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Abstract: Intensive field observation on the behavior of high turbidity water outflow from Tokyo
Bay was carried out in the summer of 1989. High turbidity water intermittently flowed out from the
shelf of Tokyo Bay and it sank onto the shelf slope with a speed of about 40m/day. The sinking of
high turbidity water onto the shelf slope may be due to the decrease of vertical turbulence above
shelf slope. Such intermittent outflow of high turbidity water from Tokyo Bay plays very important
role in the material transport from the costal sea to the open sea.

1. Introduction

It is well known that particles play very
important role in the material transport in the
coastal sea (e.g. SakaMoro, 1985; YANAGI,
1990). Particles in the coastal sea form the
high turbidity water (which is reffered to as
H. T. W. in this paper) being defined as the
water with low beam-transmittancy. Kawana
and Tanmoro (1984) revealed the charac-
teristics of bottom H. T. W. in the Seto Inland
Sea and MaTsuikE et al. (1986) observed that
H. T. W.in Tokyo Bay flowed out through the
upper layer near Futtsu Point in summer. On
the other hand, Yanaci ef al. (1989a) revealed
that H. T. W in the surface layer of Tokyo Bay
flowed out into the sub-surface layer of the
slope water in winter due to the thermohaline
front which is generated at the mouth of
Tokyo Bay. Yanaci et al. (1989b) also rev-
ealed that H. T. W. in the surface layer and in
the bottom layer of Tokyo Bay flowed out
into the surface layer and the intermediate
layer of slope water, respectively, when the
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Kuroshio front approaches to the coast in
summer. However, the detailed behavior of H.
T.W. after it flows out into the slope water is
not clarified yet.

In this paper, we will reveal the detailed
behavior of H. T. W. in the slope water at the
mouth of Tokyo Bay in summer from the
intensive field observation.

2. Field observation
Intensive field observation was carried out
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Fig. 1. Observation stations by R.V. Tansei-
Maru in Tokyo Bay. Broken line represents
the depth contour and numbers show the
depth in meters. Arrows show the decided
direction for steaming the sea route.



46 La mer 29, 1991

at the mouth of Tokyo Bay (Fig. 1) by R. V.
Tansei-Maru of the Ocean Research Institute,
University of Tokyo, from 25 to 26 August
1989. The observation is limited to the wes-
tern part of the bay mouth in Tokyo Bay
because the eastern part is too shallow for the
vessel to enter and the central part is occup-
ied by a sea route and it is therefore prohibi-
ted to carry out a detailed observation by
traffic regulation.

The vertical profiles of water temperature,
salinity, dissolved oxygen, and beam-
transmittance (light-pass of 1 m with the
wave length of 486 nm) were observed as
quickly as possible with the use of the OC-
TOPUS system (IsHiMARU et al., 1984). The
OCTOPUS observations were carried out
twice at all stations in the same manner on 25
and 26 August in 1989 (moon age is 23.5 and
24.5, respectively; neap tide) in order to
detect the day-to-day variation in H. T. W. in
the slope water. The observations were car-
ried out from 6:30 in the morning till 17:30 in
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the evening on both days. The flood tidal
current appears from the morning till about
16:00 and the ebb tidal current appears in the
evening on both days.

3. Results

Figure 2 shows the day-to-day variations in
vertical distributions of water temperature,
salinity and density around the mouth of
Tokyo Bay from 25 to 26 August in 1989.
The moderate-mixed estuary type of density
stratification was developed and there was no
remarkable change in distributions of water
temperature and density on both days. There
was a little difference in the vertical distri-
butions of salinity, i.e. the spreading of coastal
(salinity is lower than 31) surface water with
the thickness of about 20 m from the inner
bay to Sta.S7 and the intrusion of salty (sa-
linity is more than 34) bottom water with the
thickness of about 10 m from the shelf slope
to the inner bay on 26 August. Such change
in the vertical distribution of salinity sug-
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Fig. 2. Day-to-day variation in vertical distributions of water temperature, salinity
and density at the mouth of Tokyo Bay from 25 to 26 August 1989.
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gests that the vertical estuarine circulation
developed from 25 to 26 August.

Figure 3 shows the day-to-day variation in
vertical distribution of transmittancy around
the mouth of Tokyo Bay from 25 to 26
August in 1989. The contour line of 20% in
the surface layer spreads from Sta.S8 to all
the observed area and that of 50% in the
bottom layer from Sta.S7 to the middle point
between Sta.S5 and Sta.S6 from 25 to 26
August. On the other hand, H. T. W. whose
transmittancy is lower than 55% flows out
into to subsurface layer (25m depth) above
the shelf slope at Stas C4-C11 like a nose with

the thickness of about 10m on 25 August.
The local minimum transmittancy exists at
65m depth like a nose with the thickness of
about 15m on 26 August. The dissolved and
particulate materials are said to be easily
spreading on the isopycnal surface. However,
the isopycnal surface on 26 August does not
change from that on 25 August from Fig. 2
while the vertical distributions of transmitt-
ancy drastically change on both days as
shown in Fig. 3.

The spreading of 20% contour line in the
serface layer and 50% one in the bottom layer
of Tokyo Bay shown in Fig. 3 may be due to
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Fig. 3. Day-to-day variation in vertical distribution of beam-transmittancy at the
mouth of Tokyo Bay from 25 to 26 August 1989.
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Fig. 4. Horizontal distributions of water
temperature, salinity, density, beam-
transmittancy and dissolved oxygen
at 25 m depth on 25 August (a) and
those at 65 m depth on 26 August
(b) in 1989.
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the development of vertical estuarine circu-
lation. On the other hand, the nose-like spr-
eading of 65 and 70% contour lines from 50 to
80m depth on 26 August shown in Fig. 3 may
coincide with that of 559 one from 20 to 30m
depth on 25 August. These results may
suggest that the outflowed H. T. W. at 25m
depth on 25 August sank downward at the
speed of 40m/day (4.6x10 2cm/sec) incre-
asing its beam-transmittancy and thickness
due to the mixing with the surrounding water
from 25 to 26 August.

The horizontal distribution of outflowed H.
T. W. at 25m depth on 25 August is shown in
Fig. 4(a) with those of water temperature,
salinity, density and dissolved oxygen. The
water with lower transmittancy is observed
along the north-western edge of the shelf
slope and this means that H. T. W. outflows
from Tokyo Bay with the coast to the right
hand. The horizontal distribution of lower
dissolved oxygen well coincides to that of
lower transmittancy and this suggests that
dissolved oxygen has been consumed to de-
compose the organic materials in H. T. W. In
the same way, the horizontal distribution of
sinking H. T. W. at 65m depth on 26 August is
shown in Fig. 4(b) with those of water tem-
perature, salinity, density and dissolved
oxygen. The water with lower transmittancy
is limited at the north-western edge of the shif
slope.

4. Discussions

The sinking speed of H. T. W. is decided by
the sinking speed of each particle and the
vertical turbulence. Figure 3 suggests that H.
T. W., which does not sink on the shelf, sinks
onto the shelf slope. This may be due to the
decrease of vertical turbulence above the
shelf slope because the sinking speed of each
particle does not chage. The difference of
vertical turbulence between the shelf and
above the shelf slope may be due to the dif-
ference of the tidal current velocity, which is
the primary origin of vertical turbulence at
the mouth of Tokyo Bay. The tidal current
and the vertical turbulence are large and the
resulting sinking speed of H. T. W. is small

above the shelf but those are small and the
resulting sinking speed of H. T. W. is large
above the shelf slope because the cross area of
slope is smaller than that of the shelf slope.

We will carry out the sediment trap exper-
iment to clarify quantitatively the behavior
of H. T. W. at the mouth of Tokyo Bay in the
near future.
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