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Behavior of high turbidity water outflow
from Tokyo Bay in summer*

Tetsuo Yanacr**, Shin-ichi Okapa***, Takashi IsuiMarU

and Toshiro SaiNo
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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

139°40" N 139°50' N

* {35°20'E

135°10'E

(kam)
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.
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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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Oceanic angular momentum estimated with a general
circulation model*

Chitose Ararkawa** and Kenzo Takano™*

Abstract: The oceanic angular momentum about the axis of the earth’s rotation is estimated by
using simulated velocity data from a world ocean circulation model. The Antarctic Circumpolar
Current is of primary importance in the annual average of the total angular momentum, but not so
in its annual variation. The oceanic angular momentum, either its annual average or annual range,
is much smaller than the atmospheric angular momentum.

The relative angular momentum M per nuit
volume about the axis of the earth’s rotation
is defined by

M=puacos¢, ¢y
where p is the water density, u the eastward
component of velocity, a the earth’s radius
and ¢ the latitude.

Equation (1) gives the total angular mo-
mentum if integrated vertically and horizon-
tally over the whole oceans. Since no obser-
vational data of u are available, simulated
data from a world ocean circulation modal are
used instead. Our world ocean circulation
model is described in other papers (ARAKAWA,
1990; Arakawa and Takano, 1991, in prepa-
ration), so that only its principal features are
presented here. The ocean extends from 70°S
to 70°N. Ice phase is ignored. The grid dis-
tance is 2° in longitude and latitude. Five
levels are set up in the vertical. The bottom
topography is approximated as realistically
as possible. The circulation is driven by a
prescribed surface wind stress and a surface
heat flux which is made proportional to the
difference between the predicted surface
water temperature and a prescribed reference
atmospheric temperature varying with lati-
tude, longitude and time. The salinity is as-
sumed to be a constant (35%,) everywhere.
The water density is calculated as a function
of temperature and pressure with the con-
stant salinity. The external forcing varies
with a period of one year.

The simulated result depends somewhat on

* Received August 16, 1991
** School of Environmental Sciences, University
of Tsukuba, Tsukuba, 305 Japan

parameter values such as coefficients of eddy
diffusion, reference atmospheric temperature,
constant of proportionality between the sur-
face heat flux and the difference (surface
temperature) — (reference atmospheric tem-
perature). Therefore, four cases are dealt
with as shown in Table 1, where k is the
coefficient of subgrid scale vertical diffusion,
A the coefficient of subgrid scale horizontal
diffusion for heat, and d the constant of pro-
portionality. The coefficient of horizontal
diffusion for momentum is 10°m?/s. The
reference atmospheric temperature in Cases
(3) and (4) is slightly different from that in
Cases (1) and (2).

Table 1. Parameter values.

Case k(10 *m%/s) A(10°m®/s) d(W/m’K)

(1) 0.3 1.0 60
(2) 1.0 1.0 60
(3) 1.0 1.0 30
4) 1.0 2.5 30

Figure 1 shows the annual variation of the
angular momentum. Agreement between
curves for the last one year and the second
last one year in Case (1) indicates that a
statistically steady state is almost reached. In
Case (4), too, two curves for the last two
years fairly well agree with each other. While
the results in the four cases are different in
magnitude, they range from 0.70 to 1.53x 10%®
kg m?/s. The annual range is 0.33, 0.40, 0.41,
0.35 X 10%kg m?/s in Cases (1) to (4) with a
maximum in June and a minimum in January.
While the atmospheric angular momentum is
not figured here, it is much larger in Novem-
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ANGULAR MOMENTUM (102 kg m2/s)

MONTH

Fig. 1. Annual variation of the total angular monentum in Cases (1) to (4). Curve
(1), (broken line) denotes the second last one year cycle and Curve (1), (full
line) the last one year cycle in Case (1). Curve (4), (full line) denotes the second
last one year cycle, and Curve (4), (broken line) the last one year cycle in Case

4.

ber-February than in June-September where
it is negative (westward). Its annual range is
about 10%°kg m?/s, more than 20 times larger
than the oceanic annual range (for example,
RoseN and SALSTEIN, 1983).

Figure 2 shows the meridional distribution
of the annual average of the angular mo-
mentum per zonal band two-degree wide by a
full line and the annual ranges by bars in Case
(1), and Fig.3 those in Case (3). There are no
significant differences between both cases, no
significant differences between the four cases,
either. The angular monentum is negative

(westward) at middle latitudes. Although the
equatorial currents flow westward near the
equator, deeper eastward currents make the
angular momentum eastward.

The baroclinic component of the velocity
has almost no contribution to the angular
momentum of vertical column. The Antarctic
Circumpolar Current (ACC) which is pre-
dominantly barotropic is a main contributor
to the angular momentum, though, compared
with the other currents, it flows near the axis
of the earth’s rotation.

Table 2 shows the annual average of ACC
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Fig. 2. Meridional distribution of the annual average in Case (1). Bars denote the

annual ranges.

transport defined by the transport through
the Drake Passage, its angular momentum
estimated by assuming that it is located at
55°S, and the annual average of the total
angular momentum of the world ocean. The
total angular momentum is closely related, in
magnitude, with the ACC transport and an-
gular momentum. The ACC angular mo-
mentum is a little greater than the total an-
gular momentum; the total of the angular
momentum at latitudes other than the ACC

latitudes almost vanishes or is slightly nega-
tive, as suggested in Figs. 2 and 3.

The ACC transport becomes maximum in
May and minimum in January in all the cases,
almost in phase with the total angular mo-
mentum shown in Fig. 1. However, the
annual range of the ACC angular momentum
is 0.067, 0.079, 0.138, 0.113x 10%kg m?/s in
Cases (1) to (4), respectively, which is much
smaller than that of the total angular mo-
mentum (0.33 to 0.41 X10% kg m?/s as men-

Table 2. Annual average of the ACC transport (sv) and angular momentum,
and the total angular momentum (10% kg m?/s)

Case ACC transport Angular momentum Total angular momentum
(1) 120.9 1.01 0.849
(2) 155.7 1.31 1.30
3 159.2 1.34 1.31
(4) 133.0 1.12 1.11
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Fig. 3. Same as Fig. 2 except for Case (3).

tioned above). This implies that the ACC is
not an important process in the annual vari-
ation of the total angular mometum, though it
is of crucial importance in the annual average.
The Arctic Ocean is not included in the
present study. The currents are basically
anticlockwise there, but would not increase
much the total angular momentum, because
they are not only so weak but also located
near the axis of the earth’s rotation.
Corresponding to a coarse grid used in the
model, the coefficient of the horizontal diffu-
sion for momentum is large, which weakens
the circulation. The angular momentum
might become a few times larger with a much

finer grid, but would still one order of mag-
nitude smaller than the atmospheric angular
momentum.

The oceanic angular momentum has no
significant effect on the earth’s rotation and
the length of day.
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Distribution of purine and pyrimidine bases in surface sediment

from Harima-Nada, the Seto Inland Sea, Japan™

Kuninao Tapa**, Shigeru MontaNT™** and Tomotoshi Okaicur™*

Abstract: Purine and pyrimidine bases in surface sediment collected from 35 stations in Harima-
nada, the Seto Inland Sea, were determined using high performance liquid chromatography. The
contents of purine and pyrimidine bases in surface sediment samples varied from 9.1 to 98.8 u g/
g. The contribution of nitrogen from the purine and pyrimidine bases to total organic nitrogen
in the surface sediment samples ranged from 0.5 to 1.8%. The contents of purine and pyrimidine
bases were higher at the central part and the northern and southern coastal areas than those at
other areas. Good correlations were found between the concentrations of purine and pyirimidine
bases and the concentrations of organic carbon, organic nitrogen, total phosphorus, and pheo-
pigments in the surface sediments, respectively. The results suggested that these bases are able
to be a good index of the standing stock of phytoplankton products in the eutrophic coastal shal-

low waters.
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Fig. 1. Location map of sampling stations in Harima-nada, the Seto Inland Sea.
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Fig. 2. Distribution map of purine and pyrimidine bases in surface sediments
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Fig. 3 Changes of purines and pyryimidines nitrogen relative to total organic
nitrogen, and changes of purine and pyrimidine bases contents and relative
abundance in surface sediments at North-South line (from St. 9 to St. 124)
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Fig. 4 Relative abundances of purines and pyrimidines in the surface sediments with
various concentrations.
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Fig. 5 (a) Correlation between Org-N and purines and pyrimidines
(b) Correlation between Org-C and purines and pyrimidines
(¢) Correlation between pheo-pigments and purines and pyrimidines
(d) Correlation between total phosphorus and purines and pyrimidines.
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Laplace @ Tidal equation
—continued fraction IT & 20N> WwWT —*

mHE MR - B ETT BB B

On the Laplace’s Tidal equation

—The convergence of solutions in the continued fraction method —*

Masao Koca™*, Nobuyuki Goro** and Akira MaTsusaima* *

Abstract: The continued fraction method for solution of Laplace’s tidal equation introduced by
Houcs is studied on a uniform convergence of the solution in the case of zonally symmetric oscil-
lations.
The following results are obtained:

1) The larger the angular frequency is, the more rapid the convergence of the solution
becomes.

2) The convergence is rapid in the case of the smallest oscillational mode towards the south.

3) The convergence is not so good in the case of oscillations with a small frequency and a large

mode towards the south. Therefore the good results will not be obtained.
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Table 1.

The table shows the results of computations by the method (a). Here,

shows that we could get good results.
to get satisfactory results. X shows that we could not get good resuits.
In the following tables, we use the same symbols.
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O

/\ shows that the convergence was slow
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Table 2. The table shows the results of computations by the method (b).

O: good, A: slow,

X: impossible.
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Table 3. The table shows the results of computations by the method (c).
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Characterization of water masses in the sea area around QOita
Prefecture with monthly observational data and remote

sensing data™
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Takashi Suimazaki** and Tadashi Mivazawa™®***

Abstract: Distribution of weter masses in the sea area around Oita Prefecture were investigated,
employing monthly observational data at 54 stations (1965-1988) and Landsat Multi Spectral
Scanner data (February 4, 1988). The averaged water temperature and salinity were used for
cluster analysis. Landsat digital data were combined with transparency measurements, one of
water quality parameters, and regression model was developed between them. The transparency
model obtained was then extended to the entire study area for mapping the spatial distribution
of water quality in the western Seto Inland Sea. The results of transparency map were complete-
ly consistent with those of cluster analysis on the water temperature and salinity; the sea area
around Oita Prefecture was subdivided into several subareas. A coastal front was observed off
the coast of Kunisaki Peninsula in the Iyo Nada. There was a isolated mixing zone in Hayasui
Strait, where water temperature, salinity, and transparency were approximately uniform due to
strong tidal currents. Beppu Bay was a semi-closed area, which was characterized by large sea-
sonal variations of water temperature and salinity.
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Underwater Sliding Vehicle System (USV)

OKRS X7 LIEEMNBHEHM > 2 —BROHE Towing Vessel/ .. -
WICk o> CRIRANE LA, W=
OUSV IZ/\BI » DER B THE & THEh /- 7KhiEEp

MEEBLTEYE T,
OBRBEREAREFEIZEICLUMEDLS
DUSVD AREBENHIEH RO ) PIL R 1 LES
TRV TEITOIZENTEET,
OMEBF—RIIFDRUV/N—KF 1+ X 7(CE8832 L
2REHRBNIBICHELE T,

Faired Cable

Electrode

L T~
Hydrodynamic Depressor
The USV system
41
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0 - 144° 40°E ! | ! | 144° 40°E
SECTION 1| s

38
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Depth

37

36

L
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TSAS 4 FXERRMAFICL > THESh-ZREFOKERE
SPECIFICATIONS RO T —Efk.

(BAEMERN 2 —Br S EHEMRMIEE E L L)

Towing Speed :0~B8knots

Operation Dapth:Max.400m Holizontal Distance(m)
Tow Cable :8mm hydrodynamically fared stainless steel U A N N B
wire rope with polyurethane coating

Sensor Range Accuracy 50

Conductivity 20~70ms +0.05ms T

Temperatune —2~35C +0.05C \;‘E: o

Depth 0~400dbar 0.5%FS 3
Data Transport :Inductive Coupling Data Communication System 150
Sempling Rate  :5times per second
Sensor Battery :50hours 20
Life Trajectory of the USV
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