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Abstract 

Th巴 continuousr巴cordsof subsurface sea water temperature were obtain巳dby means 

of submarine cable o妊 MiyakeIsland in the southern s巴aof Japan. The r巴cordbetwe巴n

Sept巴mb巴1・3to October 2 in 1968 and the hourly residual tide level data were analysysed 

applying the standard method of spectral analysis. 

The spectra of the water temp巴ratur巴 of100 meters depth reveal巴da dominant sharp 

peak at the frequency of 0.08 cph (semi-diurnal period) and one weak peak at th巴 frequency

of 0.04 cph (diurnal period). The root mean square amplitudes of these peaks were 3.6'C 

and 2.1。C,respectively. 

In the residual tide level sp巴ctra,two dominant peaks were also observ巴dat th巴

frequency of 0.04 and 0.08 cph, too. Th巴seoscillations wer巴 ofthe ord巴rof 10 cm in root 

m巴ansquar巴 amplitude.

Co her巴ncebetw巴巴11 th巴 water t巴mperatureof 100 m depth and the residual tide lev巴i

was very high. Thes巴twotime series had good respons巴between0.07 to 0.09 cph. 

The results suggest that vertical water motion with semi-diurnal and diurnal periods 

occured in association with internal wav巴 whichmay be caused by meteorological 

disturbance such as typhoons. Also the short p巴riodvariation of the Kuroshio may have 

clos巴 relationwith these oscillations. 

1. Introduction 

In order to monitor the variations of the oceanic conditions, submarine cable 

with thermistors as t巴mperaturesensors has been laid off the west coast of Miyake 

Island (Fig. 1ふ Subsurfacetemperatures near the sea bottom at the depths of 

3 m and 100 m are being recorded on shore. 

The tide station is located at the same place as the recorder. The value of 

daily mean sea level have been used to monitor the change of oceanic conditions 

associat巴dwith the variation of the Kuroshio in this region. 

This report is an int巴rimstudy concerning the dominant oscillation of sub-

surface water temperature and residual tide level, and the relations between thes巴

oscillations and internal tide wave and the short period variation of the Kuroshio. 

2. Data 

* Oceanographic Division, Hydrographic Departm巳nt
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Fig. 1 Location of Miyake Island and surface 
currents Sept. 19～30, 1968. 

The subsurface temperatures were observed at the fixed d巳pthsof 3 m and 

100 m by means of thermistors connected with submarine cable, so that the tern-

peratur巴 measuredis the one near the sea bottom. The location of the submarine 

cable and the tid巴 stationis shown in Fig. 1. 

Continuous temperature r巴cordswere read every hour with the accuracy of 

0.1 °C. The residual tide level was defined as the residue obtained by substracting 

predict巴dtide level computed with 18 harmonic constituents from observ巴dtide 

level. The accuracy of the residue is about 1 cm. The period of data analyzed 

was from S巴pt巴mber3 to October 2, 1968. 

The hourly value of the subsurface wat巴rt巴mperatureand residual tide level 

are shown in Fig. 2. R巴mad王ables巴mi-diurnaloscillation having amplitude of 10 cm 

in the residual tide l巴V巴lis obs巴rved. Also in the temp巴ratureat 100 m record 

oscillations with amplitude of more than 4 °C are observed. Temp巴ratureat 3 m 

shows generally very smooth variations. 

The dominant oscillations which appeared in temperature of 100 m depth ware 

very remarkable from September 8 to 12 and from 23 to 25. At that time the 

typhoons No. 13 and No. 15 of 1968 passed to the south of Miyake Island. There” 

fore, the dominant oscillations may have been caused by these typhoons which 

accompanied strong northeast wind. 

According to the observation of th巴 oceaniccurr 

to the south of Miyake Island at this tim巴 andthe northern boundary of the Kuro-

shio may have reach巴dhere (Fig. 1.). 

Invertion of water temperature betw巴en3 m and 100 m depth was observed on 

Octob巴1・2,but it must b巴 not巴dthat two sensors are about 2.2 km apart horizon鋤

tally. 

The subsurface water temperature and the residual tide level can be regarded 
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Fig. 2 ’Time variation of subsurfac巴 sea water temperatm・巴sand of residual tide l巴velat 
Mi yak巴 Islandin 1968, 
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Fig. 3 Auto-correlations of subsurface sea water t巴mperaturesand hourly residual tide 1巴vel.

(a) Hourly residual tid巴 level.
(b) Subsurface water temp巴ratureof 3 m d巴pth.
(c) Subsurface water temperature of 100 m depth. 
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Fig. 4 Cross-correlations of subsurface water Temperature and hourly I巴siclualticl巴 level.

(a) B巴twe巴nwater temp巴ratur巴 of100 m depth and hourly residual tide level. 
(b) Betwe巴nwat巴rt巴mperatur巴 of3m d巴pthand of 100 m d巴pth.
(c) Between wat巴rtemp巴ratur巴 of3m d巴pthand hour r巴sidualtid巴 l巴V巴l． 
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as time serieses and assum巴dto be approximately Gaussian processes. Then the 

standard methods of spectral analysis can be appli巴dto these data (Blackman and 
Tukey, 1968). 

3. Auto-correlations and cross-correlations 

Auto”correlations and cross-correlations are shown in Fig. 3 and 4. Significant 

values of auto-correlation are found for the curve of the water temperature at 

100 m depth. The peaks are seen at about 12 h and 24 h・

A weal王peakis present for the curve of the temperature at 3 m depth at 24 h. 

The auto町correlationof the residual tide level shows the pres巴nceof oscillations at 

about 12 h and 24 h. 

Significant cross-correlation is seen betw田 nthe water temperature at 100 m 

depth and the residual tide l巴velat about 12 h and 24 h. The cross-correlation 

betw田 nthe water temperature of 100 m depth and 3 rn depth, and b巴tween3 m 

water temperature and residual tide level are very small. 

4. Auto圃powerspectra 

The auto-power spectra of the water temperatures and the r巴sidualtide level 
are shown in Fig. 5 and 6. 
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Fig. 5 Auto司spectraof subsurface wat巴rt巴mp巴rature.

(a) 100 m depth. (b) 3 m depth. 

The auto‘power spectrum of the water temperature at 100 m depth has a domi-

nant sharp peal王atthe frequency of 0.08 cph with the root mean square amplitude 

of 3.6°C. A sub-peak with the root mean square amplitude of 2.1。C is found 
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Fig. 6 Auto-sp巴ctrumof hourly residual tid巴 l巴vel.

at the fr巴quencyof 0.04 cph. These p巴aksindicate obviously that semi-diurnal 

and diurnal oscillations of water motion exists in th巴 seaaround Miyake Island. 

The autoもP巴ctrumof the residual tide level shows two dominant peaks at the 

frequency of 0.04 and 0.08 cph, too. The root m巴ansquare amplitudes are 11.4 and 

11.3 cm, resp巴ctively.

5. Cross spectra 

Cross spectra are shown in Fig. 7, 8 and 9. The cross spectrum between the 

r巴sidualtide level and the water temperature of 100 111 depth indicates statistically 

significant correlation. Coherence is strong, power is large and phase lag is around 

0 degree at the frequency of 0.04 and 0.08 cph. The power of the dominant peak is 

35 cm・ °C/cph at the frequency of 0.08 cph. Sul】peakpower at 0.04 cph is 14 cm・ °C/cph. 

The cross sp巴ctrabetween the water temperature of 3 111 depth and the residual 

tide i巴velis not significant. Coherence is high at the middle fr巴quency,but this 

feature is not statistically significant, because the cross power is small. 
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Fig. 7 Cross-spectrum b巴tweensubsurface water temperature 
of 100 m depth and hourly residual tide level. 
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Fig. 8 Cross-spectrum between Subsurface water temperature 

of 3 m d巴pthand hourly residual tide level. 
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Fig. 9 Cross-spectrum betw巴巴nsubsurface water t巴mp巴raturβ
of 3 m depth and of 100 m depth. 

6. Discussions 

As the cause of these dominant oscillations, astronomical tide, internal wave 

with tidal periods, inertial wave and th巴 shortperiod change of the Kuroshio are 

taken into consideration. 

According to the calculation of the residual tide level, the principal tide com‘ 

ponents of semi司diurnaland diurnal tide are removed by 96 percent. Lee and Cox 

(1966) observed short period variation of water temperature at the depths extending 

from the surface to the bottom. They reported that the variation of water tem-

P巴ratureoff California is dominated by semi-diurnal periodicity and suggested the 

existence of the V巴rticalmotions of ocean water associated with internal tide wave 

with amplitude of about 10 m. 

Konaga (1965) reported that the internal wave observed in the southern sea of 

Japan has the characteristic period of tide or inertial motion. The fr巴quencyof 

the inertial wave is 0.046 cph at longitude of 34 ° N. This frequency is nearly equal 

to the observed frequency of 0.04 cph and it is not possible to separate these two 

oscillations by the present calculation. 

Shoji and Nitani (1966, 1970) reported that the velocity of the Kuroshio changed 

with the periods of semi-diurnal and diurnal. The amplitude of the change was 

0.25 knots Compared with the mean velocity of 2 knots. This change of the velocity 

of the Kuroshio is sufficient to account fort he change of the residual tide level. 
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As mentioned above, the northern boundary of the Kuroshio was flowing near 

Miyake Island. The possibility that these peaks are caused by the variation of the 

Kuroshio can not be deni巴d.

However, it seems certain that the generation of dominant oscillations was 

primarily caused by the typhoon with strong wind as description section 2. 
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