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Fig. 1. Map of the study area including Suruga

Bay. Locations of the routine hydrographic ob-
servations by Shizuoka Prefectural Fisheries Ex-
perimental Station are indicated by crosses, to-
gether with the numbers of some selected stations.
A solid line indicates the position of cross sec-
tion of mean temperature and salinity fields and
their standard deviations. Off-shore distance from
Daiozaki is used for indicating the changes of the
Kuroshio path south of the study area. Surface
meteorological data at Shizuoka are used for ana-
lyzing the time series of precipitation.
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Sea-level Difference between Kushimoto and Uragami
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Fig. 2. Time series (15-day running mean) of sea-level difference between Kushimoto and Uragami as an
indication of the Kuroshio path south of Japan (referred to http://cer.ori.u-tokyo.ac.jp/tides/). Periods in
which the Kuroshio took the large meander path are shaded.
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Fig. 3. Vertical profiles of salinity at the station
(Sta. 26) in the bay during February (thin line)
and August (thick line), 1994. Corrected data are
indicated by open circles and triangles, while those
pre-corrected are indicated by close circles and tri-
angles. See text for correction procedures for salin-
ity data.
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Fig. 4. 4 Distribution of mean fields for tempera-
ture (upper) and salinity (lower) at surface (10 m)
and subsurface (200 m) layers.
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Fig. 5. Cross section of time-averaged (1965~2004) fields for temperature (a) and salinity (b) along the line
shown in Fig. 1. Locations of observation statiqns are indicated by dots at the bottom of figures.
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Fig. 6. Cross section of the standard deviations which were calculated by time series of monthly temperature
(a) and salinity (b) data. Locations of observation stations are indicated by dots at the bottom of figures.
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® Time Series of Temperature at Sta.10 (10m)
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Fig. 7. Time series of monthly data of temperature
(a) and salinity (b) in the near-surface layer (10
m) at Sta. 10.
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Fig. 8. Spectra of temperature (a) and salinity (b)
in the near-surface (10 m) and subsurface (200 m)
layers at Sta. 10 and Sta. 29 (only salinity). Hori-
zontal lines depict the 95% significance limits.
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Cross section of standard deviations which were calculated by 12-month running mean time series of

temperature (a) and salinity (b). Locations of observation stations are indicated by dots at the bottom of

figures.
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(@ _ _Time-series of Temperature at Sta. 29 (12-month R.M.)
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(b) 4 Time-series of Temperature at Sta. 10 (12-month R.M.)
T T T !

; H H H : H
65 70 75 80 85,9 95 00 05

Fig. 10. The 12-month running mean time series of
temperature in the layers (10 m, 50 m, 100 m, 150
m and 200 m) at stations inside(Sta. 29) and out-
side(Sta. 10) of the bay. Horizontal bars at the bot-
tom indicate periods in which the Kuroshio took
the large meander path.
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(a)  Time Series of Salinity at Sta. 29 (12-month R.M.)
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(b) Time Series of Salinity at Sta. 10 (12-month R.M.)
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Fig. 11.
data.

The same as Fig. 10 except for salinity

Time Series of Off-shore Distance of Kuroshio Path from Daiouzaki
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Fig. 12. Time series of off-shore distance of the

Kuroshio path from Daiozaki. The 12-month and
60-month running means are depicted by thin and
thick lines, respectively. Horizontal bars at the
bottom indicate the periods when the Kuroshio
took the large meander path.
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(@ Time Series of Temp. & Off-shore Distance
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(b) Time Series of Temp. & Off-shore Distance
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Fig. 13. Time series of temperature (a): in the
near-surface layer (10 m) and (b): in the subsur-
face layer (200 m) at the stations south of bay
(Sta. 10: thick solid) and in the bay {Sta. 29: thin
solid), together with that of the off-shore distance
of the Kuroshio path from Daiozaki (broken line).
They are all low-pass filtered by 60-month running
means. Values of correlation coeflicients between
the temperature or salinity and the off-shore dis-
tance are also depicted at the upper-right corner.

34.6 Time Series of Salinity at 10m (60-mo. RM) [—=Sta.10
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Fig. 14. Time series of salinity in the near-surface
layer (10 m) at stations outside of the bay (Sta. 10:
thick solid), near the bay mouth (Sta. 18: dashed),
and the western part (Sta. 25: dotted) and inside
(Sta. 29: thin solid) of the bay. They are all low-
pass filtered by 60-month running means.
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Fig. 15. Time series of salinity in the subsurface
layer (200 m) at the station south of bay (Sta. 10)
(solid line), together with that of the off-shore dis-
tance of the Kuroshio path from Daiozaki (broken
line). Both are low-pass filtered by 60-month run-
ning means.
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Fig. 16. Time series of precipitation at Shizuoka
(solid line) and salinity in the near-surface layer
inside of the bay (Sta. 25) (broken line). Both
are low-pass filtered by 60-month running means.
Values of correlation coeflicients between them are
also depicted at the lower-right corner.
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Long-term Variability of Upper Oceanic Condition
in Suruga Bay and its Surrounding Area

Kunio Kutsuwada!, Masahiro Tanikawal, Yoshitsugu Hagiwara!, Takaaki Katsumata**

Abstract

Observational data along the regular sections in last 40 years (1965~2004)
which have been performed by the Shizuoka Prefectural Fisheries Experiment
Station were used to analyze long-term variabilities of temperature and salinity
fields in the upper ocean layer of Suruga Bay and its surrounding area. Inter-
annual variability of the temperature field showed (1) high amplitude in the
subsurface layer of areas near the bay mouth and outside of the bay, by charac-
terized as warming in the last half of 1970s, and (2) the amplitude was eminent
in the near-surface layer inside of the bay by warming since the last half of
1990s. The former change had high correlation with off-shore distance of the
Kuroshio axis from Daiozaki, possibly because it is controlled by open oceanic
condition. Similar interannual change was also found in the salinity field of the
subsurface layer in the same region, and thus the subsurface temperature and
salinity became both higher when the Kuroshio had taken a large meander path.
We detected a long-term salinity change which is dominant in the near-surface
layer. This had a significant correlation with the lag of a half year with the
precipitation change at Shizuoka, by suggesting the importance of freshwater
flux through the sea surface or volume flux change from rivers.

Key words: Suruga Bay, Long-term variation, upper ocean layer
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