) #34d Aol

ALTE HAYE 1Y, FEAL §59 ARZ AHEHE 200 m F404 16-17
T $249 X2 Ho} FEALE FF FA4FA 31 'Ng 4t B3¢ ¥

or
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A gt Zutz EstEYgoz WA Ut Aes 325 Ed, 100 m 4
9 F2E& 14-22 T ¥E2 HuFLo] J§F} 710 &) 1-2 T AE @R
T OA2 dF & W3Vl QY. 98 345-347 % o)A T2AQ A 1Y
47t AN MY WA X Aok EE thermosteric anomaly& A}
£33, 200-370 clt Aol EX & Uebdth §E42E 41-57 miNg ¥4
8 21 AFE EZ YN JOge Boled AL AF Y =& Folg
(29 16).

EAde F2AL7 ALE 2o d WA e & FE= 248 31°
NE ¥ ¥ oA 2eiste Eslaigoz 8 2oz vig. AFE G2
QoM E 14 T o3}, 342 % ol3te] A2-AYGs7t Yehted, o] #i4E 50
miA o] 39 1 8EILE ZETh 45 miA o)) ALEANLT ZANY 9 FA
M EFo= @x gt (29 17).

AFAole FHo v 229 A5 6 FAAAG. 23y 200 m 29
16-17 T T24d9 X2 Ho} F2A0& A3 A9 n£dA 31° Ng 93¢
ge Fo] gl F3t3tdTh 30° - 33° N Alo] AZ#H A 14 T )3}, 335 %
o3}, 5.0 miA o] A -AYE- - EEN29 H¢rt WA dehdn. g gL
8 52 FAHE o] AFE 2 WA/ FFe= 9 127° E7X &3 o8
ozt Yeptt (29 18).

71 A e gl FAAN BEEZo2 474 ¥ 40 mU o3t HEE
ALF7E AFHGY FFHES AAHL Yo GES 343-347 %, LEE
13-20 Tl #3 Y. thermosteric anomaly2) £ X2 o} AFFo] T2 A QA 9
7t 32° N& 9o AFES} AMAlelg AY7A Lxtd Rez 238 (2
¥ 19). ot go= ALY o8 o FAY Ao} ¥ Ao AGEH.
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Fig. 16. Horizontal distributions at 100 m in winter (Jan. - Feb. 1986) in
the East China Sea.. (a) temperature, (b) salinity, (c) thermosteric
anomaly, and (d) dissolved oxygen.
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Michida § (1987)& GEK A2 & ol 43te] $3T89 BZfse Ads
At 1954-1086W0] A =AY ¢ 14000 719} GEK A2 & olgsged %
FIo1A GLE TEAER AARY) A% $ARY2 999 Fas A%
AN ZHE FAT F ZRAEE AT 2F 12 « 1279 FAF, 29
T 442 WEAYS YEAFLY X (W 2008 1Y FEALE Yu ¥
FEOZRE $3T2 Eoi9} thSAR (500-1000 m SHN)E et BErist
1000 m $4A9 BTG ANNN $Zo2 PP W EsldAUE TN
HHFo S WA UL WEe] T2AQ BFEY USRAE F2Aes) W
Yge) 2B ¥ & Utk FF ALE @ FaAAE A% 2 i A
dehdfe) EAZt FF AE) BRI ol¥olNE §F Ex 2FFY Lo
2 Yehh} BRFIRS F2Ae Alolg Aedas Euax ¥

. FARN A% UriaFe 74

dutdie] 719& A 93 1986 AP 53 A =AM F
HFAAR A L7133 A5E THA FALHE A BF710L 29
Age 19 249 - 29 244, Bo& 4¥€ 13¥ - 59 16Y, 4= 79 8Y -
8Y 159, 7H&ol= 99 269 - 109 1592 Z AAdE2 o 1Y EX =AMH
AT 1980d ol ¥ VA7A dE7|3He] FFIHAA 4 Add] 2P dF L A
Al AL 198533 1986 $o2 ol ARE B ARRFE A7died A
olA wj¢ AFTE Awolrt (A F, 19N).

dArbdie 7198 U7 f3 o 290 A FRALFAY JAeAE &
¥ dart Joen EY AdF5Y %S AotrI] fdd AGEeAd dgFy
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EFHYE ABE AR Y83 ol§ A FEA9 FRFAA 19734
7hgel dE71dF el FARSZE 33 (13 109 229 -269, 23]+ 109 299 -
11¥ 1¢, 33+ 11¥ 59 - 89) wWr&E3o AASAYG (29 21). Sawaras}
Hanzawa (1979)%= o|A8& 2oz e +A8& ER3AA (29 22). Sawara
and Hanzawa ] $AEF o]l dntsfel 71¥9& 2ARE € 479 3
5 A waso e PP £AE EFHAY. T-S diagram 3ol A
A F2AL £4 (KF 33N, EFT-E F2A29 dAdse] =

[\
mﬁ
\\} 2 “u W. \//V
A\‘.
»
-9
—
af ) rd
57
© ¢
Q

Stafion location chart
Fig. 21. Hydrographic stations in the southwestern East China Sea,
conducted 1973 by the Japan Meteorological Agency (after
Sawara and Hanzawa, 1979).
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Fig. 22. Classification of water types in the East China Sea (after Sawara
and Hanzawa, 1979).

we} 2t “17e|A V7R TR A SeAZ ERAATG. EQ 4. 9 §
A A 93 450 cli o3& “1", 450~350 clt & “2", 350~250 clk & “3", 250
clA o8& “4'2 AEHA.

Agd (120 F2ALY 47 K7 2AGY ANG)N EFRE
200 m 471X WA RESHT A (29 B). 53 deNYe EFEE HA%
A 4AY F2AL $AZ F4Ho) ATk AYSFE ZAG NBo] REsw
Nem 128 E $37x ERH(I~V)7F deht dbse] 9898 ned7a
1},

BA @~5®)l: A%F 9o £FFY ET2¥EH Uyehts] Ay
(29 20). JEAYAAE &2 HLEIAD Ad5e] Fgo] ozt et BF
‘N 37k EAY 2 g diEol F2AL $AKE 4= AL
& Aole RAY. 75 ABHIMNE EF%H 50 m 29 BT ALH @ &
F4A BF 179 $A7 WA EA%T AQT 10 m R 200 m AHNE AL
3 A9 H&#A F2AL A7 WA EEST AN
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98 (7T~8¥)de HRol A WYY (2 25). F2XE 50 m 27}%)
FRALFAZ dehde 9 27us) BARY AXYY Fega Ay ¥
€ H9A ERF(I~N)7t EZAY. B3 EF V7 o)e WA EA5 ]
ALF9 F4& AT AU 100 m $ANME 7ve} BARe) wmA
He Aol F2Xe $A7 EA4Ro, FF ABIAE 22 44 “1” o
BHYAE 1"~V ER4IF R AU 200 m DM E uy =
2A2 #AKZF FHI Qo) AL ge Pl

7HEE G-109)9) HFe =08 P4 (2Y 2608 ol UPoH, RIEY
100 m 744 g} F27 A9 Ak F2A e $AE 30° N ojge) e7ue
AR @Agsle] XA AN, FF AZHANAE 22X $A9 o
Fol F EF 179 R4V WA ESART YT olFTe “179 ERS}
WA B¥3}= ¥4 Sawara and Hanzawa (1979)¢] Zols Axat= RNoz
7HE&A HR) QBRI B £ Yok AEHPAHE BF U ~"N"9 E£F4
7b dEhhd, O FOAE £F V'Y ER4UE YA 2XEn AQL. 44
200 m & 4A3 F2AL9Y A2 ¥HFo] YoiN AN ALe e
I it}

100 m 39 AAYE $ARLEI2RE YuldFiSrt AT Boj: 22 &
A KAA, 4F3 7Hgols F2AL A A7te e E¥4 (1)elA 2
714¢ FL + AL Aoz AFwY.

A3A Fe9 AREEH TR

BT (bathythermograph, $4/42) Aa2E AFF2oA 429 £xy7zs}
A-FL AFE AFHEY F YA o849 NS AR FUES) AL
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4 CTD 2t ok WolxE @Hol AR X YT Huko] FUSHA
1T &4 BT 248 4498 4 7] d2o] B +2428 28 4
AE FAo) Yok §23FMNA A BT A2E 14 25 a5 d4ng @
& AR5/ FHAUL FFFH FHNY% Kuroshio Y4 2o W47}
¥} Kuroshio R thobdfol tig 728 JuE Y58 4 38 Aoz 4y
% ¥3FolE basin-scaled] H4EBe BE A-FP FEA FE WHEo)
TEHD o] AF g APl AR SWW A=A s =90 27y
. & AFME $29 AAUNS FAELo] 2L R3] BT ARE ¥4
seirh

7k BT (FA/42) A2F33 A3

Ae5AR A A FAFHA PPL £ ATHAAY 1, 230G E BN
(1991, 1992) A3) 71&3gct A7) o] 48 Azt LHFARAE (JODC)
7} 1960G 75 198947HA] 30 @3 € A2E £7 A Rolg. A7HAQ
20°-35"N, 120°-132"E oA =Alg AASFE ¢ 7290 Qoo FE
7188 ASE AA3A AZE 69572 oz FojEY. ¥, B2 Y7}
AR 7154 A8 AU FAE 339 AzE 42 Q. dxy
B85 A& 29 19759 oA #F AAS7H 1000 F =S W3 19759 o]
Fole 2k 3000 F 2 o]Bo2 & B2 NESFE HAT IY 27¢ B4
o]4d BT #33d<& vehdn.

gtz e 2 BT ARE A-FUH 22 BFY3A @290 o8 ARE o
437 M FARYE 9A A-FgHoz 9AH Pz AT A4
4 ARZH}E Aol Yasdtth A-IFL BHE ALEA Ure R0 Fou 2w
S F3 AT U W2 A3 TR g A Fojof ¥} Liest Endoh
(19D EAgF I G359 WELE BN 93 A2 334 274,
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FRFHe2E 27 x 2° JANFE 3. £ A7 AAGY FFI71
e o]l du|EH FdoAA ANRFL )Y, FAAFL H-3E 30 &
2 A€ 3.

A9 A& w37 A 4 FAAANA ¥ FL9 BT FEUAE AN
FAct. BFA7 gEAA vl EFEUA HAE Wolue Z5E AAH}Y
A3 3-SD (standard deviation) HAE& 23] WEY ¥ Z AZHA 44 3
TAE ARHAUT. dF AAFAME @587 Qo] FEFLS, RTUAY &
X Z/dA] Laplace $ Spline B.3PE& AHE3AT (1, 2AdE BIA IF=x).

U 37 BEse BX

AUE 4FE TSI Y& AFFS L dVlsh 234 dx2@e ¥ A
ol XHE FFIHNA 429 AANH FEYHE Loty 43 Z A=A
o4 2% 100 m e £APE F2& AAAUY. o] | F4E= HAE ¥4
A8F #5571 31 vvd FAHEFH} $£40] 30 m o}3] FAAHLE AU
100 m ©}3Q) AP E Z ARAAANMY Hd F47A FAPE FA.

a9 8 3713 3049F 94 HFAI} 117] 013 AAAHNE nd F
A% A7) #A¥T +L3 BEUAY. B AT L& 274 &
et E5Z%o2 AYPsE FRAL FHAHHAA vi¢ 3 7F AEE £4
o] A& & we YVt HFo2 #PYUT. 53 FFFH 9 dSAEASK E
et s A 129 F&4o YA =l Kuroshiod] B#7
2E F vz Qe B, AFE ARHY HEges @ AL F24
o] ¥EF o2 &3 vt & Kuroshio YOZ2HE B dFo] 5F33 &
FHgeoz fddE ¥ AFEAYAAE %) &48 A<¢+7 Kuroshio
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Fig. 29. Vertically averaged long-term monthly mean temperature in the upper
100 m layer with annual mean removed.. (a) February, (b) May,
(c) August, and (d) November. The positive (negative) sign means the
monthly mean temperature higher (lower) than the long-term mean.
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127° E section in spring 1992.
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A5 % deldd A9t 95e 9%

AFAYEH R0 47

A1A dvldF 719 8 AFFY

Kuroshio= HH¥ Y oldt3 g9 MAAFARE dit EF YA S 2
olgd ¥ FFFH dSARE " FHI . Kuroshios 2 ¢33 uis}
Zo] FFIH dFEYe2 Ajdse F 7HAY L #HFe 7ol €% &, F
T35 EAHGAMY dPEF FFHGAM Y dridFolnt. o] F AFE
TETIHE otuFH A FH A HYcP € %L 7134 &, o
vhdRE S0l €3 ¥4& FHIE FIY HFE 853 FALH Y Y3
3 g ESAHE AU 4N dvpdFe dRAA=, sFFY AR
T i FA AT AAAH] €L ¥o. o] FaAHNxE BFa
debd#e 7193 3=, adn ARAgE ol Y3 LA AA &3, A
AR ZAIRFTE v vin) @ AAoH.

debd e 714 @A AAE de A FHA2 E7ET (39 58).
23 GEBF 2ASY dupdFrt FFEAY $40] AL 2 AF dFAE
F2olA Kuroshio2¥¥ ¥dot A7 1980dd i duiy e FH43e
Wd§izl FFIHY U588 =Y 553 ¥ue A2E dolth 974
€ go 2 dvpdie A} A7 HE¥E AR oYy Fo =79 ¥4
W8< 33U

- Nitani (1972): diebdizl 75 dAfG] 9K 540 2e 29 9% UF
Abde) 30° 30° N, 120° E #2014 KuroshioZ ¥¥ ¥¥5o] iEARE wheh
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dIHPF o2 ozt 4& AAl

- Sawara and Hanzawa (1979): tivbd#+ Kuroshio2¥-¥ A3 &€ #F
7189+ #3 Kuroshio 348 ddse st F%.

- Toba et al. (1982): tivhd#<l #H ¢4 Fo] 2 + 08 Svolx 2-39] A=,
8-990] Hdjolx dhuhdHst FAYHS} FHY E7U Tsugaru Y 53
3o #AX} o3 HPBH AAL

- Minato and Kimura (1980): 84 1%1& Toba et al. (1982)$} &1 F4F°] &€
21, 71497 34, A Tsugarud Y ¥29 A<y, FHEG of
ducE AT o ZAYL FF

- Guan and Mao (1982): tivbd 5] ME3} H2& ofAlol & A% vidd
3 AP A AAL

~ Huh (1982): NOAA H9A 94 Ame] 2A3Y dF57F Kuroshio2 5§ ¥
ggg B

- Muneyama et al. (1984): 5 AP A LFo] HX ¥ &F 71 Kuroshio 3}
F& WEHfiFez 1YL B

- Beardsley et al. (1985), Guan (1991): ivhdH& FF T3] FFH oA 714
i tRtdFrt $FFH dSE9E S diHYez R¥A¥gn F3.
- Ichiye (1984): divtdfit 4% #HolEz 2EH24 HAAFA 7|dd
Kuroshio®] &% (lateral flow)& %3 34 dde AL

- Qiu and Imasato (1990): 7]& GEK A=& MU AL JolA AALR
&) 4FAY 28809 EAE Bauda dupdFol At EFF7T UE
A &5E& A3,

- Fang et al. (1991): 339 WFFANAH 2413 AFASARE £439
debd {7t dehd#9 d3ogta 3.

- Seung and Nam (1993): €¢FAEZdE o] &3ty ddF7t FFF3Y UF
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¥ H9e B3 dEsHies AJ¥qa Y.

- Yanagi and Takahashi (1993): €N 2d255 divldF7t dizhdie) 4
Bolgte A AAL

- Lie and Cho (1993): ¥ Q7 & %3 ¥& CTDs} A3 HYFHF ] 49 A8
& EA39 Nitani9) ML dedFe Agdel AA @33 Ao/t A& B
. dSEAol 9A% Kuroshios] 7pgae] ¥-Eo] +4 80-150 m S+4d4E
uE HA4de dEdioz v A= At

A 23 JFTAAN FHFol 489 s

7. BolA%

AFNAY FARE AT EFFES §F drogue F FELE FAHEH.
EFRBEE AA, $47], ¢HY, 2Y & W3R 5L vt 9% 7be
¥ AA B 8 TF) GHFAT o|FHES drag7t 2EF AFE Al 1A
TolE= WOCE/TOGA SVPe EEAAEDR (F 4 F=x)d u 5t9) A3FH R
olg I AAHAx, 2 Ad=Es 3AdxdE  vF  Clearwater
Instrumentation, Inc. 7} A2# F-olg =AUt 4714 WOCE/TOGA
SVP AAMGA 2F3E 7|BAIGTHE 7)€ I AR G W
£ 1AGE BuMd £F33 dAEHEL WOCE R34 No. 63 (Sybrandy
and Niiler, 199D)¢] 43 7]&=AH.

Drogued] ¥ol& 6-7 m2 &% F4o] #AA 15 m ot} 4 A @&
t}. droguest ¥ B & WA= Eel2 ¥ Tether wire ¥-o|7} B7]2 virto] A
o] F3t7] o] QARFo] AAFAAME FaAol B thaFe] Fo] WYL 9
HHe AFRD7t7 Aokt 44 FIA¥ 4 AoloF ¥o. WOCE/TOGA
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Table 4. Basic specification of Hoely sock satellite tracking drifter by
WOCE/TOGA (Sybrandy and Niiler, 1991).

Component

Description

Surface Float

Tether

Drogue

Transmitter
& Power

Antifouling

Sensors

Packaging

35 cm diameter, fiberglass surface float; Construction: 15 gm fiberglass mat,
0.6 - 0.8 cm thick at the base near the tether connection, 0.3 - 0.4 cm thick
elsewhere; outer gel coat applied to protect against UV sunlight and water
absorption.

(a) 0.56 cm O.D. polypropylene-impregnated wire rope tether to drogue.

(b) 20 cm O.D. subsurface float attached 275 cm below surface; wire from
surface to subsurface float inserted into 1/4" (0.64 cm) L.D. hydraulic hose.

(c) Tether attachment with 1/4" (0.64 cm) 316 SS, threaded rod at base of surface
float; marine epoxy filled cavity surrounding rod for restraint.

(d) 40 cm long polyurethane carrots affixed below surface float and below
subsurface float; 25 cm carrot above subsurface float.

(a) 92 cm diameter, 644 cm long holey sock of Cordura nylon material; drogue
center at 15 m depth; 46 cm diameter holes cut through Cordura orthogonally
placed on alternate 92 cm vertical segments (see Figure 1).

(b) 3.5kg (in water) lead weight sewn into base of sock inside a 1" (2.5 cm)
schedule 40 PVC ring partly filled with epoxy to prevent rattling of lead inside

pipe.

(©) 3/ " (2.0 cm) LD. with 0.07" (0.18 cm) wall polypropylene irrigation plpe
ring between each 92 cm segment for support (rings drilled for flooding).

(d) 1" (2.5 cm) closed cell polyurethane foam filled schedule-80, PVC ring for
uppermost tether attachment ring.

(e) Attachment bridle of 6 radial, 0.4 cm O.D. polypropylene impregnated wire
rope positively attached and epoxy-restrained to tether from surface float;
attachment to uppermost PVC ring over abrasion-resistant cushions fixed at
60° spacing; 10 cm-long rubber air hose carroting at all attachment points of
radial wire rope to the hub. Attachment point of tether to hub covered with 40
cm long polyurethane carrot.

(a) Telonics ST-5 transmitter (or Service ARGOS-approved equivalent)
(b) Antenna mounted inside surface float
(c) Duty Cycle: 1 day on and 2 days off
(d) Duration: 24 month projected operating life
(e) Power Supply: 4 ea. dioded alkaline battery packs;
Initial voltage of 10.5 Volts (or eq. for ARGOS eq.)

Cuprous oxide antifouling coating on subsurface float and bottom half of
surface float painted over fiberglass primer. Inflatable boat paint on hydraulic
hose and polyurethane carrots.

(a) Linearized thermistor sensor imbedded in a capped 316 SS Swagelok™
through-hull fitting or equivalent at base of surface float
(b) Surface float submergence sensor

Individually packaged for free-fall deployment from a moving cargo ship from
10m height above the ocean.
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SVP }-olg] FAREL o} 71A 71EE FFAMR ¥4

(1) EFFEE 339302 AYolojof FASI R Eo| F83te FHY°] A
7} 9t} &, 7Y R E7 v} FFRES £F Frle FEAA F
do| A7} Hojof Ny AFAE €Y F Ut

(2) 7Fe3 M% Y wire tether?] AL8-22 dragel o vInys} Y Fiid 9
# 13} HEYE YA oYt} tethers] QY FFF-EE dAF R vAE
3¢ 3404,

3) BF& FHHoz ANl AR vny WAE 93 drag AF7t FAok B
Holey sock ¥¢] B%o] o]d A& VEIFJAAE A3} $Go] HF o]
t}.

1919 13 oju]dgo] Al8d FHJ{ol& platform transmitter terminal
(PTDE Ay TFFES Folo EAME U AFVle FHE A3 9F
Scripps 3% QT4 Niller 259 ATFHOo2RE 74 Tol € AFHo
AP AFsAct (29 599 60). EFF-EE AR 5 cme 7= FRP 54 #4
FAZ AFHn WRrEe $A7, ¢dY, ALFE WA FTFEE A3
20 cm®] 79 Y2 AF3HUR, EAE Holey sock ¥ El9] drogueZ 54 A¥
H dez AR 2 cm, Hol 644 cme] W AFEFo R AR 94FY FR2
UE Ee2E w2 FAM7 4TS FANES IFAG. Fole HAEWY v
oy stx9 AFAA Y (slip& A3} 337 A3 FA L& drag7t HE
71e} R-¥of v o 40u] A2 FF3I A FJ) 2, 3Ad=AE 2FAF
o2 AFA7 EolA] WOCE EFEY¥ez ARY vwF Clearwater
Instrumentation, Inc. #¢] ¥]& =351

3. AE24A 2 A
HEH FE3 Fol9 olFAXNE EFFEU] WZE Argos PTTE ¥3j
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Surface Float 16.63 kg 14.43 kg Reserve Bouyancy

Tether 0.86 kg 220kg
Subsurface Float 3.91 kg

1.34
220 cm ke

Individual Bouyancies Bouyancy Summation

T

Tether 0.86 kg 525kg

Upper Ring 0.36 kg

i
Yo o] ]

b D
O O
L e D «

O Drogucl.2£ kg O 4.7£kg
D ( D

92 cm [ ‘ Botlom Ring 3.!0 kg 3:5?) kg

Drag Area Ratio = 41.3

Fig. 59. Dimesional Holey sock drifter schematic and equilibrium buoyancy
diagram with drag.
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Fig. 60. Photographs of Holey sock surface drifter made by KORDI
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NOAA 91402 MUA Zgas) vjZe] g AFTIN A& FAET 2
29 #43 Agd VY AFYEL 19008E  HIATE BN
BSPGO0099-300-1 “da# ol AFZUEHY A2d 47" 33 sle=de
o F8 Wee Be B

ARGOS A 2¥& o487 fAE A7/M2Ms AH4AHE ARGOS Al
£33t} ARGOSAH: AXNHA4E 4982 PTTY nHdss 979 & Rejg
%. o] ¥ PTT A&BAle] PIT ZHYS, 32740 28 B3 §8, 344
7 12 5 JEASE TEET B8, PTT AH$AIZe] B8 494 WMO, I0C,
ARGOS A}, =7bd A7AYAe s eolM @AsE Joint Tariff
Agreement (JTA)Y 71sha ¥Mlzd AP Aoz A29e #6T + A
JTA 712AIS 2 19939k 7|82 1 PTT-yeard 27,790 FF (¥3} ¢ 500 Lls
@)olth. 1 PTT-year? 1t8] PTTE 35o] 8413t && 32] 192 FFAA 1
gk ALg s A FWTh JTAC A8 F7b8 EHYA (Representative
of Country) 19¢ $AS™ HEAYAE ARGOS #d BE B3 AAYF&
0Y AW AAEE ASAYFE BuAT, AT A48T 0 %E AdFos
A gsforith IAYE AFAGANAE JTAA 7Hdatx Redort 2 3REE]
L 2 a7RAS TYSLUEL FAE Bl JTA AQdsdch. & A7
QYR F7h GEAIA 48& +Y%z Ak

ot Aaad 2 FARY

ZAYEAALANAN A5DPE 3] WOCE AuAE] AOMLo] ¥ #A9 2,
3AEE Fo|A2E GTSE ¥4 4% & A=E =Xz, 3, oe I7t
¢] WOCE/SVP #JAEo] 188AF-E 19923474 EX g IRy Faid
# 3819 Fol2REH F& ARE ATLYT (FF 1 F=x). ¥E AAZF4
B 2 3FL A 94FH R A8st oi¢ DedA FEHT Qe A 1
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oA AFH vts} o] Drifting Buoy Cooperation Panelo] AAIZt A543 ¢
FE g3tk FAYH AU} AAZNFR ool 71937 §3) € AFAY
9] 2 3dxd $9% + Td9 FolzHE #ZE A5 E WMOZL o848 #
AEEZ $A3AT. WMOE o1& 3 4 PTTel di3] ZAHUEE F93}AH. 2
Adxe] R B aHWUE (PTT 2HEI)E 22601 (0203138 22603
(02033)0] 1, 3xbdx o= 22604 (11010)%-¢ 22607 (11013)°)}.

E, £ AFFHAT SUdA {88 88 F UASSE F3¢ o-HBgRE
938 de FTEFALEL] ATHAH YD 3R A wix FA
BEZ52 A3 RAAER o4¥ F AEF AATLee FolRgd H2¥ &
AEE HE3(U

2t AT Fol FHAH

£ Ad79 EXE dinbd i 7143 FFIANAY ARE BFA FA7
A7 Aa4A3% PTT AHE89] %S A3 PTTE 35 820 FAFAY
i 162132 41+ 8 hours-on, 16 hours-off A$WY & €3t A7zAdELL 0
2 Poz AYsed APFTAA X} 28I AR AQE T UEF
A=2& FAAU

€ FA7E UM ATHAY FEHFo] 4¥E SAFHE P AUA #
Aoltt. wEtH FHAYE 3 L YA AANRAY &, (1) 94937
Fole FFAY divfd#rst £715e HYgez2 <A ' A9 I3y
duldizt £7158e #33% BAH2E 8 5 UASE ¥ (2) Hol49 &
#e] SdstE A CTD B3 Y3y T3 A7I7t 3SR G=F @ &
¥ AN AYP 249 FolE T3 ol AL, Q) dvtdFiel THYE 33
g UAEF 30 0|3 Foj& 1719 T4 #3454 FagT o8 93
€ 23 A8FHF-o] 4¥E& 33 AU (F 5).
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1349 (3A): dehdiel A¥e] 713 28 4§38 1914 74 179 ¢
e AUYSE ol g3t FF AW 32° N 544 127°,128° , 129° E o 3
e A4FH Folg Fa3tsich. PTT L HHEIZ & 9727, 9728, 9729 o]}

Table 5. Information on satellite tracked drifter experiments in
1991 and 1992.

ILD. number  Date Releasing point Water depth Duration

of floats  deployed Lat.(N) Long.(E) (m) (days)
09728 17 Jul. 1991 32° 127° 124 63
09729 17 Jul. 1991 32° 128° 166 106
09727 17 Jul. 1991 32° 129° 821 17
02031 17 Apr. 1992 32° 100 127 118 54
02032 17 Apr. 1992 32° 100 128° 148 145
02033 17 Apr. 1992 32° 100 129° 466 184
11010 18 Nov. 1992 31° 125° 30’ 63 24
11013 18 Nov. 1992 31° 126° 20’ 81 181
11012 18 Nov. 1992 31° 127° 10 110 83
11011 18 Nov. 1992 31° 128° 210 102

2348 (FA): dvhdiFe A¥o] g3t FAE 19924 49 174 @33
FAT49 350 EF NYRAIAE olejx=s 2 32° 100 N A4 127° , 128° |, 129°
E o] 3di9] ¥olg F3tsitt. PTT /A EE 2031, 2032, 2033¢]c}.

3IRAAY (F-FA): |, 22 AHAA dvhdie 3409 FF0l o2y dF
A& 31° NHe 2 ol g3 FEANA #Fol de FuE 27 A 499
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Holg ¥FHIFATFL M00EF AY2AE 352 19929 1149 189 125°
30", 126° 20’ , 127° 10’ , 128° Eo] ¥&3ch. PTT fdEE 1101049
110137} A o] o}

A3d 4343

7F. 19914 sHAE ¥

3olo BFe) FAol Wl 15m o] AAT AYFARo|) AL FEF
§ BQUT 10IKE 799 Faste] AL Fol9 o)FF=2E 19 615 2tk
XA 10004 288 Fo| (O7B)= 18-3 cmsd) UWF HEo2 BIYT o
2aY ASEE o 50 cm/sY BE SE2 ERHUT. FAGFF 3l A
FE8 AAYgos o AFAYE #A YR (Lie 1987 Kim et al, 1991)
#2 g na 2t A4 ASES FUT. ol @ FAGH AL
49 BHE ASEM $49 2718 AL 33 13 Faig Fo] (9729)
= Ng 200e BBoz o]5T F WY W= AVANUTL. 25 cms AES
FYFE AL NEHUT A& T XE U2 EFHY F BAEo2 A
z2g 73 Al AFHAY. 75 ALE B =& BAFE oy Bad
w7} QAT B2 T Wil X% BF 150 Fa@ Fol (972)% 300-400
m $ANA FREALE e R #E F49 10-20 cms 2 HHARS. o
Y8R E A7 Kuroshiod] 7% ¥ =712 818 292 20-30 cmss e 371
#4502 EARNAT.

309 Fo) F2E FF A¢ B Tol AAYY £} 28807 EAFE
AR 2880k F ARIAE U, BF AWANE $YF, 22 o
2% AT YEFE FANE Roz AZEY. £3 gRd 9 HAd
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Fig. 61. Trajectories of three satellite tracked surface drifters deployed

on 17 July 1991.
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BIHRYE 2880 o] ¥ FALEE T +YE Fo)FHAYP g A
o2 FYHUY. Fo] 97289 A2} QEXROSE Y o|FH AL ojvlx %
A7 A7 FH22 GFHAD W3 71Q¥ 3.

EF Fol7l g4 48d0 EF 15 mo] $1x3t%17)o] Kuroshio A9) #4
& dEHYez F43te dridiE HA3 g s 290 28y 194
7t Qe {FlA HRE NYFE AHEELE F4o] 753t F4 1034 13 A}
ol A Folo FEFAT RAUNSF Aol Y F < tol7t 8 cm/ss oEE Al
g ¥¥ Fo] 97288 74 17-20¥°) < 30 cm/s2 EASAT. WA A
10 #2944 33 AFE FFFoIH K40 & 20 cmsZ FHET. g Hl
ME ¥-ol9 F3st CTD A A717t &8 o8 #A& H4Ad £+ g
a3y FAY HFRFL duldFert Adxez JFoz Feysta Y&
BT (of, Mizuno et al, 1986; Kaneko et al., 1991).

L 19929 £A44 ¥

¥ 62& 1992'@ 449 179 T3 39 Foj7t FAF HF 2otk A 104
3 Fo] 20318 YW T /S 15 cm/s B AFE FU7A BEAE ¥, FEe
SR AYEHY, AFEY FFAL HYE F 25 cm/sY) wHE £E2 e
At o] Fole HUAY FFER IAY Aoz ey FF BAHG
A AL Hol AFE F UL FIFHAT. AR 13914 F2¢F Fo] 2032&
T F olEY RFO2 FY o vl HYE AP AL F BN AEL
Had ME $5U 2 cm/s 2 72 YA F T BRGA @A ANge
2 7Y AU 49 24-289 T AAA 2880 299 5 A
°l % 25 km, 48 28dU-59 189 ¥ Aol #2E ©YY L5 FS0] 100 km,
@50l 40 km it BHYEFY FF L EFRAAC] FYPIUT. A5HQ T
A F Fole BA 20 cm/ss) $EB FFHO2 o] HEE uRo] FFA
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Fig. 62. Trajectories of satellite tracked surface drifters deployed on
17 April 1992.
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g w} 30 cm/s & ¢E3td Kuroshiod] #7F% ¥ E7E Y9 B4 dE
3 ®A Uzt AUA Fo] 20338 F HYF AMAA HAANGEY Fe 4
$ES ¥ F SFUNE U TFo2 o)Fda 19913 7T F3}E Fo] 9729
7t BEoz WL AVW vi2 1 AP KIA 10 cmise FE522 Ro2
+AAT.

BE Fo] A2E Z ERAYA AFAH gL AALYY €8 niY
Iy Folg o)FE&EE AFEYE I} =T 75 AL wF @EEe
H57F 43 TGFE YRR Z AF FARAA EA3e A7 93 33
sojol k. F AR AAclA E4F9 EAT 44T vis}t 2ol H&E 49
A ER(EA Jdehgth (29 63). (1§33 $A9) AYe T BFAEE wE 22
E FHF/ 75 AUdoA ZEAE X% 2YE 1YY §, 2 F¥AAME AA
Hgege] dR2AY FIF, T HFd A 75 dddAE FRFE £
HE et FAAYL F ERHYAN AR €8 BT o] €&
€ BZARA e FRo QAALEY L8EE FUEAUT.

A 100 5313 ¥-o] 20319 A2 19919 & Fo| T o] 97287 v ¢
g3t & ¥Fo] 2031e AFE Aol ¢& FIHAL dBHY FrEE TH
¥ ubdo] Fo] 97288 HZ o2 o]FHAA o|FHEL FA HFoz wFUL
U AFEE H3AT 5F AL AATol §48 =1L AN 2E7A ¥
dafete] BYPaA YAHE 4-gAMe] AFEs) duieE AP} UL 7
Foz #HUF YA @} (Gong, 1971 Lie, 1985). HF o] ZHAW 3} AYFE
JfZo2 BFPY (Lee et al, 1984). d&tA hFEZo] Y& Folt HFHo2
H 27t AFE Jhrte] F2EA Hu E-9A4E Jt=2AY FHHA R
d-gA48L wE FO2 0T FFEZ AYEHA @) dFolE Aggez
4 FdE F9 B FFFH EFAYANE 4-94FAL BAE 9 93
2 33y, A5t 3L ANY S50 AFEY 8FF AddNT YEhdn.



ol2i¥ olf = ¥-o] 97280] AFxd] HIHA R} AFEZ FANAT

o} 1992¢d FA4AE

L 25 YA AL T 9% AUE B s=e HARE dusyes
AAHA BT F AINDE e L MFRA Fatel T Beold AAY
$9) 288 BT, T 95 W2 GERI R4 Rolr duA¥es A9

S A€ 2T BUHA FR7 duidRY 29U Asgel AR o9 ¥
& A% el AUANE HolE 42 ERL FAAAE YEoz 5N
S SAle] BEFY AZGAE 2] AN AZo2 g olFARY (29
63)

47 209 30 Afo] FFE, 31° N; 125° 10° Ee] Bahg %] 110108 @ 24
Q7 A2E ASAUT. Holr QT F4ANE Az FEeT 34
cmie) $E2 AN of Rolt AREA] EANE FAAE AToD A
§ AdAGAY BEo B ARE ATV 37 27 FHY Ho] 1013
126.9° E 7}A &= ¥-0] 110105} L f&4S I3 BFFos 3 F HEo= 9
SRR Fol 110129 AZE ¥€ Fol WA of Fol +4 110-120 m
& W 10 cmAZ A4 BAH ATE ¥EALd] TG F 3F 3 R
Y49 9-9RA W AFADE B FEOD o)FHdt AFES} YutE
Aol A @ B cm/sPe HE ST FHB F 1084 28 119 F4E0] WY
S50 o] Xolt A-JANE Bt ¢ Aoz B,

31° N, 127° 10’ E9] 53§ ¥-0] 11012 10 cm/sE B4t} 1249 69 A F
T I 60 nmile A (323° N, 126.7° E BE-I)AA o] Md] &3 24¢-HAt. 12
4 169 326° N, 1269° Eol AF3E Fol9 A2 & ¥o| 110137 FAIS L A
2825 ok Aol AE B2 g LEBLZ IFHIUT T A AR
A7 200 R ¥ol L1011& ARG Bt FE 37 cmhde WEd BE S5
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Fig. 63. Trajectories of satellite tracked surface drifters deployed on
18 November 1992.
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2 Hoz olF¥ ¥, F9 EMEAY F4HME Jl2dY 499 FyAAL
2 HEot &t} WA Mg 24932 A9 Fe FE AAWYe] ¥ AFE
FE AAYYgos A HURF 2880 HHE BT Hdndyy
5L T4 HARAS olF FA4F FI2oAM diSAAE wet ¢ 0
cm/s2 @Y F,  dRelA WAANY 2880 A2E BAed JA&
=7t ¢ 45 cm/sol] €3 o] Fole A&HA F AFAEE wE A @FE}
AN eEZoZ WYL APY ¥ Eze HYo: WA Ynd. FFL <9
170 km, 33 9] $o] FA-EFoUrt. M T AUF&S WAA LG 24
€o] gaolA 90 cm/s2 71&H = o] Kuroshiod] #&9) vjFth o] A}
A& Kuroshiog] FFo| WMAIALY ned=2e d¥-2o] HA3 L Kuroshio
7 A71H8 A8E8°1& A Aoz ¥ydEn

A4d TFTIH FFAGY A7 ALAF

7t AFEX
3 1099 A4 Y] AYPo2HE AL Fol9 o|FFE (1Y 624 H
O3 e A7HA 88 HES =28 5 AT
1) *F A9 $4o| A2  AF Yol Y Zoz x|HHeR
#27= S4Re EAX,
2) 2 EZ dRAvifo] FTF sotE w2 H3tes HEgFed EqY
Kuroshio®}e| &+,
3) 2 559of 27171 100 km <ol NAYFSR HHM= 2880 EA.
detgdFol HFAe JFA AZTAZ 3 45H A¥A #FHA R
Aot FHSH AYL 2 A dFESY vRdelgE AL RAY. gEA
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Fig. 64. Ensemble of ten satellite tracked drifter trajectories marked by

arrows. The scale the arrow vector is marked in the upper left

comner. Four drifters crossed the thick line southeast Chejudo on
January 20 of 1993, April 28 of 1992, December 22 of 1992, and

July 21 of 1991 in order of the distance from Chejudo to

crossing points. — 164 —



drldFE ¥ 9% A 126° E Alole] 8RN EAgte ez =
A 44 80-150 m G EAolA BARS EAGE A2e ¢dL 05

N, 120° E 32014 Kuroshio2 ¥ ¥A5o] & A% WSARE we} F480
£ guldfo] He Nitani (19728 AQ}E Gach BAFS T 2149 A
Ay 2880 £8L, 37 GEK A22¥H ANY E2FIAE BEHA
@ ol GEK A2/} 2450 2 AN E2FE A8 vy
) gaed sdeg,

#2L BP9 S0 Aude B4 BT AAE A T BYAAE A
AGge) 288007}, Gl As BAALT 28807} 2o FEAE Aol
SYAE F BE ARE B 22t $YF/ FF AQNN FRR BUR
s ot RAATY £8L F YTE A5 E7d APz 5
A3E Kuroshio] o8} WARE R 2o 5879 dur) ¥XF i 3
FE NATYERY Y¥E FASY A2 Kuroshioo] ¥FaHe wadl, BEF
= FEALE T 24 YHY SN duhdFol 4RY ez 4
Zay.

U AFAEF

a9 640] e RolF22RE dvhd{ 9 AR Este] FEV} sHedid.
10 the] ¥-0]F 47t 7] BE A7)l B3E 10 &L F24A4 FHAJAY ¥
etk 79 FE, 44 FE 199 129 & 4S9 2= AFEFoz J1Y
A BAEE 2Eg B 49 AEE YotRy] A3 gl AFEAA 7
FZoz ¥ F& A& BASNAT 149 A27t AFEd /HF 27U, 4
€, 129, 79 €22 AR Polzn AFEAA 7MF A A2E AY Folvdo
HEHY A4-EE THAAL GE 309 Fole FFER JP3AUT. ME o
€ 428 B AL ¥F FHALH AFE FI2NA AFTx AREgS 2
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A 80 e A T 2ME-Eole AFES dviE Alo]& Adse A
Hy3tA d-gAade] A=, Fol7} AMe W o]F3a FyE AAM}A
€. e o 257t F5FH EFRYqes §HHIL dEHH Ay
e BF ALAAT EA37) G Fol7t AFE F2dMEe JHFLE o]
3 Ha gy Mz Jduda € & U



Al6d 28 2 AA

1 A4 99

B RIAE AFUE UE RIAS 19909 89-1903d 89 34 =A}
A7E We3} ARE 3 AN $EHUT. £ 7= 2y A7 v
2 4794 H9A $F3TANA AYY AFEY ZAE AARo2 £9% A
WA FAZ dFee AR gnige] JFAT V&L A% A5 Yus) g
& 449 gust gk &, ALAG) AFH KA Ty HY2A ATFEEANA
Ad GEAIEA 5oz AVAANE 2 DSt 2e e APYG =@
F8 NI/ BT @98 FARD Q& AANIAEBAY (WOCE) $
PusE ddoz AANSHE 2A) 4 JldE su gom, WOCEE §3
Fepst Ane) WH YA HAL Yo 71¢3 7Y 29T ARE Y5
A HT. A WolNE RS FHe .oy, JFAS, HFRFRA
o 74 & %S AL L -TYSE $43E YohuFY 7% 329 &
g stepstAl =AU, oH® F2 ARE § Yot $FTHNNY 542 &
B, A%, H2Y Fgelas 37 AR B4 An2 Y 5 A
EY £ 478 FA AN AFBS 7)€ ATAYFARY A} L =
el £9 AFAAL ‘92 Qo] A5H FYAFZAN x50 228 ADCP
st CTD N2¥¢ 44 29Ho2M S8 £971¢9) $5& B8 A2y
5, A=Wt AEAY S0 A WIHY.
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2. 28 AT

7} A4FHRe) A
MAHIAEBLY-BEFFE23F (WOCE-SVP)o] Hejstx, vl Scripps
HFAT2Y 71exYE Pol AYFHFo] 5ulg A Ao BAIEL 2
Ao, IH o -AFAR (FYFAIFY) L AANRAR (HAANA T,
WMO)el ¥8% Roldmg AFsa, 08 F71E°] Kuroshiosh o)A Pag
Folxa g AF LU
T3 TF QAN AFF2G 95 & Hotdy) 3 S8 19914 79,
B 19929 49, 7H-&AQ 19929 114, 33 FH Ro|APE T3 A tis}
47 B Fe B 439G ANAAT. F 10 9 Folg Rt AR
oA @& Fol9 o]§HF2E A3} TFFH THAYL B2 UuANY, S
FAHRoM EFF] B¢ ARE AE22 Y $7qAT 3T FEYAA
HFEXA A ¢ Fo@ 238 NS &, A8 T4 E9 grluFe o)
A} 2 g A2E AL WY 5 A0S T2 2B L UA Yy,
D 753 A% $4¢) e 2 AR B LYol QP Zoz x|2xoz §
27t S4FIF EREa (YohgFo #HI),
2) T QEX YFAENAC] FF Mot@ ufal daisis Jdersot EX 3y,
3 & 5590l 2717} 100 km FEQ A|AYPC 2 XSt 28E0]7} A,
4) dioldiRe P2 Ao wa} o] S @}

L}. CTD$t ADCP XA}t

EFTIH FFACNA Hr BB AR dniuFieAY oF e
FAH7] A3 HE F2E ABoPda wEHE 219 NEBEIALE AFHA

(127° E ¥ 5993} 32° N $499) §433 %0 A¥7)3te] CTDS ADCP =



g HYRAT. FFTAFATAY) HFRAML A= FoING 191d 79 AF=
A} g Jxpaurg o] 83t17)o] ADCP A/ £85 A 3ot &9, 19929
M FAA 2 7h BEFHE FEAL AEHYI FFIAANNY £ FYE
H237] 93 “‘FEAYE FYATF" AFAGAAN Y A7l =48 CTD #
B8 o839 & =AM & CTD A|2do] A4 3179 (Neil Brown A}
Mark II-b$} Mark V, Sea-Bird A}¢] Model 25-03) &8¢ AL H3f 71FL 3
3R (inter-calibration)& 3}1t}.

CTD Aa¥A A3} 1919 79 $AZANF7} A58 E =AY FFF
# 2974 & YA ST QAP AFE §3F Q¢ A71Y g5t
AP Ren NFE F359 FHAGHY HF4U ge FAS HHAG.
19923 49 ARE 954 A¢F9 A™o] 45 Wdd] Kuroshio #7419 1Y
47t $F328 $599 dSE4 ez #AAA, AFHY F2o €-9
Aol FAEAUG. 19929 114990E 49 ¥ XS} FABI FF5IH G0 dS5E
4¢} Kuroshio #7417} wht dEwge] AN E, 3Ll adsst A+
QA 1L TYF/ B AFENA duiE FEg ddde 4E wH 4-9A4
o] 3AHAT. HEMY AFEde AL-AGF7 dehgeyd F5=die &
AstA @siet. 33 2AIER AEHPAMY L5 FFFHY FAE
M= EA%T ASTS FAFA-

o BNHHEE e Ad 2 Fdds

FZ3FHe BAUBEYY AgA2A HPo]l FAHHF AA AP, 53] F
ZZ¥ WFARE wEt 32+ Kuroshiod] 93 & 98¢ wedh @A JA
Hyde) 4y $33H9 APAFT L TAY Yast Aok a2 HFRAA
o ¢ HIBZL A-FNHH22 FE Ao g2y g vny &4, 3
Aoz AnE YS¥ 4 Y& BT A8/ ¥ol 848 2 BT #F0)

— 169 —



B4 A7) g2 AFHO FLEI/ TYHA R AR Ho] TYHA &
ol ¥ A& BIF 55 FALAE AHEU B AFNE 3 SD AA
W, Lalace®} Spline R ZPY, 3A3d A AES, 7|2F5AEY, CEOF (complex
empirical orthogonal function) W& =3AY A /RLsict.

203+ (1964-1983) =Abe ¢F 200000 BT #&3A2& A sty A7HYL
$ FE 2 BP0z AR AAA (F 587TM)NA 2719 @99 AAE Rr=
BEUD EFFE dFHY 1Y, ALHY BFZez MY & AREEE B
HHdo] 100 m o) FANA F&dsE FdEFo] AvFeo|th EEFFE AR
AU G AEE AA 71E (Y Hol B3 Fo2 ARFR RFF} AFF
F2us} Alolo] AR Aol Utk FHENM F£L9 AFAFTL uigF 9%
F2439] AAdF g F dPdrh AdWFL 200 m oA Hdolxn &
BHozE FHEAAN AAZ vephdn. dgfgolyg AdwEe 34499 F
714€& %€ CECF 9ia 2= &3] 43€E & A9 4% E=E 10 cm/s AE
o AAEEZ B4 PYgoz2 AYPs= 492 €9 Rossbydrt EAstn &<
B

% $3F8 RIS BRI} T2

2 HAY F A7 YA FFFAE FAR EAste Ad AFF &t
1<l Kuroshio7} ¥33 3 Kuroshio®] ¥ A#< divtdFot diddis £4¢
o dRbdfE FFIHY SN HGY AP F2 ¥ v wd dvt
G B3, FF5H 5, 28 0 o2 7 BEAT HAYel gL
A, AF71A] #FojFer A FFFHAM & B AL o]Fo] Ho
Y ot = Kuroshio®] AAEEF, F AF9 714, h5E 59 Kursoshio 7]
i q¥fAo] HAEHA G LAt ¥ fYvete FF5FH/ HFEA
% (5393 AR F FUYolx TSI o] #fGo] U @A 339
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B0 W FEAAT AARA AFZAE AT S AQo|h olo] o= ¥}
Be 83 127t Qolok ¥ Ao AAeH o NGy olg3} AEe] g
A AF2A} glojop & Rolth.

2 AFdAE 71& B3 AE 47 st QVAFSHE FHAUL
S8 ¥ uo AW 478 37 99 &R 10 75 F7) CTDst
BT &z, $4425 H4% 42§ 712 dolguol2z FFAt 71& 4
ARE olgste 55T HITRG ANEAY, 2en HAFREE AN A 3
E3oh 20° - 35° N, 120° -132° E # o)A ¢ 7290039 F5% BT A=
& 243t 429 Adusis FYLEE SUBAANG. ARLAe] 174,
FURAo) §-3E 30 02 AERY F FARANA AALARE BE F A
BH APAE YHE AV S8 EARNL SHach

o, tebd s 7l4% 3=

B FdAe 477l £33 HFdF s /1€ B} Aw AHJE
g 53 dridFe /1493 328 AFYsUS. F7) GEK AzE FFAY R
e T BE T Y9F) QAT ANYA divhdFel It HAFY A&
Bolx] E3RUoY 339 HYFHFo] AYL F IF F40] 80-150 m HFT
o] 4% 10-30 cm/s AEY BAAF/E EA ASE AFAA. o] HAFL
3% Aol 5o £33 GEHEAIT FAHIL AYstE @AM &
e LTG5S 2L HHNE 22 o HAHI dupdidg € Ao
BEARFE AFE @RoA d@d Ale] Yol Al BE =29 AFE R
I YE Ao 39T & AYSFT §FE AFHAE dehdFv AFEA
AR S A2E 93 qEAY Afsz2 AQEA JAT Ad959 H=H%
Hio] AFE-riEAleld] d-gAMe] YAHE RALAN E7AE G/
AFxo] A FSHL gAY FrE2 FIdIH
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AR Ao AAY Yutdie AFHL AFE T 2L ¥58%9% o
A3A] ged. &, Y F dqEHUAAY A5 FAdo] dANF}A G
diole 5T AFY ALt dAYE A} 1ol Kuroshio 44
7t de2RE AYHA R FFALY ulgde] ZE Agele diYPE 7
228 d-9AMo] Y@} (Wang and Chern, 1988). ©]&= Kuroshio 447} o
TAHE FTHA3NY] ol AMLE FPPY. TAL-Fel T qaANPe A5t
430 T A4t gAY 2HHY FFo] FHA of A-FAAM od
ALY nGF7t FEHo2 HYL FAANE Aoz BAHUY ¢S FFIH F
9 124° - 126° E; 29° - 32° N # oA Aol T3¢ A5 07t $F2
2 o FdAtE A (AF, /AT A)E 233 YudFe aFHE ¥}
Aot g FFFH BAF Y T 4 ¥-ol9 AFHIP22 o
T2 dTdFe 2F0] obd FAAAYF 3F L ¥PEE Ao

vl 224 RAIATE A VIEAE £ 2 2d &Y

HFxAE B AFF} At 28593 3 AAHE WRAE AL
ATEELEEE A 54dF02 /IEANRE LYo A9 AEAHS US
¥ ¥ Ut oo 184 d77130F SR o B2 #4E 23 HEFzAE
&Rz A3 ARE FHY dEFY HdT A8E 53, AUASA 2
@A A8 A8 uE A 2 REH £3I¢ A8t 196437 H 19834
7HA 20839 BAHBP SN BTAR, 1960458 1989d71A] 30d3te] §F
F3olA BTAE, 42 FABAE7T 19299] JRAE CTDAE |}

¥R T HEFCEl viFFo A3 A F9H7) GEo] d8NGH
o] 1978d%-H 198797HA] 1063t 19 23] 2y A2 RE FAEd 3437
& AR T AQANMY HPF L AW wolehulol2g FHIA
o AR} ALY HAAF stress9] 7] 48 FITEEE £ o AXHA
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B5EF A 9%H FI HFEES 35S dF3) AN sl
A7t 284 AFARGA o] Fo] AHopdrt. wrElM 197 A7t FFAx
T 8 M9 A8 sty F TR ANYFARY Z=EF Y530 RAA
2 Blumbergst Mellor (1987) R¥2 192U E £ARYY A2 I=2 33
2 AR AY FA#fY2d (three dimensional, priomitive equation, numerical
ocean model) ©]t}. o] @& second moment turbulence closure scheme, sigma
FARFA, curvilinear +H A FF A 9} Arakawa C scheme, explit 3 AJzt
v] ¥, implicit 3 AW, free surfaceE AMS3t SLAYERL 2344, ALY
e 33des Ay o] 2dL FFIH T AHge] Ay 2dz ¢
A g9t FHA I=F Haidvogelo] 70w Semi~spectral primitive
equation 292 1990 HIHUT 7| YA 43 ZFAE Blumbergst Mellor
A3 fAFHY rigid lid surface$} second moment conservation® ©| €33 7
Az 22 periodic channelg AHg¥ 4 o™ E# lagrangian o] &5 & A¥
g T d=e ZHo A4

3. ¥FF FHIATHA

5T, B3, T 4% QAVAE TFEE drhdFE INE FEHNYGY
HEEUFAET AFcE 2AALE M FE 24F shiolth o] #HYd
A AESFIL JE NFPEY A-FT FE} dvldFao UReA BHE3A
ol dvbd§e] ¢S mechanism& HebatA] e Rt A Erb5dd
I = FHAo] oyt EY duidFrl 43 WdE ¥ ATt g
E BEHo ALAYHL 88 ¥iIE AQYINF AAdE & J¥& vAAL
hEA A 713 BRY GRE AHAE debdFel A% 43 HPAFL 1
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Ao} Ut UrhdRe Flgol Y BAL 71BHo2 544 slAolsle] UF
B4 Fe GFEF) A USARY) BEo2 Yol HAchE 4 (Hue, 1982)
ol WIE Btk & A7 ARE Y& W S AHE BAG. Yol RY
Y43 o8 A2g N} FAY FHAY) Ade F2AQ LH B o
FARE U BANT SE A4 % 3P HF2A Qasn 4
Amge] ¢ oty P2o) WAslojo} gt FAYY PPo2E I o
£33 22ALE YUAE Aok ) oj4e) BAINE THHA @ 23] o4
R7183¢ A% A8, deIeF ¥ dAsE H9L Mt FRY
olst f&AC] ¥ AU AF A2 WEE AT, CTDS FH Q4o 9
¥ a4 A4S EFFAE WAL, AEEVE AT HYADIH 334
$02d 478 JPs= Rolth ¥oT ¥ e F2d gio] 20 HIE
F2A7t age ol§ A% Yt X AYASWE Y 659 o] AN} =
¥ 5233 2dy AAZVOE Kuoshiod) £433 228 Y92 A7)
Btk BA¥GS 2o NY FYEdY F3g Adrdy FAZPOES AE
e Aol vigHs
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Fig. 65. Suggestion on the observation network of the second-phase study for the origin
of the Tsushima Warm Current and oceanographic conditions in the East China Sea.
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