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Abstract

Using CTD data obtained on the T/S Kagoshima-maru during 20 hours on December 2-
3, 1989 in a triangular area centered at 29-09 N, 134-51 E (each distance between three
tips are 35 miles), the small scale spatial distribution of ocean surface mixed layer depth
(MLD) and the vertical heat flux at the bottom of surface mixed layer were examined.
Assuming the spatial homogeneousness of internal tide, the contribution of internal tide to
MLD defined by sea surface temperature (SST) minus 1.0°C depth, is estimated to +
20m, about 20% of mean MLD. Spatial distribution of MLD corrected by reducing the in-
ternal tidal components by least square method has good similarity with temperature dis-
tribution at 200m depth, suggesting that MLD distribution is well correlated with two
cyclonic small eddies at 200m depth of which radii are 15-40 miles. Vertical velocity com-
ponent of the current flowing along isopycnal surface at 100m depth is calculated to be
2.2 X 10 ¢m s by beta-spiral method using CTD data which does not contain the con-
tribution of internal tide but eddy. Then, vertical heat flux (positive upward) at the bottom
of surface mixed layer (100 m depth) was estimated to be —78 W m™® using mean temper-
atures at 75 and 100 m depth.
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Fig. 1. Map showing the locations of hydrographic stations. Numerals indicate the station number and
SB the location of moored surface buoy.
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Fig. 2. Temperature and salinity section along Stns. 2, 3, and 4 (See Fig.1).
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Fig. 3. Difference of vertical profile of temperature at Stn.1 from that at Stn.8, 19 hours later than
Stn. 1.
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Fig. 4. Spatial distribution of a) SST-0.1 °C depth (MLD-A); b) SST-1.0°C depth (MLD-BY); ¢) temper-
ature at 50 m layer; d) temperature at 200 m layer; and e) temperature at 500 m layer.
All figures are made for the original data containing contributions of internal tide and small
scale eddy.
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Fig. 5. Temporal variations of a) SST-0.1 °C depth (MLD-A); b) SST-1.0°C depth; ¢) 21°C isotherm
depth; d) 12°C isotherm depth; e) temperature at 200 m layer: and f) temperature at 500 m
layer, in which are neglected the differences in location of each hydrographic station. Thin lines
indicate semi—diurnal and diurnal tidal component determined by least square method.



N, XE, AL, B @ BERBRAEEMES T & AEREE 55

b Tt EE, Fig3 TN500mfE TN 2 BOBRAIOED0.7C DR % Fig.d ®500m
BB HELNS Stnl & 2 DEOFHKIBAKFAE (0.025C/mile) & HVTKF
BROATHHELELD ET5L, 500mBTHOBRMMMA (198:M) FHKFELT1, v b
DEDFEEICHNFERELEE TS, SO LIE, 500mETHINER D D0.7C DKIRE
LIIATERIE L 01, & LAKRDSAELEM GRERK) CEBETAHILERBL TV,
Thbb, KEELEKKEICL b %) KEBRHELKBOKFESTMHALHM T S0
i, S0 FETLIH (BRME) UToOERAMSELERRS ¥ SRS TOBRUBER» L
BRETHLEND 5,

Fig.5 i= CTD Bl lith &> MLD-A, MLD-B, ZHiREREEE L T RERBRED
ZA%RETH2ICLI2CEBHOERE, BLU200mE L500mBKBROEMEEZ RS,
e DM IR/ T & o TROZ#IWEAR (12,580 3 & U258H) KBS TH 5,
Z OEEEIR S H51) £4F207 4 VOBRHER TR TH - T, 2)EHEL D b TFITK
XVIEAITIE, MhoOfBIZAEEY 3 EEREICE L2 ) REERERLTWAZ L
I2% 5o MLD—A OZEE)IEIZ23m, MLD-A DiEIEIZ38m, WEEKICL % ) BEIRE
B EEOEWEMERRS OERIEIX3.0CTHY, L bIZ3 H8EE (Stn6 i) T
BK, 3H1BE (Stnd fHE) THRAMIER B, THT Lid MLD-A & MLD-B DRH%E
BYEHEEREROSEBE L FEICEUOVWTWT, ZEHEERRSOHEBENH MLD-
BICRITTHEIE MLD-A DB I YV KELRBILERLTWVS, /2, RAE#HWIC
&b %D EXKBERRE O ENERRS DLEBINEIX25m, 500m EKIROEY EHEE) K
SOEENEIZ0.8CTH Y, & HI3 B 5EE (Stnd & 5 OFME) THRXK, 3 H11KEE (Stn.7
fHiE) THRANI% B, PIEREY EIEE OIRE) & YGRS EIRERE & TIREER TK
X RRoTWBILENEEBENS, Fig6 CHWEAPEHRTOLELMD

Phase (deg.) Phase (deg.)
G—IBO -90 0 90 180 o—lt}O -90 0 90 180

500

Depth(m)
Depth (m)

1000

a) b)
1500 T T T 1500 T T T
0 10 20 30 40 0 10 20 30 40
Amp.(m) Amp (m)

Fig. 6. Vertical profile of amplitude (solid line) and initial phase (dotted line) of isotherm of mean
temperature at each depth determined by least square method for a) semi-diurnal component
and b) diurnal component.
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Fig. 7. Spatial distribution of a) SST-0.1 °C depth (MLD—A); b) temperature at 50 m layer; c) temper-
ature at 200 m layer; and d) temperature at 500 m layer. All figures are made for the data in
which the contribution of internal tide is reduced by least square method.
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Fig. 8. Spatial distribution of a) temperature at 200 m layer and b) temperature at 500 m layer. All fi-
gures are made for the data in which the contribution of internal tide and small scale eddies are
reduced by least square method.
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Fig. 9. Temporal variations of a) east component and b) north component of current velocity at sea sur-
face meausred by ADCP, in which are neglected the differences in location of each current
measurement. Thin lines indicate semi-diurnal and diurnal tidal component determined by least
square method.
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Fig. 10. Absolute velocity spiral obtained by beta-spiral method using hydrographic data in which the
contributions of internal tide and small scale eddies are reduced by least sqare method. Abso-
lute reference velocity is determined by applying least square methed in the depth domain from
100 to 500 m.
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Table 1. Absolute mean velocity Uapcp, UEppy, and UNo EDDY at surface layers. UADCP is mean
value of velocity measured by ADCP during whole period of triangle observation, UEDDY
is estimated by beta—spiral method using density distribution at Stns.3, 5, and 7 which
contains contribution of eddies but not internal tide, and UNo EDDY estimated by beta—
spiral method using density distribution which does not contain neither contribution of
eddies nor internal tide.
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Fig. 11 Absolute velocity spiral obtained by beta-spiral method using hydrographic data at Stns. 3, 5,

and 7 in which the contribution of internal tide is reduced by least square method (See Fig.
10).
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Fig. 12 Profile of vertical component of velocity estimated from the absolute velocity shown in Fig. 10.



62 BRBREKEEPLE #39% (1990)

10 %em s ' CTh b, HENREIRBGRABER SHAKRERRE) LEXBBANS00mET
BAMELHD, ERERETOS0mETHE ML LY, E6121300mTL1.4X10 *ems™ &
BKIZ% 5,

KBRABES (100mfE, Kk T;C) »HLRBRAE (KR T, C) ~DHEBHICL
HLmEDBFER Qi

Q=P C,W (Ty=Ty) wweeereeesssssssssssssissssiisti e 7)
THREND, SREHE w & L TRESBRERADMET BRI 6.7X10  em s™ 28R
HL, T; & LTEBAETCORRIBREFERA100mBFIHKIE (T; =21.50 C), T & LT
SBRUS TORRSBREBRATSmEEYKE (T, =22.65 C), *HAWVT, £C,=4.0X
10 -m 3 K 'e42L, BESBREFRADHREIRICE 2K Quo eppy 1E—3.0
Wm2t%s (ABFSRERREBOARBEELRT). I OMHEIZLHHROMEE T ORI
HDETFYME (—50~—100 W m™2) JCHNTEEITAE Y,

Fig.13 IZFig.11 (SR LR (B BRI S BREEA) Mxd s it o S ied &%
LNISAEREDRESF TR T. KBRABER (100m) TOHMEREIT LA EIC2.2X
107 % em s T L S BREFEADFEDH0ETH b, MBI ATE FEDHRES A 1T IBE S
BREEADER & FRIC, RBRABER (FHKREE) L KREATERELRDL,
FARERET D800mIETH/IE % 5 BAMEIZ1050m TD4.2X10"2 em s~ Tdh 5 SRE
B wk LTl i 5 2.2X10 3 ems T R RAL, T1 & LTStn3, 5, 7T
DEW BT BREEHL00mEIEHKIR (T; =21.75 C), T L LTRILL 3GHUATO
MRS BREBRATSMBEFEYKE (T, =22.64 T) 2AVE L, BRIBREREADES

W (103%cm s
ol 0 1 2 3 4
—

5004 :
ol |
-C 4
3
(5]}

g | .

1000- :

1500 —— i

Fig. 13 Profile of vertical component of velocity estimated from the absolute velocity shown in Fig. 11.
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Appendix Hydrographic data obtained on board the T/S Kagoshima-maru on December 2-
3, 1989.

Explanation
The data in the following table were collected on board the T/S ‘Kagoshima-maru’ of
Faculty of Fisheries, Kagoshima University, during the cruise for ‘Ocean Mixed Layer Ex-
periment’, from Dec. 1 to 3 in 1989, in the area near 29 N, 135E, and processed by H.
Ichikawa. Everyone can obtain these data through Computer Compatible Magnetic Tage (1/2
inches) or mini-floppy disk in MS-DOS format.
Please contact to:

Hiroshi Ichikawa Akio Maeda
Faculty of Fisheries Faculty of Engineering
Kagoshima University Kagoshima University
4-50-20, Shimoarata 1-21-40, Koorimoto
Kagoshima, 890 Japan Kagoshima, 890 Japan
Heading
STN. :Sequential number given for each observational station.

DATA :Lower two degits of year, month, and day of measurements in the Japan Standard
Time (JST), which is nine hours ahead of the Greenwich Mean Time.

TIME :Hour and minutes of beginning of measurements.

LAT  :Latitude in degrees, and minutes.

LON  :Latitude in degrees, and minutes.

Hydrographic data
Following data are measured by Neil Brown CTD [ B. Salinity is corrected by chang-
ing the Cell Factor to 1.00041 which was determined from RMS values at Stn. 1 and

sea surface values at all stations.

PRS. :In-situ pressure in deci-bar except 0 db which means 1 or 2 meters below the sea
surface.

TMP  :In-situ water temperatur in degrees Celsius.

SAL :In-situ salinity in ‘the practical sainity scale, 1978".
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Appendix (continued)
STN.1 STN.2 STN.3 STN.4
89/12/ 2 89/12/ 2 89/12/ 3 89/12/ 3
18 : 34 JST 21 :45 JST 00: 30 JST 3:15 JST

LAT.= 29- 6.61 N
LON.=134-48.80 E

LAT.= 28-54.99 N
LON.=135- 9.99 E

LAT.= 29-10.03 N
LON.=135- 0.00 E

LAT.= 29-24.99 N
LON.=134-49.95 E

PRS TMP SAL PRS TMP SAL PRS TMP SAL PRS TMP SAL
0 22.561 34.133 0 22.676 34.613 0 22.683 34.622 0 22.468 34.646
10 22.573 34.367 10 22.686 34.615 10 22.683 34.622 10 22.473 34.646
20 22.571 34.500 20 22.687 34.615 20 22.684 34.623 20 22.472 34.646
30 22.571 34.530 30 22.691 34.616 30 22.685 34.622 30 22.475 34.646
50 22.577 34.558 50 22.690 34.615 50 22.689 34.622 50 22.480 34.646
75 22.584 34.569 75 22.690 34.615 75 22.689 34.623 75 22.440 34.651

100 22.094 34.720 100 20.842 34.764 100 20.802 34.811 100 20.054 34.833

125 20.602 34.812 125 19.260 34.844 125 19.080 34.849 125 19.112 34.855

150 19.731 34.844 150 18.768 34.847 150 18.573 34.849 150 18.473 34.850

200 18.756 34.839 200 17.982 34.830 200 17.948 34.833 200 17.823 34.830

250 17.753 34.816 250 17.082 34.795 250 17.083 34.794 250 17.286 34.807

300 17.185 34.794 300 16.252 34.741 300 16.360 34.746 300 16.621 34.771

400 14.993 34.642 400 14.209 34.593 400 14.444 34.607 400 14.607 34.624

500 12.258 34.445 500 11.702 34.417 500 11.839 34.426 500 12.455 34.475

600 10.007 34.319 600 9.058 34.264 600 9.011 34.270 600 9.534 34.325

700 7.374 34.261 700 7.057 34.233 700 7.069 34.233 700 7.132 34.230

800 5.667 34.255 800 5.542 34.267 800 5.597 34.268 800 5.236 34.270

900 4.791 34.307 900 4.570 34.316 900 4.608 34.331 900 4.791 34.307

1000 4.076 34.370 1000 4.012 34.376 1000 4.006 34.385 1000 4.130 34.374

1250 3.092 34.442 1250 3.078 34.477 1250 3.021 34.486 1250 3.119 34.477

1500 2.615 34.529 1500 2.553 34.540 1500 2.583 34.541 1500 2.583 34.544

STN.5 STN.6 STN.7 STN.8
89/12/ 3 89/12/ 3 89/12/ 3 89/12/ 3
5:55 JST 8:31 JST 11:14 JST 13:13 JST

LAT.= 29- 9.10 N
LON.=134-39.10 E

LAT.= 28-55.00 N
LON.=134-28.99 E

LAT.= 28-54.89 N
LON.=134-49.83 E

LAT.= 29- 4.72 N
LON.=134-49.85 E

PRS TMP  SAL
0 22.794 34.577
10 22.806 34.577
20 22.806 34.577
30 22.813 34.576
50 22.817 34.576
75 22.822 34.576

100 22.608 34.593

125 21.748 34.780

150 20.036 34.844

200 18.737 34.849

250 17.936 34.825

300 17.230 34.779

400 14.681 34.622

500 12.095 34.444

600 9.734 34.359

700 7.579 34.283

800 5.816 34.286

900 4.746 34.329

1000 4.007 34.390

1250 3.139 34.475

1500 2.617 34.539

PRS TMP SAL
0 22.952 34.601
10 22.964 34.600
20 22.965 34.600
30 22.968 34.601
50 22.973 34.601
75 22.980 34.607

100 22.925 34.629

125 21.360 34.850

150 20.704 34.855

200 19.369 34.859

250 18.027 34.836

300 16.910 34.771

400 14.800 34.634

500 12.077 34.441

600 9.796 34.351

700 7.668 34.287

800 5.787 34.276

900 4.605 34.341

1000 3.925 34.401

1250 3.167 34.473

1500 2.643 34.535

PRS TMP
0 22.699
10 22.701
20 22.699 34.577
30 22.689 34.578
50 22.654 34.580
75 22.657 34.543

100 21.705 34.726

125 20.419 34.856

150 19.808 34.857

200 18.548 34.849

250 17.295 34.794

300 16.477 34.741

400 14.316 34.598

500 11.786 34.447

600 9.168 34.343

700 7.230 34.292

800 5.450 34.277

900 4.527 34.341

1000 3.890 34.399

1250 3.047 34.487

1500 2.509 34.551

SAL
34.577
34.577

PRS TMP SAL
0 22.503 34.596
10 22.519 34.596
20 22.509 34.596
30 22.509 34.596
50 22.511 34.597
75 22.495 34.608

100 21.311 34.800

125 19.806 34.855

150 19.027 34.836

200 18.184 34.839

250 17.407 34.811

300 16.594 34.769

400 14.534 34.617

500 11.609 34.420

600 9.691 34.348

700 6.859 34.231

800 5.449 34.273

900 4.510 34.341

1000 3.883 34.399

1250 3.026 34.491

1500 2.537 34.548




