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Tracer analysis by using micro—structure found in vertical
profiles of several quantities
— Application for detailed analysis of oceanic structure in the
vicinity of Cape Shionomisaki—

Yoichi MAEKAWAY, Toru NakaMurA”, Keiko NakazaTo", Takashi KOIKE?,
Junichi TAKEUCHT”, and Yutaka NAGATAY

Abstract : Detailed oceanic structure was investigated by setting dense observation network in
the sea near Cape Shionomisaki. A cold water eddy was observed just off the cape in April,
2009. The Kuroshio was located very near the tip of the cape, and was flowing eastwards in Oc-
tober, 2009. MAEKAWA et al. (2011) discussed the horizontal distribution of sea level height by
setting several reference levels. The sea level difference between Kushimoto and Uragami tide
gauge stations is shown to be created essentially in the narrow zone just off Cape
Shionomisaki. The sea level difference is related to the oceanic conditions in the surface layer
above 300 m depth. They showed that the usual water mass analysis is not applicable because
the correlation between temperature and salinity fields is not high enough. In this paper, we
used micro—structures found in the vertical profiles of dissolved oxygen, turbidity and chloro-
phyll a together with temperature and salinity profiles, as passive tracers. We concluded: (1)
maxima and/or minima found in profiles of dissolved oxygen in the layer shallow than 100m
depth have small horizontal extent, and these maxima and minima are found only near the
outer edge of the cold water belt. (2) water of high temperature, high salinity and high dis-
solved oxygen which was found in the depth range from 50 to 150m depth near station F7 in
April, 2009. This water was shown to be the Kuroshio Water, which had been brought into
Kumanonada area a few days before the observation, (3) observed area in October, 2009 is
classified into three sub—regions by vertical profiles of dissolved oxygen. The sub—region con-
sisted of relatively lowest oxygen values are found extends from coast to offshore. The offshore
margin of this sub—region is located is located more southward than the northern edge of the
current zone of the Kuroshio. This indicates that the coastal water is entrained into the flow
area of the Kuroshio in the area to the east of Cape Shionomisaki.

Keywords : Detailed oceanic structure in vicinity of Cape Shionomisaki, microstructure in ver-
tical profiles, dissolved oxygen
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Fig. 1. Standard distribution of observation points. Some observation points were omitted due to limitation
of available time. Real distributions of observation points in April 2009 and in October 2009 are shown
in horizontal distribution maps of temperature, salinity and so on. Line names are indicated with capi-
tals A, B, C, D, E and F from west to east. Station numbers are indicated with numbers 1 through 7
from coast to offshore. The small alphabets a through h indicate the position of tide gauge stations and
positions of town; a: the Kushimoto tide gauge station, b: Uragami tide gauge station, c: Cape
Shionomisaki, d: Ohshima Island, e: Katsuura, and f: Cape Esuzaki.
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Fig. 2. Horizontal distributions of temperature (upper figure) and salinity (lower figure) at 200m depth on
April 14-16, 2009. Isotherm is drawn at 0.5°C interval, and isohaline at 0.02interval. The black circles in
the upper figure indicate the observation points where micro—structure in vertical profile of dissolve
oxygen was found in the layer shallower than 100m depth. The black triangle indicates the observation
point where somewhat ambiguous micro-structure was found. The black circles in the lower figure in-
dicate the observation points where thick high oxygen layer is found in the range from 60m and 150m.
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Fig. 3. Vertical profiles of dissolved oxygen (upper left: ml/1), turbidity (upper middle: shown by beam at-
tenuation coefficient (660nm) in m "), chlorophyll a (upper right: # g/ml), temperature (lower left:
°C) and salinity (lower right) observed at station A3 on April 16, 2009.
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Fig. 4. Vertical profiles of dissolved oxygen at sta-
tions A3 (thick line) and B2 (thin line) on April
16, 2009.
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Fig. 5. Vertical profiles of dissolved oxygen at sta-
tions D2 (thick line) measured on April 15, 2009
and at F'2 (thin line) on April 14, 2009
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Fig. 6. Vertical profiles of dissolved oxygen (ml/D in
the central part of cold water eddy observed in
April, 2009. Stations A4 through A6, B3 through
B5, C3 through C5, and D5 and D6 are included in
this central part.
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Fig. 7. Vertical profiles of dissolved oxygen (ml/1) at stations E2 though E7 observed on April 15, 2009.
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Fig. 8. Vertical profiles of dissolved oxygen (ml/1) at stations F2 through F7, observed on April 14, 2009.
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Fig. 9. All of vertical profiles of dissolved oxygen

(ml/1) obtained during the observation in April,
2009. Solid curves indicate the profiles taken at
stations D3, E4 through E7 and F3 through F7,
and dotted lines indicate the profiles taken at
other stations.
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Fig. 10. Current velocity vectors measured with ADCP by the Mie Prefecture Fisheries Research Institute
on April 7-8, 2009. A northward intrusion of the Kuroshio water was found off Kumano—nada.
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Fig. 13. All of vertical profiles of dissolved oxygen
(ml/D obtained during the observation in Octo-
ber, 2009. Dotted curves indicate the profile
taken at stations B2, C2 through C4, D2 through
D5, E2 through E7, and F2 through F7, solid
curves indicate taken at stations A2 through AS,
B3 and B4, C5, and D6 and D7, and broken curves
indicate taken A6 and A7, B5 through B7, and C6
and CT7.
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Fig. 14. Three sub—regions classified by characteris-
tics of vertical profiles of dissolved oxygen
shown in Fig. 13. The stations where broken
curves are found are shown with black circles,
those solid curves found are with double circles,
and those dotted curves found are shown with
single circles. The northern boundary of strong
current zone of the Kuroshio deduced from tem-
perature field at 200m depth surface is shown
with a thick curve in figure.
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Fig. 15. Same as in Fig. 13, except for temperature
in C.
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Fig. 16. Same as in Fig. 13, except for salinity.
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Fig. 17. Vertical profiles of turbidity (upper left: shown by beam attenuation coefficient (660nm) in m "),
chlorophyll a (upper middle: z g/ml), dissolved oxygen (upper right: ml/1), temperature (lower left:
°C) and salinity (lower right) observed at station A3 on October 20, 2009.
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Fig. 18. Vertical profiles of chlorophyll a (upper left: # g/ml), turbidity (upper middle: shown by beam at-
tenuation coefficient (660nm) in m '), dissolved oxygen (upper right: ml/D), temperature (lower left:
°C) and salinity (lower right) observed at station C3 on April 16, 2009.
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