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Observations of Periodic Motions of the Seasonal Thermocline
and Vertical Fine Structures of the Temperature

in a Coastal Zone.

Momoki KoGga* and Sei-ichi KANARI
Department of Geophysics, Faculty of Science, Hokkaido University

( Received July 28, 1987 )

Variations of the seasonal thermocline in the coastal zone of 50 m depth, 6 km off Yoichi
coast in Ishikari Bay were observed with a meteo-oceanographic spar-buoy system for two
months from July to September, 1984. The spar-buoy system consists of meteorological
sensors at the head of the spar (3.25 m above the sea surface) and a 11-layer thermister chain
(depth between 20 m and 40 m) attached to the lower end of the immersed spar. An energitic
spectral peak of the thermocline oscillation occurs at the diurnal frequency which correlates
the diurnal surface tide. Thermocline oscillations of near inertial period (17.4 hours) also
sometimes occur, which are well correlated to the passage of storms. Concentrated observa-
tions of the fine vertical structures of temperature, three times a day, were also made for two
days near the buoy station with CTD and XTGP (Expendable temperature gradient profiler)
in relation to the principal oscillation of the thermocline. An additional data by a thermister
chain of a short sampling interval (1 minute) for three days in September, 1983 were also
analyzed. The results show the detailed features of the turbulence of the upper mixed layer
and the thermocline struture in relation to the principal oscillation of the thermocline. The
additional data also show that the frequency spectra of the isothermal displacement at high
frequencies near the Vaisala frequency obey apporximate —3 power law, which is somewhat
a different spectral law from that of the canonical Garrett-Munk spectrum.
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% Present affiliation : Department of Oceanography, Ryukyu University



16 AR AR &R W

I.@&@ Lt & (2

?ér”%iﬁmiﬁi$?ﬁé% EEERKBEBOLEBEFELAICTAZ 2B E L, AIFENRE
Bo&mink (Fig. Dics wt, #E8Re2d06 L ¢, CTD, XTGP (Expendable Temperature
Gradient Profiler) % @E MM L 72 8RE %17 - 72, Fig 2 (3R (Fig. 1, st. A oififE)
B A KIBHESANERENETT., BRI EDIRKEBSENE - kEPLET HEM
WA (i, 1983) X/ s, BEERELLBEICHITHRZICMAINTAZ TR
KIROSEDEIIERL T, 8 HIZBIEB D { AHTH 5%, 9 RICi3KENKEA M 5
DWEEH ORI L N IRZICKERAE IR I N, BICIREGEAIZW 300 4 KRl
AT S, LB TIIKENKRAZEL R0, 10 Hlch 2 L REBIIITEECEREL, —Bx
KIRIRESTHT & % B,

ABBL, 1984 FOREBBOEEA R LN 5 E#iH L HFc 13 ¢, Fig. 1 o st. Biz 5V TAT
bz, BEEMLL 2 REROEEBIEOFETIC DT, KRB DB 2 EEL 2T L
2EH, TTICERK - /NE (1985) IC#HE L7, Lo Lkahs, BB TIRONER T ik

o0’ v '
//’\\\ /zool
/' . o A4 5 1 61 T A
K P " 1982
43‘20’ \: r:;:, _’i/_. _ﬁf,;,/, //
— 43’16‘N_._140'56:E w» C 10 15 6
FURJEIRA \-\.).(_;"—_9‘;
\\Lx,) . o § 5 1w0  sA
voicH A " 1961 /
OSHORO
&
« sn? < 1w 15 20
° 44 WNE110 6 1A
~ 1980 = M
0 & L
43°00° b
,gn) 15 20
Fig.1. Location of observations off Yoichi
coast in Ishikari Bay. St. A indicated
by x is the position of a thermister chain Fig.2. Seasonal change of the temperature
mooring in 1983. St. B indicated by © is profile near St. A off the Yoichi coast.
the position of a spar-buoy system moor- Numbers at the top of each temperature
ing in 1984. Solid triangle and circle profiles indicate the months of observa-
indicate the positions of Hokkaido tion. (From Hokkaido, 1983).

Chytio Fisheries Experimental Station
and Oshoro Tidal Station, respectively.
Bottom contours are given in meters.
The 200-m isobath corresponds to the
line of the northern shelf break.
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Fig. 3. Time series of the meteorological and oceanographical data obtained
by the spar-buoy system at St. B from July 20 to September 20 in 1984.
Curves in (f) are selected time series of water temperature at 1 m, 20 m,
30 m, 40 m depth, respectively. The data were obtained at intervals of 30
minutes. The time series (g) is the tidal elevation observed at Oshoro
Tidal Station.
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Fig.4. Time series of diurnal mean of observed data in 1984. Data includ-
ing precipitation and relative humidity at Yoichi Meteorological Station
and Otaru Meteorological Station are also shown with dotted and dashed
lines, respectively.
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Fig.5. Time series of meteorological data and water temperature data
observed at Hokkaido Chytio Fisheries Experimental Station (solid trian-
gle in Fig. 1) in the corresponding period of the spar-buoy mooring. The
data were obtained once a day.
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Fig. 7. Periods of the water temperature change and their relation to the
passage of storms from July 20 to September 12, 1984. The individual
peroids (trough-to-trough or crest-to-crest) of the water temperature
change were evaluated in the time series of the thermister chain data.
Triangles on the top indicate the passage of storms (S,, S; and so on).
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Fig.8. Concentrated observations of the temperature, salinity profiles by
CTD and XTGP, on August 15—16. (a) Overall temperature change
during the observations obtained by means of the moored thermister
chain. (b) The corresponding depth of the isotherm (deg. C) versus time.
Times of six runs of CTD, XTGP measurement (Table 1) are indicated by
thick vertical lines. (c) Isoplethes of the vertical temperature gradient
obtained. Unit in deg. C/m.
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Fig.9. Temperature, salinity and density profiles by CTD in the concent-
rated observations in 1984.
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Fig.10. XTGP (eXpendable Temperature Gradient Profiler). (a) Block
diagram of data collection. Both the temperature T and differentiated
temperature (temperature gradient in high frequency range) d77/dZ are
simultaneously recorded. (b) XTGP temperature probe (XBT probe with
drag plates).
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Fig.11. Example of profiles measured by XTGP. (a) Temperature
profile 7. (b) Profile of temperature gradient, dT’/dz. (c)
Vertically average profile of temperature gradient. The profile
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gradient profile/{dT 7dz)? is shown with triangles. (d) Profile
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gradient evaluated.
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Fig.17. (a) Isothermal depths as a function of time in early Septem-
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