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Characteristics of the upper ocean thermal structure
with its variations around Japan

—from records of Ocean Data Buoys obtained by J.M.A.—

Yoshihiro YANO, Kimio HANAWA and Yoshizki ToBA

Abstract: Characteristics of the thermal structure and its variations of the upper ocean
around Japan were investigated by using the data obtained at three Ocean Data Buoy Stations
(Nos. 3, 4 and 6) which had been operated by the Japan Meteorological Agency. Buoy Nos.
3, 4 and 6 are located at 25°40’N, 135°55’E (south of Honshu), 28°20’N, 126°05’E (eastern part
of the East China Sea) and 37°45’N, 134°23’E (in the Japan Sea), respectively. Two time
series with the length of about one year were selected for each buoy. Though water tempera-
tures were usually measured at three depths shallower than 50 m, depths of the sensors were
different case by case. After proper corrections were made for the data, the time series were
reproduced and their spectral analyses were made.

Our conclusions are as follows:

(i) Every time scries of water temperature shows the abrupt changes which can not
be explained as the result of the air-sea heat exchange and/or the vertical mixing in the sea.
Therefore, these variations seem to be due to the passage of water masses with sharp fronts.

The water masses have various vertical structure and passing time and spatial scales.

(ii) In summer, diurnal variations dominate in sea surface temperature and their maxi-
mum amplitude is as much as 0.5°C (at Buoy No. 3). Rapid drops of the temperature in
the upper layer are found in the warming season when the wind is strong, but in the lower
layer there are considerable variations which are not associated with the storm. At Buoy
No. 6, after the storm events, there are sometimes variations with near-inertial periods in the
lower layer; inertial gravity waves may be propagating downward.

(iii) Semidiurnal variations are dominant in the thermocline below the mixed layer at
Buoy No. 3 and this seems to be the internal tide. At Buoy No. 4 there are temperature
variations which are caused by tidal excursion in the upper 50 m.
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Fig. 1. Location of the Ocean Data Buoy Stations
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BhEFTHD and X (@).
Table 1. Location of Ocean Data Buoy Stations, the depths of water at stations,
observational periods obtained (a) and used for calculating spectra (b), and the
dEpths of water temperature sensors.
, . Observational period Sensor
Ii\‘?gy Location Dér[l))th Series No. Depths
’ (a) (b) (m)
3 25°40'N, 135°55’E 3470 1 1976/10/17-1977/10/13 1977/ 5/ 1-1977/10/13 3, 20, 50
I 1981/ 8/26-1982/ 9/17 1981/ 8/26-1982/ 5/ 8 2, 20, —
4 28°20'N, 126°05'E 115 I 1974/ 9/ 5-1975/ 5/ 9 1974/12/ 1-1975/ 5/ 9 3, 10, 25
I 1980/10/19-1981/ 8/31 1980/10/19-1981/ 7/ 2 2, 20, 50
6 37°45'N, 134°23'E 2570 I 1978/10/14-1979/ 8/11 1978/10/14-1979/ 4/30 3, 20, 50
Jil 1979/11/ 3-1980/10/30 1979/11/ 3-1980/ 7/15 2, —, 50
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Fig. 2. Temperature differences between three

depths at Buoy No. 4 from January to March

in 1975 (SI). WTI, 2 and 3 are water temper-

"ature at 3m, 10m and 25m depths, respectively.
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Table 2. Values of correction for water temper-
ature. Three time series were corrected.

Buoy No. WT1 WT2 WT3

Series No. &) (°C) (&)
3, 1 +0.1 - —
3, I — -
4, 1 — +0.3 +1.5
4, 1 - -
6, I — - -
6, 1 +0.5 — -
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Fig. 3. Time series of wind speed (WS) and water temperature (WT1, 2, 3)
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Fig. 6. Enlarged time series at Buoy No. 3, May 11-20, 1982 (a) and June 11-20, 1982 (b).
Wind speed (WS) and atmospheric pressure (PR) are shown in the upper panel, and

water temperature at 20m depth (WT2) in the lower panel.
the lower panel represent the period of semidiurnal tide (=

of inertial period (=27.7 hours) in (b).

Marks at_even intervals in
12.42 hours) in (a) and 95 %

Temperature variations with semidiurnal period

are dominant in (a), and they are not associated with any storms, as the wind was weak
during the period. There is a drop in sea surface temperature (WT1) on June 12 caused

by weak wind mixing, and WT2 fluctuations,

which have a slightly shorter period than

the inertial period, continue for a week (b).
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Note that the spectra are

variance conserving plots.

The period of each

series used to calculate the spectra is shown
in Table 1.
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Same as in Fig. 3 except for Buoy No. 6.
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Fig. 11. Spectra. Same as in Fig. 4 except for

Buoy No. 6. Note that the spectra are variance
conserving plots. The period of each series

used to calculate the spactra is shown in Table:
1.
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I BuoyNo.6 (1973-1980)
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Fig. 12. Evolution of spectra. Same as in Fig.
5 except for Buoy No. 6.
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Fig. 13. Enlarged time series of Buoy No. 6
from May 25 to June 3 in 1980. Wind speed
(WS) and atmospheric pressure (PR) are
shown in the upper panel, and water tempera-
ture at 50 m depth (WT3) in the lower panel.
On May 26 a depression passed the station and
the wind became stronger. Temperature vari-
ations which have near-inertial periods are
seen after that time. Marks at even intervals
in the lower panel indicate the inertial period
of 19.7 hours at Buoy No. 6. The near-inertial
oscillation was generated by the strong wind
on May 27 and continued to May 30. Then,
the phase change occurred due to the weak
wind on May 30, and the near-inertial oscillation
again appeared on May 31.
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