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SUMMARY

I. Title

A Study on the Oceanographic Variabilities in the Western
Tropical Pacific - An 'Oceanographic Survey across the Equator in the

Western Pacific -

II. Significance and Objectives of the Study

In recent years, anomalous climate occurs frequently, not only in
our country but also worldwide, giving rise to a growing interest in the
change. Such anomalous climate has a direct influence on our everyday
life, and hence, from a national point of view, it is vital to supply
enough information on it. It is natural to try to understand such
phenomena in the global point of view, since the anomalous climate in
our country is not due to local reasons but is a projection of the

variability of the global weather system.

The solar radiation that provides heat energy to the earth differs
at different latitudes. But the portion absorbed by the atmosphere and
the ocean is redistributed globally through their activities, to influence
the global weather system. Ocean and the atmosphere, of course,

interact each other in the global weather system. The former is



responsible for rapid changes, and the latter for the slower and the type
of climate.

The region in the western tropical Pacific with very high annual
sea surface temperature is called the Warm-Pool, and it plays a key
role in transferring enormous energy to the atmosphere. That is, the
Warm-Pool is the heart of the atmospheric circulation, which in turn,
has significant influence on the global weather system. Since minor
variability of the Warm-Pool, i.e., the changes in its position and the
sea surface temperature, can influence the global climate system
significantly, it is totally necessary to take the role of the ocean into
account for better understanding of such anomalous climate changes.
Associated with the Warm-Pool, El Nifio events have been recognized
for a long time as one of the longest-period oceanographic phenomena,

and the resulting anomalous weather has been reported widely.

At its later stage, TOGA established the IOP (Intensive
Observation Period) for more accurate and intensive data collection. By
our first participation in the IOP, Korean researchers began to get
involved in TOGA. Although it takes only a small portion of TOGA,
our efforts and contribution will be recognized by ocean research
community in the world, and we can share the fruits of TOGA

prograrn.

The tropical ocean has its own characteristic phenomena



distinguished from those occurring in mid and high latitudes, and that
can be explained by differences in dynamical features. In tropical oceans,
the momentum balance is different from that in the mid and high
latitudes because of the diminishing Coriolis parameter as approaching
the equator. Even though our country is located in the mid latitude, it is
appropriate to view such anomalous variability in tropical regions as our
own problem. Hence it is necessary to establish a foundation for tropical

ocean research by obtaining available ocean data.

III. Scope of the Study

1. Observation line is designed so that various groups of
oceanographers can get what they want, and conducted ocean cruise by
KORDI's R/V Onnuri.

2. The project enabled Korea to play an important part in
cooperative international research programs by Kkeeping close
relationships with the main bodies of international programs like TOGA,
JGOFS, and WOCE.

3. Internationally, the weight of ocean-related research in the field
of oceanography is large. However, no systematic research has been
conducted in Korea. Hence for successful conduction of ocean research,
it is necessary for experts in universities and other organizations
nationwide to join the project. Since ocean cruise basically requires a
great amount of fund for ship charges, it is advised to create an

atmosphere so that as many experts from various organizations as



possible can join the cruise.

4. By conducting oceanographic observations in the western tropical
Pacific, it is now possible to join the international TOGA program and
obtain valuable data from it.

5. The amount of such data set far exceeds the amount that our
country alone can collect through our own measurements, and they can
be the basis for future researches on the variability of oceanic
conditions in the western tropical Pacific, that can influence the climate
in our country, and on dynamical processes at the ocean-atmosphere
boundary layer.

6. Obtained available valuable observation data in the Pacific, and
established a database so that further research programs can be
performed without difficulty.

7. By our joining in the TOGA/COARE during its IOP period, the
project enabled us to identify the current research trend and to enhance
Korea’'s research ability for the futuree. TOGA/COARE is a project that
can give theoretical bases for handling problems yet to be solved
associated with the western tropical Pacific Warm-Pool area, which is
the ultimate goal of TOGA. Items for observations in COARE are
defined to identify oceanographic and meteorological phenomenal aspects

in the Warm-Pool area.



IV. Result of the Study

1. Line observations in the western tropical Pacific

Physical, chemical, and biological observations were made at every
1° in latitude between 10°N and 5°N, and at every 30’ between 5°N and
5°N, along the 137°E meridional line, as were done in the first year. The
CTD castings were made at all depths to the bottom at stations located
at 9, 7, 5 4, 3, 2, 1°N and the equator, and up to 1,000m at other
stations, recording data during both downcast and upcast, and taking
water samples during upcast. Especially at the station at 2°N, which is
close to where our ATLAS buoy was moored previously, 24-hour
continuous CTD measurement was made in the upper 1,000m. However,

the ATLAS buoy was absent during that period.

2. Establishment of an oceanographic database

This research project team has been keeping close relationship
with the main groups of International TOGA Research Project, and
obtained not only oceanographic data but also techniques of handling
them from NCAR, an American organization that manages data for
ocean and global research. In addition, KORDI is now ready for
establishing a system to obtain and make use of the near-realtime
TOGA/TAO observation data from the PMEL, the American
organization that operates the realtime ATLAS buoy system in tropical

—12—



oceans. The data to be obtained will be distributed to research groups
in universities and research institutes, and efficient system for data
distribution will be set up by consulting experts. Unfortunately this
project will be terminated after the second year according to the
decision made by the new research project management system at the

Ministry of Science & Technology of Korea.

3. Participation in the TOGA/COARE IOP study

During the IOP (Intensive Observation Period, from November
1992 to February 1993), intensive and detailed oceanographic and
meteorological observations have been made in the tropical Western
Pacific. By participating in the IOP, Korean researchers began to get
involved in TOGA. During this 4-month period, over 1,200 researchers
from more than 20 countries joined the IOP, making use of over 700
ship—days and 12,000 rawinsondes, and 125 observational air flights and

continuous measurements at more than 30 mooring points.

Detailed researches have been made possible on the basis of such
data. Three Korean researchers (two from KORDI in the field of
oceanography, one from Seould National University in the field of
meteorology) participated in the TOGA/COARE Data Workshop held in
France. The TOGA-95 Symposium will be held in Australia in 1995.



V. Conclusions and Discussions

In the second year, oceanographic observations were made along
the 137°E meridional line, as were done in the first year. The data
collected in this project could be an important basis for our ocean
research, and Korea provided its own data to the international TOGA
program. For successful results in ocean research, it is necessary to
have research vessels appropriate for our purposes, and researchers’
active participation and voluntary contribution are also necessary. The
observations made across the equator were performed by a cooperative
group that consists of the researchers in the fields of physical, chemical,
and biological oceanography. Material transfer processes in the ocean are
not well-understood yet, and hence acquisition of such data has its own
important meaning. Even though the primary productivity in the ocean
is relatively low except in the regions where upwelling occurs, it’s role
in the biogeochemical cycle is important. It can be studied by remote

sensing, but field data is necessary to estimate accuracy of the results.

Since the beginning of the TOGA program in 1985, a great deal
of researches performed worldwide fell into this category. This year is
the end of the TOGA’s 10-year period, and the program is now being
evaluated successful. Since the recent international research trend still
puts emphasis on global climate, earth environment, and their changes,
the new international CLIVAR program is to be initiated as the
successor of the TOGA program, realizing its significance. The CLIVAR



is a 15-year international program, from 1995 to 2010, and worldwide

participation is anticipated.

Through this research project, Korea had a chance to take part in
the international TOGA program, and enhance the level of our ocean
research. In this project, observation line across the equator was
designed, and observations along this line were made using KORDI's
R/V Onnuri. This project also induced Korean researchers. to join in
TOGA’s vpriority subjects like TOGA/COARE and TOGA/TAO.
Unfortunately this project is to be terminated after the second year
according to the decision made by the new research project management
system at the Ministry of Science & Technology of Korea. A small
number of people even insisted that this project had to be terminated on
its way in the second year, since it is supposed to be terminated
anyhow. However, it is a shortsighted opinion ignoring the important
fact that this project was originally initiated by the necessity for
researches on global environmental changes, and has been an important
part of the international TOGA program. We should never ignore the
necessity and importance of a national ocean observing program. Those
who took part in this research project are still eager to find a way to
join the 15-year CLIVAR program starting from 1995.

—15—
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Figure 1. Mean surface wind stress over the tropical Pacific for a) February and b) August.
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Qo g BATIHF FHEF 3 BAF (compensation flow)
AL FIete AEFF (EUC)Y A& 4%F F4F2 44 150
cm/sec, 40 + 13 Sv o]t}

IE F2EX Y HKIA vehdth 199 o] BE AEFF FAFS
& RSk, ole FElHE Y] Subtropical Gyre F4F-olA AA4E
& (South Pacific Subtropical Water)o] 7}2tgkolr] AZEo g olFsta o
Al Ax2 AU FFl Futoldl(entrain)® Rolth. J=EF /= BT 2
Mo g JHA =, 45 ¥ EFF(mixed layer)d] 3§, 22 -
e 243 Yol EAF AEFR ol e A =F3 3 F(Equatorial
Intermediate Current, EIC)7} AZ2o 2 323 I olgdss T A=
7 EAT MBS 1-3973 vide] Bego] FFHLE HJAH

—44—



A =9, B3AE FYNFI AT ERHARAAE ABsF, 2
ARAME BT A=PF7} s,

M B FlME HA=ZF(EUC)S BHENF(NECC)E &3] ¥3 of
ol A EAEIT ok FHFYANME FEFIF AF ZHE B
olBEE EZA HFY 9A dFL YoluA wed. A=FF F4AA
ol F2%F9 FALY HAE wel FHE DTS FolHA BZ9 F
A E 8 F(SEC) vtz Loy /=AM A3,

AEHYL2 FHT ofF AL AFsrIE gt ol A7 W
% Coriolis &}l 3 53 H HAFgo 2, 4z FF¥9 FHIAE ¥
EE ®olAY &5 (upwelling)S F354 31359 d¥dL BFo X

5 FF8F7] bRk
A 23 F73 1371 A=A AAZAZA 94 2 A8

ZA TOGA ATAIEY doz du MeFFAA dojve Y
7 thr)e] whg 2 AE Aol B BAES A 98 FEHIATL
AN A= FEASL AY, AN BSHGL AP NFE £
i Este 74 137 FA=AE ol 59 10E0ARE FHEd o
EI7HA FEE& Fgste BAeln (2¥ 2), 19929 12€3 19949 49,
T Ao 2A ATE FHIAT. £ BEIHNLE SR N A
B 52 49 Fa FFHFYL B5sT Utk 59 8% ojEA &
2 BT HRINEC), E9 8xoA 54 4% HX T2 FJEHF
(ECC), &9l 10X EH 59 4= AlojolA E2& EHE3){F(SEC),
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Figure 2. Map of observation area and stations.




AZE FHez F-39 2 U9z 3=2& FAXFHFEUC)7E 1Al
ZAE L e G JPEARE A AT AFNESY £ AFEM, A
Zo 2 WM 3 F(Phillippine Trench)& AX "W A= FFHYYL
%2 2% Eanrippik Rise 59 o8 § ihez EH god F&F
o2& H¥ol Frivdez AU 44 5000 m Wl AHfEA ol
2t o] EAY sl EAlste S ALY 54 MHBGY o
2 ous TEE Ao BAY A YL AR E, AGEF, A3A
F 522 ERAAYAE oy ZRAEY A BFEe HL AH(red
clay)22 QAR FHE 433 du(calcareous ooze)Z2 HIH UL

7] 2 3o %ol thdted Coriolis ¥ =l FIfol wet
oesiAes Al Y FFREE 2 FAAURE F5o uiF Yot &
AR Y e Qe wf$ WA wdoh olg T H}H 5L
13, T JzeldME FAVSZAYY Y VEE wEt BF
AL FA AASAT b2t 3 137 AL wE 59 10= (BH 1
W)EE B9 5E7AE 1E Fez o B9 55RE FE (BF 16
WIZLAE 08 Foz FME FASA B, 3%, AEYY g4 B
23tk (2¥ 2, ¥ D). SigRAMAE A 13 #F (19924 129)<1A 4%
Zo] F2HYATLY ex3olH, & FHNME HAAAA (F4 0
4000mEtt @& A4 4000m7HA) BEE AL EFFHAANE F4
1000m7tx] #23sgch A5 E ZE AFANA CTD 323 deA BEF
FR8H ey A5 CTD AsAld F3=HA. $avtake] ATLAS ¥
g AFT A QA3 AH 129 (ES] 2x)dAe A 12 BF (4
500 m 7-A)3 €2 43 1000 m7tA] 24A13F A&BEE AAEUH



Table 1. Observed Parameters at each station

ITEMS RI. TAR,
CTD | ADCP | WAV | MET (WS | HYD [sv | BC | GAs SPR CHL
ST. (°N)
TEQ 1 ( 10) o] o] o O] o O O 0]
TEQ 2 ( 9) O o] O ®) 0] ] O
TEQ 3 ( 8) O @] @] o] o] O o]
TEQ 4 ( 7) (@] o] @] @] O @] (@] o] o]
TEQ5 ( 6) O 0] (0] 0] o] O O
TEQ 6 ( 5) 0] O @] @] @] @] O O O
TEQ 7 (4.5) 0 o} O 0] ®) o]
TEQ 8 ( 4) o] O @] @) @] o] o] O
TEQ 9 (3.5) o] O o] o] @] O O O
TEQIO ( 3) (@] o O @] @] (o] @)
TEQll (2.5) 0] o] O O O @]
TEQIZ ( 2) 0] o} 0] O O] O O ] O O
{SUPER ST. )
TEQ13 (1.5) O 0] o] O O O
TEQI4 ( 1) o] o] o 0] (@] (o] O
TEQ15 (0.5) 0] O @] O o] O @]
TEQ16 (BQ) @] O o] 0] @] @] O @]
REMARKS:
CTD : CID Casting
ADCP : Acoustic Doppler Current Profiler
WAV : Surface Wave
MET : Wind Direction and Speed, Air Temperature
WS : Water Sampling for Salinity Calibration
HYD : Hydrocasting for Water Sampling(DO, Nutrients, &'°0)
SW : Surface Water (Trace Metals, POM, SPM)
BC : Box Core for Sediment Chemistry
RI : Radioactive Isotopes (*°Pb, *%o)
GAS :@ Dissolved N0 and CFCs
PP ! Primary Production
SPR : Spectro Radiometer
CHL : Chlorophyll
Z00 : Zooplankton




167} Al 3] T-S Diagram (I ¥ 3NN AN ZAA| Yo 4
ST E(T - 30T)% GEEE (34 psu - 354 psw)S AWRA F2o] 4
22 19929 1299 BSFROE ¢ 2T AX 443 0TS /1A, d&x
HhFEe] o 005 psu AE 443 3445 psuS T ANAHQA T-S
TEE B5HY FEBAME A3 B Q8o 35 psu olFte|d AU
Bo] 714 A4LdM YBUE T-S 728 Mol I dow pis
FA 35 psu ool mgel vehdrt o2 # 35 psu ol mPLe
2°] 26 - 28T, 18C - 205T9}+ 13C - 15T AloldA Yehdo =
A Yeide BFE dEFAN ANEEQY 354 psu ol FEL
20°] ¢ 19ToIA Jehdoh 19929 E #327e B B2Ade 714 2
ol FFAAMY ARWEREN B FZoAMe] JEEI}I Bo B3
F3& WIJYt. T-S Diagram’doll Al urmQ 2B M) oJ5a 3=
A Pz FEE § Utk 279 $3e 54 AWEH $80] 28T
old, d¥°] 3395 psudllA 346 psuld ZE LLTYPY B2, O §24
olejdl ZAse AEol 35 psu oL Hol: TLITPSFE $£L0] 14T
AM 22CE etk AFLYGoles £L&0] 9THA 13T WS Holxm
AEol 345 psu oI5t AAGE G A= ALAGSFY F£20] 5C o] o]
i FE°] 346 psu olAE ZE ALnge AE52 yEE & ok

of¥

oo oy

3" 4= HFE CTD BEHAHAA £, g 2L 9] $44 pa
Walo|th. o] YA £29 FAo) WE WS AWEW AWSLot2
(Seasonal Thermocline)& 4 30 - 50 moll BAES Uxn, F74L4=
(Permanent Thermocline) 200m oA 250m 4 AlojdlA] et}
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Figure 4. Vertical profile of temperature, salinity and density at each

stations.
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& W3l QoM EF EFS ukR otdliel 35 psu oAU LEY ¥
o] Yehti, F75LdF Sld LESF (35 psu o7 FA vEhdH.
FTF2%3F HiZ otde HLgEFol EASY AFLE EF-F HA
gl Frtste AL g AFE S P A¥EE FF
2004 AR 44 7ANE F59 TEF7E 35 psug 9A €29 BH 17
2 99 B AHAHCAME 35 psu oY nPE ek 474 BH 14
20 JehE LEFE B9 105 o4 I EAEHF (NECO)Y 2
49 dgoz AT, P 58 olFdA UdEe nETFE GRS
F (SEC)9 g4z AIREY. 4 ¢ 60m F2o Uehte 35 psu ©|
Aol 1d5E ASZHEUC)Y B % e Alsdn. F£33e=
4% FAE 29 8=(FAE 5H7HAE ¢ 100m =Y EEez &
2 Az FANA FZAAE oF 300 mol olE2A HW, I3 FAUIAA
FAAE GFoz Z5E BT e W3 oL

FL, 9%, 1x 2 §FALF] HFo UF £HEHL I¥ 5a,
6a, 7a, 8acl EAIIPYen, 53] 44 500m ol FFFd 3 s
M I3 5b, 6b, 7b, 8boll AAIEIATE B4 137%E, EH 10x4 Az
o2& FEWEY FEZAHML wel FYE £ FAGHE(AE HE
By s A AY BF 29T ol ¥ 28 fAst len,
AR Feze FAE B9 10594 & 18 molH AEZ2 ZFF HA
ZolA o 4 50mell o123 Utk FAH FFust 7HE E Hele ¥
9] 850X A 40m= JHF ¢ FEFoz ZFE FA AoA A 4=
e 250m7tA] QolAH T AE2 ZFEF Fold FHxZAe F4
200mdll ZA3c) B9 8o BEOoZE H3 HolH EH 10=dA=
4 120meliA vepdeh o8 F2Fuje RN F9 S5xCA 10
Atoldl &5 @A (upwelling) & ¢ & JoH, ol AL A +4



1000m7HA] JERdth. 19929 #FHAME B 4% o|BoA ol &+3
gol Ro|A gk & #ZFo vld v t3A JEldT. £33 1992d BFA =
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Aol £X58 2 FAE FxdME o 2900mE (4] 60m - 350m) &
Zog Z4E gold B T=EAME 2 FA < 40mol o2 9 9
=9 10= Abolell 91X g L 4 100m F2ogk yepdoh &
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fig21 b) salinity observed during 24 hours at 2°N in 1992.



S (psu) T (°C)
.0 0.1 -0.5 0.0 0.5

[
[

— 200
?

E

D

>

e

VSN AL/\j«M\ | J Ao
J \/UV V‘\/wV

500 -500 -

Figure 22. Typical thermohaline fine structure obtained by filtering the
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Figure 25. Vertical profiles of salinity and vertical sheare of velocity.
Strong shear appeares at 130 - 150 m depth, i.e. near the low
boundary of high salinity tongue.
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28 Vertical distribution of temperature (C) along 137° E between

Figure
10° N and Equator in April, 1994.
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Figure 29. Vertical distribution of salinity (psu) along 137° E between
10° N and Equator in April, 1994.
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Figure 30. Vertical distribution of dissolved oxygen (#M) along 137" E
between 10° N and Equator in April, 1994.
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Figure 31 Vertical distribution of apparent oxygen utilization (AOU, u

M) along 137° E between 10° N and Equator in April, 1994.
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Figure 32. T-S diagram of 5 stations observed along 137° E in April,
1994.
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Figure 33. Vertical distribution of nitrate concentration (#M) along 137
° E between 10° N and Equator in April, 1994.
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Figure 34. Vertical distribution of phosphate concentration (x#M) along
137° E between 10° N and Equator in April, 1994.
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Figure 35. Vertical distribution of Silicate concentration («M) along 137
° E between 10° N and Equator in April, 1994.
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Figure 36. Vertical profile of mean dissolved oxygen content («M). Plus
represents maximum and minimum value in April, 1994. Square
represents mean value in April, 1994. dashed line represents

mean value in December, 1992.
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Figure 37. Vertical profile of mean nitrate concentration (x#M). The data

of North Pacific are mean value of nitrate concentration
between 10° N and Equator along 170° W (from Sharp, 1983).
Plus represents maximum and minimum value in Aprl, 1994.
Square represents mean value in Apri, 1994. dashed line

represents mean value in December, 1992.
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Figure 38. Vertical profile of mean phosphate concentration (u«M). Plus
represents maximum and minimum value in April, 1994. Square
represents mean value in Aprl, 1994. dashed line represents

mean value in December, 1992.
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Figure 39. Vertical profile of mean silicate concentration (#M). P lus
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represents mean value in Aprl, 1994. dashed line represents

méan value in December, 1992.
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L2 Aol A AFFolA Si(OH)s/NO; Hl€o] E25H =t}

depth <500m ; Si(OH)4 = 0.95 NOs™ + 1.28 (r=0.96)
depth >500m ; Si(OH)s = 5.23 NOs™ -81.94 (r=0.60)
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Figure 40. Scatter diagram of nitrate versus phosphate. Closed symbols
represent the data shallower than 500m. Open symbols
represents the data deeper than 500m.
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Figure 41. Scatter diagram of silicate versus nitrate. Closed symbols
represent the data shallower than 500m. Open symbols

represents the data deeper than 500m.
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T2, 9E EXE ZAZ 39 B9 628 7Foz 9 XA
5% 89 (59 7 - 105)9 100 - 400m A% (A), TL2Y
Y (A= - E9 45)9) 100 - 400m 34 B) & 4= 2
FHd ME FL.HEY ¥3E A9 HolA g A P 1000m o3
T49 dF (O I 2§22 YA Z a2Fd FAz Qate)
< e BAE AMEY g 2o (2Y 42).

(A) Si(OH)4 = 16.7 PO - 4.18 (r = 0.99)
(B) Si(OH)s = 10.7 PO - 4.18 (r = 0.82)
(C) Si(OH)4 = 66.7 PO - 1219 (r = 0.85)

ASI/APO4 H]E&L B < A KC 9 €424 1000m ©)3te] $49]

7 23E sede ¥ £ I3 AE 22 P 100 - 400m 9 st
7V dve A& ¢ 5 Uk

~113—



160 5
(o]
140- Si(OH)4 = 66.7P04 - 121.9 O
(o)
r=0.85
1204 ( )
S 1004
=)
< J
= 80
Q_, (o]
® 60 C
40+ B
20- < Si(OH)4 = 16.7P04 - 4.2 (r=0.99)
Si(OH)4 = 10.7P04 - 1.1 (r=0.82)
O 1 1 L

0O 05 1 15 2 25 3 35 4

PO4 (uM)

4.5

Figure 42. Scatter diagram of silicate versus phosphate. The symbols of

+, * and o represent group A, B, and C, respectively.
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A6Ad Hxo 354 A& 4adA

JAEAL FUEAE we 4/ FAHER Yok ZF JEd A
FHAZ ZAEAD (2 Y 43). £EAL%Y FANA §EALE FaTL
0y 27 H2eA EAsIE Axrt ¥ BFoA &FJAL §Fol M =
o AEFFc A4V F8E 92534 (Antarctic Intermediate Water) <)
AL we Aoz AS . ol 19929 1299 #EHAHAE Y3
(B3 FA T4, 1993). FAle]lL, QQite]e I FATe BA G4 AEr}
ge EZAME olF FULEY FEI AFE Y1 A FUHge o
2} o] FI9YLEE A F718tY £EAA Fadt EASE o 27
HIZoA A Fxghg B 49 € 0, 255 7HAE XS
et vlzy gostA F71siAE o 255 RHE AFFFFHoz FFH3I

Z7}3ic},
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Figure 43. Scatter diagram of a) dissolved oxygen, b) nitrate, c)

phosphate, d) silicate versus sigma-t for all data.
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A 74 AOU 9 F719%F4a] #A

FR7] AL (AOU)S dE7e FAZEE GEo] ¥ XFdA

= AOUZE 0ol 2438 U HE©] 346 % F2A AOUZ HUE 2o
F3 Ao (TY 44). ©1383 AOUS GE7e] A= F-GERA o)
AL BElE Eolx th. a8y 1000m °l3te] F4dAEs AOU-9
o BAZ #2-9E9 FAROT FH ALF FAE Holx Q1o o]
TAZ ¥H E U2 JEE 48 & gled@ AZd. 2EI) AL
3 FNGELES] BAe oM B Tr19%c: FEY BANMY
Zo] 500mE ZAAZ3IY F9 o] FAHELE BAFET 1992d 12€9)
3¢t PIR7EA R 500m Bth RE AFFolAe AOUSH 7|9 44EH
o A= A4BBAVE Woh AOUS 71944 Auddes oo 2o

Total ; NO;” = 0.13 AOU - 0.80 (r=0.96) (2 ¥ 45a)

depth <500m ; PO = 0.0099 AOU + 0.071 (¥ 45b)

Preformed PO = 0.0078 AOU - 0.0239% (r=0.82) (2% 45c)

Si(OH)s = 0.14 AOU - 0.0002 (r=0.90) (2¥ 45d)

-{o

HE

|

Z ANO3/AAOU £ 013, APO4/AAOUE 001, ASI/AAOUE
0.142 A4 Redfield ¥] &% ANO3/AAOU = 0.1163, APO4/AAOU = 0.007
Bt ot o] 2 1989d Wen 59 93 € ANO3/AAOU = 0.15,
APO4/AAOU = 001 9+ fAMS 3H& BATh
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Figure 44. Scatter diagram of AOU versus salinity. Closed symbols

represent the data shallower than 500m. Open symbols
represents the data deeper than 500m.
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Figure 45. Scatter diagram of a) nitrate, b) phosphate, c) preformed
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data deeper than 500m.
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A 4 F Az ALY
A1d AL

HELS €50l dojvte HGge A YN YL nj$ e W
ol A gt tiofo] AF EHHS o 70%7tA AAsEz A AFLH FR
AL A ZA S ¥ FL 10~40%0) ol2& RAog FAHAGD. olF
F AL 7HAE EAN L dA2E0 U HYE RN, F HEE
FIE] Aato]l JtAE JEd uid BZAAMeg o]ojzt (Sheldon,
1984).

Bg4dde 49492 AA, ZAMAY A% AL e Al-F3
2 A%, A4, AFH A PHA YC Hol HAE destA Agexs
€ 7 vk G AL A AEEFIAEN 93 olFolA )
AEEFIEY A-FWFH WolAL AutzAz ¥5EY £ Ue HAHL
2L EFEsIH <d EAe SNLAYAIE FHAT HA0] 753
T} (Platt and Sathyendranath, 1988). 3|X1 g7 A2 HZ (2F454=
BZFPARY 90%7F £&F=HE £4)9 AEEFIE H42F 99 FHo 7}
SRR AFTAY ARAAM dAANFL FHEI AdME YaFAA
AAAH-E F357] A% 2do] ¥asy <3 mde PAR, a, 89
2L FFA FAY uAHSE waz 3 T3 2447 D FFA
FAsA Foi2 A 35 HYFe] HERY, FEF I B
d BEx PasiA €.

ofe

B
X o
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A dYgddes F73, == ALAHAY AF =4 JAUYS
(DCM: Deep Chlorophyll Maximum)©] WEh}=6]l (Shulenberger, 1978 ;
Shulenberger and Reid, 1981), ©]&2& ti/l AFAAY AA 9 A Zo]
B} ojgd] AR o= Fxe XAE f% A & Ut QUM
ddl MelBYF NG A AAHFE ST 2447 wjFE T &
ZEFEE ANES &YRYAE L FHSN .

A 2d HEITFAEY dEFH AR TH Y

g =AM 2¥ElEo] FAE AFPLE o8t EFIAFE A

08 ZTol&d tg SBE25 CTD (Seabird electronics Co)& °©]8-3t4
%7 128% 51%, B9 ME 31¥4AN RH FF 137%, 59 10= 7HA
(29 46) A&Ho 2 £L, AEE, ¥3E FHsUeH 4 A FHAA
300m 7+A1¢] ¥Fe FASHUTL. 5¢ Niskin 4 EZ2E Rosettedl] F231S
0, 10, 20, 30, 50, 75, 100, 200m <] 3FE A3 ©olF 14 9 HFE
GF/F (Whatman Co.) BHEZ AE o& 2 0% otHE &Y F7°]
4N TEL 24 F o §99] FFE gEL EFEEY (Sigma Co)
o2 XBAHYE Tumer model 10 fluorometer & FA 3} Stricland and
Parsons (1972) ¢ }i-& wel §E4F=E2 vF AL o|FA AL 4
E4 € o]83lo SBE25 CTDol A# Seatech fluorometer2 F3€ &
Fexote AN wiARsTE FIAS £ A e T 1LE 14
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E2]odd Wl &4 Lugol's solution®2 1At AEEFIAE ARE
HERS ™ }F o S-R counting chamberZ A EAME & A$34ch

A3} ALY Fge Mowe st ¥F A, B, C, 56 8 14 (2
H ADAA el £ olmd R EFHFE A F£R9 .=
E BEF3TET 2E A AASAT. ARA 2A AFrlE o8-8
o AJEE AMHAZ ¥ Parsons et al (1984)9] Wil wel sAj+E AIEE
250m¢  polycarbonate bottle (Nalgen)sl W3 10z Ci/m¢ ¥C
sodium-bicarbonate (Amersham InC.)& 2 €719 2m¥ 7% F A4
ol A gttt

HFS BH 63 14914 <f 317 a8x A A, B, C, 5, 8914 12
AIZE 3 24X B4 AAEET BH 6& B9 100m, B 4= ¥
z249 Bme M 2 Urx FHESEL 242 wYsgo
Perforated nikel screen &2 Y& A A|A 7] 2 F=2A (YAHE
] 100%, 50%, 30%, 14.5%, 9%, 35%, 1%)& HEAL ¢H-L v FE7d
ZA HUAE AL T og I Hdd A F4 HolZ g ol W ERE
¢33 A AFT P-1 BAE A A% oSS A 63 14004 A
AIBIRE U] APEAA Ad AALF &) wide s wigste
¢ BFA =E@sle F FFLS AAYA quantumm meter (Li-COR
LI-1000)E auto logging AHZ ZF3le FAHSYon FZoAe W &
JAleE SBE25 CTDOl ¥ PAR sensorg °]83l9 Zk 44 &
A FFoz A
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Figure 46. Continual observation area of temperature, salinity and
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kA7l A|EEL Whatman GF/FE2 SFHAIZ tg WF Ea3H3
. ¥EE ANEES A¥gdE uEo gAAgdez S (acid
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ABEZIEN 1Y “CY WAHsE AU

A3Ad ddAEFFe] A3
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A5 A4S 0% HELR F239 PFFAHAWHeE BT H54
EEE Oy 487 o] ¥ ATTA (P=090, n=41)F Rt} CTDZ &
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Figure 49. Horizontal variation of temperature, salinity and chlorophyll at

sea surface. These data are measured to interval of 10 minutes.
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Seg-3 (1.0~0.23 18/ 2)& 7ZAZE Seg-49lA Seg-15 7HA ez #s
g 484 5t #astd dig 01w/t ©l3e ¥e gES EAT F
&2 2 FFE AL FUHste B9 22% o|3} (Seg-8)9lA 28T o] %
& #A8 B9 15% 302 o3 (Seg-12MARH 29~30C &
Atk 4EEE UrldFEY 9FL ¥ Seg-191A 33.8~34.0% & FA
3lth7l Seg-2 dlA 335% 7HA #AseH ole UYAAFe FFE ol
A2 Aer AT F2AL dFAY FFE We Seg-4 FH d¥
& 7187 AFsle g B9 175 (Seg-109] A3 #£)71A 34.2~
34.4% AtolE fASTIE 2 olF FE 34.0% °lstE L sten HS
155 30% (Seg-12) o3} ¥¥ |&4AZ9] opx% 71X (Seg-15 74 137
=, B9 10%) & 335%9 &€& A

2 8}

FHE 484 FEY F£4d =2 WIS 1Y 500 A
300m A2E WF 92 FEE 0062 (BF 3~0112/¢ (BAH D9
Holz 19929 1299 2A B00m A3H9 FFEE 0.054~0.09%m/ ¢ :
FTHFATL, 1993) W Bk 7 £& e HAT Fs29 £AR
T A% tREE ZALFHO AH F2YFol e AFHEEL AUF
(DCM)el YJEltt (2 50). DCMY F4 (354 s=7F AU 4D
2 AFF 58 AT Urix HFENA e 60~80m Atelel vEMstLeH
3 954 wx9 108 o7tA o2tk F7 137, £9 10=9A4
Axo) o2t FE WYY FFHALE Tt AHE HEL T2 G
A(2Y 51)& 29 19929 1299 DI vxd A4S Holx A
2k 60~80m Alelel $1x13 DCM 2ol 59 6 (B3 HE FAHLE 39
FEEE A% Bolx gtk DCM3FY 54 =€ 54 102 (BF
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DAA 7= (BH 92 Z5EF Fasgen B9 4= 3308 (BH DA
A & Bol 59 4% (FF 8) dA Ax (B 16) 71AE ¥|£3
FEE FASIAUT. 1992d 12¥€9 3¢ Adie) DCML FH 29 A 9,
10914 Jelstenz 496 DCMY o] BA4F Aoz B,

54 2% 7 13704 4% 300m7tR e 42 thsted 19949
49302 23 94 ¥H 59 1Y 24 54 7R 4A1% FLe 8L ¥
T ¥e #E3HTh Aol @& DCMZY 984 B5E 03~04m/
29 HHE ¥oE WUIE HolA }AT DCMZFL s EFFol 713 %
A 13419 o 75m F2o ARE ATkt AR FA AEET] Al
et} A 1AllE 60mel YAE ST P 15me] WIE BRI
(29 52).

B3 6% 149149 WiFZAE Evz § F=d S FPAAS W
3= a9 537 2ok AAE A4 (productivity index)= 1.0~>11.0 oI}
B3R 60 B, A oh BAH 14 2o =%tk BH 69 AS Mg
T F FFo] Lol EESIA Rt BEF A B Yl ME ZIHPL
E & ey 100m A& wWFAME E3F=7l diF 90~130 2 E/m%/s
ol AAH 149 AE$ EF AE wjY¥e ¥3 FEE 1,100~1,3004
E/m’/s2 ¥< Fxd HLEHo AUtk 5m A& RN T3Pt
370~460 1 E/m*/s2 UEhRth B4 69 100m A&7t B3 149 70m A&
B ¥33=rt W4 gty A AeE o 52 AY AAFes
A3 69 AN A7t o L ol{FE WY A & HHY HNEEY
& F 24T BASA EA40] Holof & AHojrt
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Table 2. primary productivity with 12hr. and
24hr. incubation at each stations.

Station mg C/m3/12hr. mg C/m3/24hr.
A 2.33 0.63
B 1.88 1.34
C 1.88 181
5 5.42 4.35
8 0.94 0.65

12212t 24712 wige] A FE2EA 498 4L Bo X
&9ttt (& 2). Eppely and Sharp (1975)< AX el s PolA 47%<]
d3EFE B3 st eyt & ZAMAE 3~72%9] & dAE Bt F
S Q) e AEH 19.7%, 28.7%, 30.8%2 H|ZH Fe gL BYou
HjFAE Y EAlel o3 AAF exd JtsAE wiAl & 4 fith PARS
AF7] Wste 29 549 2ol o] AP Uy Wste Aste 9Yztel &
A £3¥ 9 PARY ¥9= € ¢ 244 (R 3)
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Figure 54. Diurnal variation of PAR (E/m?) during cruise periods.
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Table3. Light intensity of sea surface

Date Light Intensity (E/m2)
4/21 20.99
4/22 53.48
4/23 58.10
4/24 50.87
4/25 56.76
4/27 2854
4/28 36.78
4/30 30.75
Mean 41.63
A 448 31F

T4 Ut (central gyre)S Y¥Y EHAH 41%E A} 43

Ao thE ARE Hon old @ iyl 100~200 mgC m?d’'e]

£ 7}2tt (Marra and Heinemann, 1987). DCM< A 53 Ao 9

T AFY (EF FF 1% $4) Bk Y o) o= 4o &AL
g& 7IAE A2z B3 =AY (Anderson, 1969; Kieffer et al., 1976).

°lF ZAlA DCM9 TAAAYNHL E71F FA 15~30%71A

= Aoz FAHHUD. HEE old 3 EJ|F N IAAAAE A

29 AY3< FAsrI= Pk

AAF A4 (productivity index)= 1.091A 11.0 ©l3}e Y& HHES
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RAT BEEee 39 Bl 2AY 63d~85HTe] AR WA
£ o5 ok

o] AL AT AIAE TE A AT A wasirledle A8 7}
A 2Apae] AUk ol 23 a0L ol 2oy 7] RAM] FE
3 HE, wrgd=olof ¥ Aotk ©4AE3 wMYE A% AEE AFY o
2AY (Fitzwater et el, 1982)& 2 gt olol 2% oxe= 8344
stk mrebA o] ALY At HAXY F U

A 69 WYAYL 49 27d 2F 24] 30¥4A 541 30%7HA F 3
A A4 HAoem FH 149 wiFAFELS 49 299 A 114] 30 ~2F
241 30274 Wi gFSAT. BE 69 APl AAHE Bt FEE O E
goll ¥l3 ulg- Wgten (& 3) WAL BT FTt FAsE oF =4
olFONMA EF AR wiFdA F TIHL E £ AJTh AAFHo=
e FxoA wigd AR 69 AN At B 4EG © A JE
Wttt Malone (1971)¢] &35 dulgolMde AT 2F9 @A F3Eo]
e A2z eyt EFIEY &FIEL ¥ W =ReH,
nannoplankton®] F31&& FUgel A TolMe A AFHA &
%E& W 2F4 o =3tk

T O eae ¢3FY FHol Mg & WA 3~72%)E Eite
Foltt. duiA] 559 AHAA F3E FRY FFFH EF= SRR
Yolgta & 4 Utk o] i} dEFe FFHo] WARFIH 24X i gS 3l
of3tt}. Eppley and Sharp (1975)°] W2 A BB Y FIUdEedAAE &
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A 5 F COARE-EQ3 A& ZA}

A14d A8

Ao ANEIB Y A4-E4HE 2AHE TOGA-COARES] EQ-3 33
7b 1992 44 119%E 59 129714 ¥4 137 - ¥73 165%, B9 8%
- F9l 8= o2& AZE FALE T HYAA AAHUD. o F=
Stobolthdt Adre] AFFAMY MOANA WAVEZ(LB00EF)SE o] Fof
Ao, 7L 3tgeliidt 4%, PMEL 4%, Aol 29, a3 $-2iva
A 2822 F 1290 Fistdied datdAMe Aedistne 74
dFaddA 4z 194 Frtsisch

#EWLo2E 3970 HAHAM CTDEZo] AAst FHT &3
Fole AR F2E ADCPst 7ISEYE o438ty sifR=ES 714A
5 Y539tk orge, ATLASHo|E €93t TOGA-TAO9 4o
2 12709 BFNA ATLASH ol 34, Adx £ 487l COARE EQ-3
o)A o]FojFT} (1Y 55).
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A 238 ATLAS} |

713w 24 #Ee 23 Je dd By S] @729 236
Fe dFA Hu AZSA a2z AAZHE /Sy Hgd
ATLAS(Autonomous Temperature Line Acquisition System)¥-ol7} »]=
PMEL®] Hayes®tAtel 213 mt=lo] 278 A HANA (59 2%, A7 108%
o 39l 2%, A% 110%) 1984del A 4AHUT (McPhaden, 1993).
ATLAS}ole] =& 19 567 2on #FE £, v, €5, 25%
59 RE AEE ARGOSHAE F3td HAALez AFE

njzZg F2oz QE, =g O, ¥F Fol FYde IA A7
Z23¥%Q TOGA-TAOE 199493 &wt717hA & 67708 ATLAS Fol&
Y 578 Ze] AXste Al HBEYE AU|HeL A&FHoE ASFIE
2 AYstn Yok olRL AUEHF Y A HAoAM A= 0%, A= 3=T
Hel BEA2YE TASA "t Hole 1dd 3 WA AHr|HoR 35
o] 7]17) B4 BAL & H o A8k 199498 59 A 6374 ¥
ol7} AL o] FolA 19948 AA e FF 137 =L
mal 29 259 B9 5o Rolg 935 glon, 1994 Ftrldl=
29 8xd 2712 AXF dF etk TOGA-TAOE FUHEIBFE ALH
oz ZHAEteol e FAL BHrhdol 1994302 migstE TOGAAH
olZ o= X4E Aot} (National Research Council, 1994).
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Figure 56. Schematic diagram of ATLAS buoy after Hayes et al.(1991)
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A 34 CTD #5247

EE BAAHNAM BFE A5 F2-9F YPEAH 8)< o Y

o ERsts 2 /Y S F BAFa ok F 29T EF 59 dEL

A wat oF 335%°04 35.0%7tA & ¥W3E EAo 355%°18e 1

FE FiFdA Jddte GHHFEdF(SPTW:  South Pacific

Tropical Water)2 AZdch §EY49 EAME Holes FFFE F23

dEol 4z ¢ 5T, 345%°Ict. 2 ol e AFe= 2 & 14T, 9%
°F 34.7%° §4& Z=th

#2E o Y 2 F 39 8EolA B9 %A BFo| o]F]
A gEoz J14 21 5o FAHE 574 166% #FEUE Hilo FL
dE J83 ADCP B2Z3E Ayttt A F4Zd AX Futge £
2o] Bwtprn o Eoh(2E 59). E¥(2¥ 60)2 20 vld o 533
EXE 3 §32 29 25%H B9 3=71A FzRIE AYslns
345%°015+ AEF7E SATor SibF GEol Buke RO JA
Hog gon 1A nPFE 29 659 F£4 150mE2oNA EAHE &
36.0%91 <ol
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Figure 58. T-S diagram for all CTD data taken during COARE-EQ3
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A 44 ADCP #3437

3d 612 4 75m%H 125m7tA 9] ADCPREZAN}E FTRHHLER
BEg grolth, AR B9 5 B9 10-40 c/secd] BFHE
Zt Z2W3F(Cromwell Current/ Equatorial Undercurrent)$} HEYHF
(Equatorial Countercurrent)® AZE® g9 2% o|gd9] 10-20 cm/secs]
AgHe G =3 F(South Equatorial Current)® AZdEd. B3 EHHF
(North Equatorial Current)t £ 7% o|&82] 3 ANFF= EA 358
2tal AzkEn
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Figure 61. Averaged Current from 75m to 125m depth along 165°E
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site2 #8] INTERNETE T3 <& & Ut £ dFdA4E 99 FTP
site2 58 57 180 MZo] 9433 ATLASH oA #AZH F4E &
A8 E ol F3A.

AR712k0] Mg LEE B3 165659 73$ 19859 % E FEZEL A4
AL UrA dREY B FT 2-33ARH B2 AN @
A 19943 59 31Y47HA9 AE7E SRE Aoy olA7] ez ARE
ol Ao & Role] BH Zolo @E AFY EFA R FE220 st
At EFHE 500m7tR] AXE 13~1709) FLAM0 o8] o] A4
2 ot

A 248 983 Hd=

qEE AEE T3] siAMe AA £ 98, FgozBE 44
H Al A WX}(specific volume anomaly)& A4sledol 3t} @)} Eo)
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71 A8 A F23 AFE HX BAE dolok I M=
COARE EQ-3914 43 ¥ CTDAEE UNESCO Z#EE °|&3lyq 73
AHH B}t 279 BAE TS 2 2R F23 Ay WAL A
ol 7171 HlEABAE MRS & F AR (TH 62). 2L F29 d3f o
gl il AMAY BARZE PR e ArAME o5& BEE ;L ol &3}
Aotk ol2F FAE o€ Folo FLARRRE AHY] UAE T3
Ak oA AAE MAHE] BA= LS ¥l AHA dgenz I
ol A% eavt A& & Atk Fe2e AFAME AR FLFHeE
H B 72 4% A8RE FEIHY, 23 A¥y #AY BAE TR
22X ol2F eAE 9 UE F U ALz JdEn.

Y 632 FoloA dojd (R E vz AAZHez =U}3E
PMELY 4AZEgol2 B4E Belth $AUerl $938E 573 1372 4
9o 2709l Rololq dolR AEE ol83to] 1993d 5URE 19949 19 (2
3l 5% Fol)it 39 (RS 25 Ho)7A Azl @E iy, A9H Ax I
AT 00m7AA S FLHHE Ushin Aok uiEe A$ A 2R
2Hoz A& A2 olrt wl FArh 44 50m we] AL A
o8 BS 559 £20] £1 1 ol FANME B 259 $20] ¥
o B 559 A% tREe J%F¢ £4 o 10m F2¢| 8C/50me
FAuGee BE Fookzo] ZAEY Wi B9 2xdME o2
o] E3istx| 94t}. 19939 59T 689 A4E Feofzo] G H9) 2
£¢} M4 F2E zHer) 19049 1960 T olgh ¥]&E T2E Boly)
AZsied 2 olFE A7 Aol olaF dae] F71AHA AU U
Ae o g8e #2Ass WIdE Aolnt B9 259 B¢ g%y H=v}
oF 120cmol Al 140cm7t A9 #W3E Holn B9 559 3$ 59 2 B
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o} 20cm W& 100cmelA 120cme] W3E Btk 247 BL 19934 5
47 6¥99E 120cme & VERR o] HFURY F27XE ZF E
3o

aY 645 7 16658 met &9 5xelA 59 8=7HA 43 4
T AzhE WE Jerdth 39 554 M B3 B9 8xdA 73
gom AMAoZ @&Eo| HZo u|3 2ot G5 Zelrt E I} F2
2 Uyo] B 4 gEdl 1990, 1991, 19943 FEIe zolrt Ao
50cm olAte 2 ul$ =v 1987, 1992, 19933& 1 x}o|7} Al 20cm °l 3
2 w$ Fo}h FE7e Folrt AL Alvle I¥ 6694 EA 2 dx
712k 413 Y 65 ol AEBE olfdte FI 2HEHo|T F
ToA oF 5085 75¢4l peak’t Eol® 509 F7]9] peaks Z7)9 Ao
T Jey dEE FFAHAA veidth A Hez B w, dFoR
+& 109 °l3 &L F719 AuA7} Ak o]Fel e AAE 24 ¥
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Figure 62. Relationship between temperature and specific volume

anomaly
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Figure 63a. Time series of the wind, dynamic height and subsurface
temperature obtained from Korean buoy at 137° E, 2° N.
Contour interval for ocean temperature is 2T
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Figure 63b. Time series of the wind, dynamic height and subsurface

temperature obtained from Korean buoy at 137° E, 5° N.

Contour interval for ocean temperature is 2T
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W] vt B340 A% d HAS Jehdoh 1980dd 9y
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A7TF F7MGFEAFAF A4
A 1A A3} (Globalization) 542 AA

3 Sde2 QAHAE F3Fe =e 19908t o nF o
AN $A8 FUIR 4£¥E FAY IR FEEL F4£3] BIHHA
th. EU, NAFTA, ASEAN 22 HEHE AEEE FAHolR] A5
A AA7E & Wolglg2 AAste AAE 449 URES AZ& GR,
TR S22 AEFA BHEHL JE IFA AXME T3l JJAEY P33
AgAd Aol

i)

ZAAE BE AL A7) dE § ey, war-game® 43}
A ste Aoz QA w1 £4¢ A AYSAD. Jlesde
slgog gH FEI BE & H9Y Aotk o|AL BE RopA
Ao A Yzt oA v RAske AT Yok s

AFFF9 AdelA AFgFdse] AAZ FFoz dAsHE =
g2 AFAE AlololA 3Gl == g2 o BT ALE RAojn).
a3, #Q oA FAe) f&71? A a8 suEE, Jled FR
7t Aujste uds F7 HFA7P? UER Ahuke] AYee A& o3
7t 91& Aot

79 1189 238 RAfIEL VASEAE 2As= A7t 2
Aolth. Z4r 7ML AR B GL wietgez f Folu AR F
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T A FIE 49 "HEAIF. 8 Y5 #E Holoh HIH
Be] tige] He ugtEL 99 FEQC ARFEA &3l A F
3], AFHAALZALE §3t FooA HYPRE BAHLE FRI}F = A
7k =3 ska o

e 59 102 9 10=0 A g 722 QUi Y
€ A&Fo g #E3A vt dELS MEYBEYH FA=FE 3= A
HE AYe A&FHez AA e AHLT HIT LTSS, 1089
23 H8o] =FAE 2A5YAL L Pt o] BE AL FAL Inigte
7} dez dAsEE HE AU APECHEO W3t MeBFS
TR Aoz FAaF dgulg et oy MEYBHGE nL™UI] dE
oy mFqA HolE & A F271?

A2d AFFPARY} FARZAA

GRZ UFEHE IARZAME AFEZY BAFY A&7t A
& AAZ st gich. a2¥d, GRY B3& AF7F 1=AGA AR F78)
E BFAA ol ei T 2AHARIIAE Ao G st A7
75371 917) g &) ol R FAsEE Aelth

]

IPCCRIA(1990)1 oJ3td dALe 2 2H4AAVA L& A&
739, 1084 0359 714, 21471 s 354U F7ksHAl =1 oldl o
2t side 2030873 FAET BHE 20em FE, 21471 elE 65cmel
U AssiAl €obn Fastn ok 2y @AY drle sHoRE H

—177—



F7129 sl B3 dAAHYA AE A5 s # AFUIFHse 4
Aol BfM<= oFF H&3 FHEHA X3 Ao

Azte] Bt 2AAAVIAE 2 T AHd Sul2 A 9F 7)F
A3E ob7A7le Aol otdel, AFALE oA A7} Welgole &
A FRAE A& F7HA717) W AXFHA 71FEAZ dFH=
Roltk. AFA2dolA (FEHE 2/3 o]3& AL e Gl AT
o] NFAE Yodled F4F 4L & Aol Hele 49 A
7t flok. #gel A7 JFFAY R ¥ge] 9FE F= FAAF L olAEA
of 3t FA8% olfre °lgd oldE ugez A dAXE JtEd A
°o]7] W Eoltt.

A3d AF@RAS} A7 A TF

B AdddE A AFFERZ dFste e B2 JEVS 4
% AFuprt as snz ¥ Irte dF5de FAE ¥ Aok g
A @z UN, UNESCO, ICSU 4t3te] o7 #Haad A 7g7dd
3} WA AFedsle] BdE B OF Z2ao] 2= &3] HA
Hi Atk TFL FET FL2 vFRA AL FE2 FAHAL &
T Z23Y FAA4 F48 AL AWEYE 0L 2o,

fac)

A A 71371 F(WMO) 8t A 3 A "3 o] AR (ICSUY7E T8z F
e AAZIFATZZIRWCRP)L AT 71F ¥4 % 8% 898 &
T3t d2se FARYE JLstn 9tk UNESCO Abshe] Ay zHs| o
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AL I0C)7E FHde AA Y ded 43 T2 IJ(WOCE)>
A o AF2d3te] BAE A7ste Aok dul B FelA 3-7
9 Fr12 qAsE AY-r] dEFE0] M FRE AU 94
Ho g ¥ £2F% "AFFEY d.clgnE € F Utk drls %
FEHEE o3ste 2EPLR o] AU 2HE ¥FT AUHY
T AFWIIAN T FEAEE AT QUHAE-ATHII(TOGA)
Zzae] ot

a8y, AT Z1FEFS AEHH HIWHdA FE AFEe
ICSUY F8 Z2I33F9 3 A AF-4ER A7IGBP)7t HZd
AlZtE T Qo £33 ICSU Abste] sl ¢33t 3 (SCOR) 4 =29
A A AFEAFALATJGOFS)7E JdeH JGOFSE 2A F 7KE &
E2 313 . ARE sFelA g9 a9 dddE AEVIY EFE
AlZtell mat Wate EdolF(flux) AL dFstn =3 EAolFo] ti7],
HEFAF R HA Zzre] FA—AA deivd B dojverte FAs
RAoltt, ERE AFA ARRFTY ¥ 2= 71F A3l W
3

3 s AA3RY (AL A F3= R IHHIGBP, 1990).

A4A NARFE A7 2943 A5A] =7

ZP oA fvE Botydk AT o2 AFAA o 71F7H W
WA SAHT glon FAFHZ old I HAHo] TxHI YU} oY
& old ZIFE AR AHLE IR A & FS UAA HedH old o
T AR AFL I7HH ALAA g T2 ot e o) 7]
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F2 WAASNE 2 9A6] $AYeel JAx Aol opush, AT AF
A2de Wl AT ¥ B gF fAqelel 2¥A Uehia 3
£ A stetel AATHLZ oHAES HAIadob FL Pttt

sFel AT F1FYA 2 Al Y& FE APL A P2

F2Et 2A, Aol s A7 LUEHINE RS F7, EA,

AT Uo7t @, $57), LFRE aBE B3, AR, A%l RN
3 9¢ 3¢V WRTFOE 4359 AYsE FHolh

AFF 7zt oligA: nPL HEY AIHE  (feedback
interaction)ll 93t FHZEHE ol1FA ot o] W & o|FFL W]
9 oliga EUdF Y BFF BIEAHA Aold o F=2 Z
BEM old ma} A7 JPYLEr FFE A ok AT J1FH
Stoll ME 71 A G N2E Yol oA E 7% AR 2 Y
A 3oz GHA Ut ot Ex: o]9e 2HAFANAY oA ALE
F2 HY22HE Y2 HEEY =3 YN FA4F d¥L de
FAELE JHAE AMEAl TS FE Adstae AW o] HYEL
25H wE¥Y (SCOR, 1990). 22}, L A dAg= g8 (&3
22 ZAABESFIZE g oH Y RAEIF FAHEH YARS HEAR ]
&5 ARAF 242779 FAE doste 718FA Y¥H EIH5s
A SRR ALAY AGBSFLS B4 Foln AFT Yolth

Hge 3714, L BANeE AT /FAY $58 2 7|

T 23 Yo AGed FHE FAUAE AG FE3FS AFF FA
d £AHo u AFFERTGE AFFe 4 AUA AFFe] 2m=2 AR
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Z1FRg g HF LS GHA FFEAE BUHY ¥l ©
g, AFY FFTd FHE QoviAE F£4 99 AR FEE AT 7
Fglo e F9, AA AYY F 80%9 FAE AAGL A= HF
9 dellvAls ¥ d olde AVH AL FEE § W J|FEs] g

¥ %L mAY. wpo] FEHE FUIY AT JIFHEgE devAE F
F Bviste e dogd 2A 4%e 21 e Rold.

A Fo dAvAE FFEE Y BAFFC] Ak wa g2A F
ol XA thrl7h F4T FEL tir]e @2 AAF ARuEHL Y
of 43 FEL g JTE A= AFY JNF A2 A3
T Yok BE, s A gol o] 71F ALAEAAN FEAEE st Q=
g tirls 4% #E2A A7 g = ¥ ¥ JHE o
i 3t

At Meime] B sAFLo] ¢ ¥L 39L& Warm-Poolol 2
3 B2Ed o] Warm-Poold di%ko] thrlo) g oluvixE FF st
e 9L st Uty 67). &, o] Warm-Poole]l AR T2 71F A

C29¢ $Fole Wyl degs) 499¥e ¥ Warm-Pools] Zanhd

HEA, AXF22 Y AU QoM WFAGe] AT JNF ALde
o] e & o ol 71FE oldsty] A3t g HEe] my
83
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Figure 67. Horizantal distribution of the mean sea surface temperature of
the world ocean.(upper). Schematic diagram of the energy
tranfer processes with the atmosphere at warm-pool area of the

Western Pacific(lower).
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Warm-Pool# #&d3e AUn@ddL fgolA 3-7d F712 24
T AE-t7] BEFE M FRE Aoz o ARH AXHA &
on AQHe2E AdUnALT Futete LAstE ol JIFsE 4y ¢
HA Uk AL JH Aoz WA, Warm-Pool# HEo dU=BFL
AF71FRE FHEY) fAst AAEE o 25T "AFFEY A
Hoolgha & £ Qo 71Xz AY9S F BASAoF F& ZAHE 4L
T AL AojolM FAHSE MHBEFE FrIHez BFE TOGAAY
< 1980t FHEE AR 4FAHA FAYPHE o7 yth 2™
H $+ueks FAE Agd AAstd gltta o] sy EAE ¢
9 EAZ QYA R, AL FYH Ao o AFE T
TAC 29 FFE FEINL Joem E T ool ste ] &
A& vl27 PolsolA RF Aot

A 10d Foll TOGAE +A3IAA, 3id L oo AsAd A}
E FHoE AUHBY Qe 4T AYBFHole AUl AN BF
(real~time long range monitoring)< 7}&3HA 3ttt o] #Ewke] {84
L AFEE Al A FAE o2 e sy
o] #F%L TOGAZ} FEEHE AlHd GOOS ¥ CLIVAR T2 F
2 Aoy, =g T2 o3 MFE AF|HITPO, 1993a). =
 ARE 2P MYt dAGAN AUty JdE H7EE B
$71°1HITPO, 1993b). BA3] |EIBF=7HY] ddLez2A SPudde o]
z2ad FHF Fodtodol & AJH, 7/MAHYL I7HH 7IdE IAA
o 98 ¢Eln AEAHQ FAE 95 IS BFAY.Y F£Hel
L3}
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As5A HFAAF] AHPEF A5 AY

1. "=

O AR YL ALz FAY oz "AUHBY HY
-th7] BEFYARUTAO)NA sFaSHogE AAtezs 43tn
t} 29 680 EAIR ulg} Zo], H4 10=0A &9 10%] o2& A
Bgoke Jl2dy SYBSRolsl A==, 1992d 11€99 597 A
19939 10¥9E 65702 EBTITPO, 1993b). sFEZHole AT f
Av] & 59kga ol

o] TAOAII S ul=9] Fx3le] o]FoA 1 e, 71EFHLE Y¥
37t 7Hed FAMA O] ATt 270 ol FHEH Ok & HFBFFo| 1
i3 A7l 59EE s Basit dFFHe g, nF2 UL F
Zol gL nF 222 APy, YRAEHZAL MZ HIL & IFUHE
o] B3ty Fr18 Fwata Qo 19933 IJAYEY AS, F-FH B
F P APl F 21199 NOAA ZAMIE FE8y mF 2282 F
Pt AP gl Ao FPol, Hawaiithdte] ZA "Moana Wave,
&7} 309, =g}~ IFREMERY XA Le Noroits &7} 156Y, Y&
JAMSTEC ZAMA "Kaiyo,7t 158 SLEAJATHATPO, 1993b). °] AFA=
Ho|] 29 F9dE 439 AL x7tdz 5XRFA /AL BFA
g FPsuA 2 dEEez gYsin ok

19943 3AQEd =, v NOAAE 4FHEZAN F&9 {99

8o 2399 7He] ZAMA ALEE dAs glen, 48 JAMSTECH
ZAFA fKaiyo,7t 599, Hawaiithdte] ZA "Moana Wave,7t 32, =
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Aot 3} A "Ocean Researcher 1,7} 302 F<¥E AFIHATPO,
1993b).

goz TAO HIFAZHol ARAPEL AFY AL EVIT
g, uslFel 200085 BAAo] NOAAE UAxHo #x zAMdez Jix
48 HAo glon 19953 FFF dAold. o] AL 'S, P
Hayes. 2 %2 dgoln ddeiBF F55 sde AFAIL £
Azt 230Y A= ¥E3HA "o

TAO BE&%Yo A Aol AEE ARGOS Al2¥7 TIROS-NF UF
A4e B8 Y FALE AY AATLE AFHIT Ut

b
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TAO Array
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Figure 68. TAO array.
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2. 94

AEL HYY A=Y L 2 F&HFAAY e 455
FHse AL VEEEE o B FPrieel FHdA FFHYe
AEHJAMSTEC)E ARAQr|ge 2 3= N2 "HIeFAY.E AE
FTHE 69). A7IEEE AFH2z Y37 Asde M%7 2
ARNMY &, F5R EF5F fluxE FA 3 HIE Ao] B3] F43T
22 HEE o] AYe AIGA ¥l8o] 285949 JE=HJAMSTEC,
1993).

YE ] HFBEAY, 0 ALY AFBEFHolE TAEE, ANES
o]l Aoz FA=HY e, 7IEs= TOGA-TAO #59, 7l U4F
A4 2 dF B B-58E Relw, GOOS T2 9 dge=
3" Aotk o] AYL FHsy] SistdE, AxvAlel, dHA, FFo}
Fr1Uelete] 71WE ZAH Yo g AydT. FEHL, HYE EFIAMY
A (vl 71L%) dF .5, 948, F Tol AAok . ARE GTS
2 53 AAZAHoz A$I, o] AYL B0EF A "Matsu, TE 1
WU ASAA $98 A, AGAE 200087t HFEFS5 o] 3574
Exz sz o AlIGAZE FESHE A, of AFRFHolY 44
g3 ABILE AA S, A2RAdAE HFBESE] F& F T0/47HA
drh

1T

o

=

iy

£33 A% %o TOGA-TAO IFBSY FXS s A 50U
ZAMA 9 A¥L ¥ 1087 ALsrIE FAsA. 1993ddE AL
A TKaiyo,ol 93l F e 2A7F AYSHAE HE, RAAE Yokosuka
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Figure 69. ENSO mooring array of the Japan.

—188—



3. 71

GOOS(HA Y #ZA|2%]; Global Ocean Observing System)<
A7 Z2aPoejgty] HuE, ddddN BFE ARE AHHFH FYL st
S ES I AR Aoz, tgd 571A 999 AR J|FE
Adth. &, (1) 71F, (2) Uy A72=E, 3) 4¢9 #UAE, (@) AF A
EAY, 6) 71 2 ¥y Mulx Fo] 2Rtk GOOSs WH ¥
AFFAE AU AL 2 GCOS(Global Climate Observing System)@} &
S AuEA It e vl o] dAE A FFo] JFo) nA= o4
FE T A 13071 fRFA FFEC] FAT A2x AAF
o2l AQtel wet FriFolw ALAHA FAH FFAFY AFT
Adyel 488 =4 F4€ 71Folth

GOOS ZzIadel FYRNEL, AYBZo] Bajrclsis Age A
R W 4P 9FL T den, FRSL SR o] 49
A5 B2 A29 3 A4 PR AR A PPste] AGHHL

A B

22 TOGA ZT2ae] dfea GOALSE BI$E AdS &
A712 gttt GOALSeY E8+ ten Zo (1) t7-3sF-&A dA
Alzde] AYE AF 2 48 ¥FE o33ty dF3r] 9o #F, V)
&, Yob7l 12931517 ot (2) AE 2 Az ¥Ee iy dRr7)
ol Bag #F A2"E Mdshy] Aotk 3) AATH 2ALRA
WA - F-%A A A2del dF, BF, A A2 HSPES LAY
7] $1gtelnt.
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ZAHo 2 TOGAY olF9 ZzaPgeg CLIVARZ HEE =4
AFZ2aYWE PASE o 2L By S8 3 Yok F, () A
%-th7]-§27F QAE coupled system®] AEFH WEAY, A AFYE
&L B39 Jlesta, (2) A7) e FARYE 2 #FA9 4
o3 dRFY Jdel 2 FEE Erh Q) AZRFY WY, &
olaist o&3le ol WAF FF AL AEYS € EAEE, #-
NAATF 2 5 2P ez, AL FHEsiey
o},

r
[
&
offt
o>
o

A6d s} rARIRSAY, 239

A =93 nig Zol, GRE AFRF L FU2 e F9All
o AFRHANA s Fol 2/3013E AAABL 3ol AFBFRZ A HY
o] H¥e] IABZ TP BAT AFRY ZA= HFATAA F
< & Atk AF@HAL el gFade g ide #4833 24
o ¥ olsfglels Erbsdtth dFATE AFATY ez 2FY ¢
ks Qo] 2AHA X3t FY3A X Ao

SEoA g2 BB Foltt. 2 MeHdoltt. MEBE APF
7I2E GBS ¥R AF NLTEFFTEAU, AgFez2 89 AR
A fAAst UG e FERE HA do] olvn. B MHHFY S5
AY(E 692 B ool FEHo|r|7HA] 3o A= FJL& 9
Sto] E{FFAITS RFREZA Rr=EA] Me]BG g JA&stjof Tt
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"FANFASAY, S YNNI 2 FIALT P ARF
Fo A4 Falel F7E A4 SEolE AR AN 75
A€ 9wA 8ot

1. N9 F THAFZALE AT dIFPA 75

"Il GBREAY, Y FE EHL A J)We] BEe] sHEEE o
g 2ot #4E £ 3= FTHAIRAE AT qFBLE FHFH2EN
AFE73WE At 714 J19E 92 FRFA A% a8ty IuE
S2E YIFITE AlFste o] 249

LELDEEFEIE LU DENE RIS P HEEERL
F& ZARS HES Wk 2Y 0 B A8 AT Uk o 2R
AANE F1EHoln B4HY P2V EPS 4713 AYA2E g2
§ul, 290l WA ATARIL HL-FAE W o] PAAYL LYo
R ZAA 299 wE Aulel Fgol Rslel ATAE 4 F9E
& gtk A= ool Mol A7Nle] ZAMAMEEE THSHE Yot
Seluel wel gtk AR oln ZAMEE oW dFe ¥ AT IIE
qoz wRstn glemz UYATst £44 FA5T Aok

ol2i3 "IN YBFA Y, L A&KFH2E FAFH o I AFET
e AZE2AGol & d~5 AdelEE 4B dFFAHE T3
A&Hez A8E FHE 9 2 7IAE HS 2uA 8o adste "I}
HFBSAY, L EFAHLE FAH o ste BH4E 22 Ao AY
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AAZELE FAGA ALt 933 FBLAE /A dgase 4
Alsta ledl FAALR A F7HY J15d] dAHT ok I T 9=
AHANLAR]E & F Ao $UdeE B Y F7EE Fud F2
Adejol gt sgaetzAle] Jluigle J1¥HYA AFolge HWH A ZFo
A
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Korean Ocean Observing Program
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Figure 70. Korean program for observing the Pacific.
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2. FAAA: FALAT 2P 9@

FAQT z2aPe] Qe FAFe =N eIt 7HEst &
2 71 Hell FAY FE =€ F en FA ez et Al

——

-

HgFol U ARFE €L F U IAET z2ad FA TOGA,

WOCE, JGOFS & WEZAoz & 4 gloy, dA AYFA GOOS%

CLIVAR/ GOALS7} ©d8 ZAQTF Z2aPoe g {43,

"7l HEA Y, 02 dYFALE FE5HA HY, J14H, FEF,
ZHFANZY, QU033 S TFAJTeA BELEEA Hx, dEgy
A7) FA3sA ok (2 g 71).

@ FusaaE ’ FERLLL @
AL ,
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37 qYPARs

ocE /\ G0OS
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Figure 71. Cooperating system of Korean program for observing the

Pacific.
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FAUt Br1Aoe NP ZABE GRRHE F25EA
FALT TP LHE Tl te Y BEABE FHE
gk 53 AUEEEE WS HFuSRolF 449 DA Sy
B 2AME FUSHE AL slgoldE IAZ ST Yow AAes
IS5 A2E YT + Uk WA o] AQe) BYUSE TALES Wge
"1%e] NOAA®| 23987 Hawaiith 8] 324, Qo] 599, teto] 30U=
2uztel 2oizk 38 4= JTHITPO, 1993b).
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A8 48 2 E9

AAARez AT A7 FAF AXNTNE =5 AFHAAY
9 FHE T Uk 53] A TOGA AFARIL 198530 A& o]
A AAARe2 B A7} o] WFAA o|folA itk A TOGA @
TARd ol ZEe FaAe uFo AFAA A JHHA FAE= @
AA T B ATFAE F3 7HEaA HA olsk o] ZAFHQ FR
ATARIY FAgoz N ety I F2L FH4NLD 5 Uk B A
TAIAIME FHAFZAIAYL LREAZE o] 83ld A: Fudz A
& TAst AAFH olgd FA TOGA AFAY 4 FHFAQ
TOGA COARE$ TOGA TAOYE 47989 FHodE 5144,

) AEHFY B4 137 FAEAL ot B9 105494 HAE73
1670 BHANA HIzALE AASY FA TOGA AFAG Ht@2s
€ v dyez AFsE 737 HAoh a3 19929 1293
19949 499] 23)e] A HAAF FEFY FABZo] O o|4 ALHA
Eota FEE FL, o] AL AVIE $Yve dIFdT BARE S
HE Aol HlFo] w]$ ol4l e Yolt

a7t 433z JAE 4y st gFdFe FPd

ZAVRel et} $slo] FA TOGA AFAIY & d¥e v
¥ B ool oY AEE We= = ATE WA £ 5 AU
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Mgl ST 7 LA YA BF BAZ UMY B
Y A8Y Y52 I AAZE oug etk 23, digaMe g3}
APAYE §50] dojuhs dF AGE A o 2L oA 47
A A% ALY FHo| Zhe LABEE Friste F2 AR €
ot

Aso] 2PT FAH 2FA 4 R Alole T-S type FRo| E
Bt 339 1PE UBhE 3t AETR HFAE Aoz oWy
B2 FAY 5 AT B9 3TA AE Aold] Helk £& ¥ @
2o £ Pt A= 320) EASE YR SHE BAFE Rolg)

0% ¥ L% ¥ §EM4E Bolm Yok

Hir

o
* o
=
El
2|_II
A
o
8
iy

1992 1299 #2779} 1994 499 #S5AAoe] 4F 2 ol
T F3AY GEE3tE A 19943 489 BEAAM e FEE3 B B
A F4E Mot 19924 1299 #FoA Fx=Hd YeEhtes 199
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