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SUMMARY

[ Title

Vertical Thermal Structure in the Tropical Western Pacific.

I Significance and Objectives of the Study

In step with the rising interest the tropical ocean plays on global climate,
internationally-coorporated TOGA experiment has been conducted succesfully
putting forth some exciting results. It is to be noted that the TOGA experment
is one of the most prominent studies bring the international academic community
together. '

In spite of past progress, there still remains some basic academic questions to
be asked in forecasting the mid-range climatic variation, covering the time span
(;f several month to years, because of the complex ocean-atmosphere dynamic
interrelationship. Among these, questions related with the long-time sustenance
of "Warm Pool’ in the Western Tropical Pacific is the most interesting one.
Especially, studies on the sea surface temperature (SST), flux of dynamic
quantities between atmosphere-ocean, and the upper ocean dynamic structure are
in dire need. It is without the question that studies on ocean-atmosphere
dynamics is a prerequisite in understanding the global climatic variation and
inter-seasonal variability. Because of its effect on the global climatic pattern,
studies on the Western Tropical Pacific ocean-atmosphere dynamics is evidently
clear. Ignorance of its dynamics would result in possible maximum prediction

error.



TOGA thus established IOP (Intensive Observation Phase) with the targeted
aim of measuring dynamic quantities in a concentrated and exact manner as its
later stage purpose. By our fisrt participation in the IOP, Korean researchers are
also urged to participate in TOGA. Although it is a small portion of TOGA, our
efforts and contribution will be recognized in the world ocean research
community and we can share the fruits of TOGA programme.

The tropical ocean has its own characteristic phenomena distinguished from
those occurring in mid and high latitudes and it can be explained by the
differences in the dynamical feature. In the tropical ocean, the momentum
balance is different from the mid and high latitudes because of the diminishing
Coriolis parameter. In this study, structure of the upper ocean is analysed using
the data collected so far.

IIL. Scope of the Study

1. Participation in the TOGA COARE EQ-1
2. Participation in the TOGA COARE IOP
3. EOF analysis of the vertical temperature structure

IV. Result of the Study

1. Collaboration with USA by letting one researcher on board Univ. of Hawaii
R/V Moana Wave from April through May, 1992: field survey of TOGA COARE
EQ-1

2. Collaboration with Japan by letting one researchers on board Univ. of
Tokyo R/V Hakuho-maru in the early December, 1992: field survey of TOGA
COARE IOP



3. Understanding of the vertical temperature structure through the EOF

analysis of the Korean Atlas buoy data

V. Conclusions and Discussions

Four months from the end of 1992 through the beginning of 1993 was the
most important period for the oceanographers and meteorologists around the
world. This is because IOP was conducted during this period as the final and
most intensive observation of the international TOGA programme which has
begun in 1985. Korean researchers also participated in IOP during the EQ-1 and
Hakuho-maru cruises. '

The tropical ocean has its own characteristic phenomena distinguished from
those occurring in mid and high latitudes and it can be explained by the
differences in the dynamical feature. In the tropical ocean, the momentum
balance is different from the mid and high latitudes because of the diminishing
Coriolis parameter. The diffusion term plays an impor;ant role in the tropical
ocean and one typical example is the Equatorial Countér Current. In this study,
structure of the upper ocean is analysed using the data from April 1992 to May
1993 collected by the Korean ATLAS huoy at ATLAS-137E2N (ATLAS buoy
station at 137° E, 2° N).

Standard deviations at various water depths show a typical pattern of the
tropical ocean. The low standard deviation at the sea surface is due to the
intense heat exchange with the atmosphere, thus maintaining high water
temperature throughout the year. The high standard deviation at 250 m means
that the influences by the heat exchange, external forcing and advection are
strong to this depth. The linearly diminishing trend of the standard deviation at
deeper depths is the general pattern found both at low and high latitudes.
Therefore, we can conclude that the characteristic phenomena of the tropical
ocean occur mainly in the upper 300 m.

To extract the vertical structure from the existing data Empirical Orthogonal



Function was used. It was possible to explain the phenomena at the depths
where extreme values of the first and second modes are found. The extreme
value at 50 m shows the upper structure of the tropical ocean. At 200m both
the first and second modes show extreme values and it indicates that the upper
layer interacts directly with the atmosphere, the Equatorial Counter Current
exists below it with thickness of about 100 m and the 200 m depth distinguishes
clearly from the Equatorial Counter Current.

The time series of the first EOF mode shows a clear annual variation
indicating that the seasonal variation is the most dominant phenomena in the
tropical ocean although the amplitude is not as large as at mid-latitudes. The
second mode has a periodicity of about 100 days. A typical fluctuation with
aperiod of 30-60 days (Madden and Julian 1972) observed in the tropical ocean
was not found in our data. T

he third and fourth modes have high-frequency fluctuations mostly in the first
200 days and this period coincides with 1992/03 El Nino. More study is needed
for this phenomena.
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Figure 1. Oceanographic stations occupied from 17 April to 15 May, 1992 by
R/V Moana Wave.
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Figure 3 (a). Vertical distribution of temperature (a) and salinity (b) of CTD
section from 3.5° S to 5° N along 143° E.
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Figure 4 (a). Vertical distribution of temperature (a) and salinity (b) of CTD
section from 1.8° S to 5° N along 147° E.
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Figure 5 (a). Vertical distribution of temperature (a) and salinity (b) of CTD
section from 150° E to 170° E along the Equator.
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Figure 7. Vertical profiles of temperature, salinity and sigmat-t at Cl1.
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Figure 10 (a). Time series of parameters observed at ATLAS Buoy Station
ATLAS-137E2N.
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41



ATLAS-137E2N (57 137= 9] 259 ATLAS AF ¥ 3)< 19924 44 +H
BEE AFslg ez 1dzke] 287 ¥REe] 93, ATLAS-137ESN (574 137
T 29| 55¢ ATLAS A& FA)2 19934 44 5E FHL Ajzslgdonzg o3
R Y 2R 942 Aejoith & dFoljMe ATLAS-137E2NS] 19929 44 -7-H
19939 5¥7tx|e] AR E AMESle] 43}t ATLAS-137E2Nol A HEZ @5
420 EE AlZto] uwiel 2 100] AHAStHoH HF L] I EEFHA
£ F loll 2oste] Hesiact vl $2& 19929 129 %€ AAo] A7t W
Asto] Folo] /x| YW H4E 9% 3|7t ol FojF 19939 4¥7ix] AEFEF T
718zt sedEee] HFS 747 283B%, 290358 Hon, 713 sjeHe2e
zlole] BHFZ 06822 A U5 B3l siedso] &4 Vel d Wete
3] ot (Iy 10b).

Table 1.. Statistical Summary of Observations at ATLAS Buoy Station

ATLAS-137E2N.

ITEM MEAN STANDARD DEVIATION | MINIMUM | MAXIMUM | NO. OF GOOD DATA
WIND-U 0.95 2.59 -4.69 9.49 261
WIND-V' | -0.49 1.53 -5.18 | 3.29 261
REL. H | 81,00 2.90 73.40 91.00 260
AIR T 28.35 0.61 26.26 29.54 406
AT-SST | -0.68 0.57 -2.67 0.53 406

SST 29.03 0.58 27.18 30.29 406

T25 28.36 1.16 24.71 29.90 406

T50 26.98 1.70 22.99 29.57 406

T75 25.11 1.35 22.12 27.82 406

T100 23.32 1.04 21.39 26.60 406

T125 21.74 0.87 19.62 23.98 406

T150 19.92 0.75 17.59 21.56 406

T200 16.00 1.34 12.92 18.37 406

T250 12.73 1.13 10.25 15.20 406

T300 10.60 0.53 9.20 12.30 406

T500 8.31 0.23 7.68 8.79 406
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Figure 11. Time-depth plot of water temperatures observed at ATLAS Buoy

Station ATLAS-137E2N.
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Abstel Rwa) 471 o] £AFE F diEst gle widel £4 1508H £
o] 4o} Ho] A g RoE Ntk E 20 2o=Ee] A& uit Zol 7 Y
#71 2REHE A SAFol g VR Hx ¥Tt 63%, T gt
14%, A=l 471 9% Folth 30Hal ok ARgste] Add £22E= o
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ol 77%, ARz 2] Y4E AMRT Bl 86%, Uizt e ol 20%
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Table 2. Summary of Empirical Orthogonal Functions considered for vertical
structure of temperature.
i index of the EOF(mode) considered.
C(i) : contribution of each EOF to the total variance in %
A(i) : Accumulated contribution of the first i EOFs.
MG) : rms difference between the data and the reconstucted

temperature field using the first i EOFs(units: )

Cli)| 62.90} 13.83]| 9.46| 4.27} 2.72; 2.41| 1.41] 1.08| 0.88

A(i)| 62.90( 76.74|86.20] 90.47| 93.19| 385.61| 97.03| 98.11| 99.00

M(i)[0.4769(0.376010.301 |0.2421]0.2039]0.1634|0.1304|0.1011 0. 0585
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Figure 13. Time series of the EOF amplitudes for each mode.
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