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Numerical modeling of density-driven current in Tokyo Bay

Ivonne M. RADJAWANE", Masaji MATSUYAMA ", Yujiro KITADE" and Toru Suzuki**

Abstract : Density-driven current induced by fresh water discharge from rivers in Tokyo Bay
was numerically investigated by multi-level model. The experiment was focused on the density
distribution and motion in the inner bay under the summer stratification by giving the
monthly mean discharge. The low density water from the river mouth spreads asymmetrically
in the surface layer of the basin by influence of Coriolis’ force and moves along the coast on its
right hand side with maximum velocity of 3-5 cm s, In the surface layer, the low density wa-
ter forms a coastal-trapped plume. The flow toward the river mouth is formed just beneath the
surface layer, and is very weak in comparison with the surface outward flow. The inflows may

be induced by the outward flow at the surface as the entrainment.

Key words : Tokyo Bay, three-dimensional model, density-driven current, river discharge, salinity
distribution, Coriolis effect, anticyclonic circulation

Introduction

Tokyo Bay is located at the central part of
the main island of Japan, facing to the Pacific
Ocean (Fig. 1). The bay is separated in two
parts, i.e, the inner and outer bays. The mean
depth, bay length and width of the inner bay
are 18 m, 80 km and 20-30 km, respectively.

The surface circulation consists of wind-
driven, density-driven and tide-induced resid-
val currents (UNoOKI, 1993). The tide-induced
residual current is not significant except the
eastern area near the connection between the
inner and outer bays. This is already clarified
by the observation (UNOKI et al., 1980) and nu-
merical modeling (e.g., IKEDA et al., 1981; Guo
and YANAGL 1994). The existence of wind-
driven current was indicated by the moored
current measurements(Hasunuma, 1979; UNOK],
1985). Suzuki and MATSUYAMA (2000) indicated
that the main results of the observation at
moored stations are simulated as the wind-
driven current by using a three-dimensional
model. They showed the importance of
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baroclinic response to the wind in the northern
region of the stratified Tokyo Bay. On the
other hand, FUIIWARA et al. (1997) showed that
the anticyclonic circulation in the upper layer
is formed near bay head of rectangular bay by
freshwater discharge, and they suggested the
importance of density-driven current in the
surface circulation near the bay head. They ex-
plained an anticyclonic circulation in the upper
layer to be caused by horizontal divergence as-
sociated with upward entrainment, which is a
part of the estuarine circulation and means the
importance of stratification by earth’s rotation.
We wonder how mechanism of the strong up-
ward entrainment is induced by the weak dis-
charged flow. Their study didn’'t sufficiently
evaluate contribution of density-driven current
due to river discharge to residual current.
Therefore, the study of density-driven current
induced by the river discharge in Tokyo Bay is
required to understand the residual current,
which advects various properties from the bay
to the open sea.

In the present study, we try to investigate
the density current induced by the discharged
water from the rivers in Tokyo Bay, using the
three-dimensional numerical model. We focus
on the behavior and structure of low density
water around the estuary.
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Fig. 1. Bottom topography of Tokyo Bay and location of the observation sites in Tokyo Bay. Numer-
als on bottom contours are in meters. Station K is the CTD station of Kanagawa Prefectural
Fisheries Research Institute. The filled circles with station numbers indicate the CTD stations
of the 3" Regional Coast Guard Headquarters, Japan Coast Guard.

River discharge in Tokyo Bay

The data of river discharge are mostly ob-
served at the mouth of each river. We need the
data of river discharge for the boundary condi-
tion of the numerical modeling as forcing. The
discharge data at main four rivers, i.e., Edo,
Ara, Tama and Tsurumi Rivers, are used for ex-
periments. In this study, we focus on the low
salinity water at the sea surface along the west-
ern coast of Tokyo Bay in August. Figure 2
shows the daily-mean discharge volume of
each river and total discharge volume during
the period from August 1 to 31, 1995, from the
“Report of River Discharge Data 1995”. The
largest discharge volume was Edo River, and
the smallest was Tsurumi River. The monthly

mean of total volume discharged into Tokyo
Bay was 110 m® ™", and it ranged from 75 m?®s !
to 250 m¥ ! in this period. Based on Annual Re-
port on River Discharge data in Japan in 1979,
Guo and YANAGI (1998) used the total freshwa-
ter volume of 130 m®s™!, ie, Edo River, Ara
River, Tama River and Tsurumi River are 70,
30, 20 and 10 m? ', respectively.

Model description

We consider a stratified, rotating, incom-
pressible fluid, and use a rectangular co-
ordinate system on an f-plane. Figure 3 shows
the model configuration of Tokyo Bay. The z,y,
and z-axes are taken in southeastward, north-
eastward and vertically upward from the mean
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Fig. 2. Daily- mean river discharged volume of main rivers in Tokyo Bay during August 1995.

sea-surface level, respectively. The basic equa-
tions are as follows;

iVt wit+ flex i = — £0V0+A,1V112+/l,dzz
09 = —Pp-
Veatw, =0
p1+[¢'V,0+wpz:Ksz+%pzz

where @ is the horizontal velocity vector
(u,v), w the vertical velocity, V the horizontal
gradient operator, V* the Laplacian operator, f
the Coriolis’ parameter, k unit vector of vertical
axis, po the reference density, p the density, p
the pressure and ¢ the gravitational accelera-
tion. A, A, K, and K, are the coefficients of
the horizontal and vertical eddy viscosity and
the coefficients of the horizontal and vertical
diffusivity, respectively. The symbol & is the
instantaneous convective adjustment parame-
ter and is used to maintain a stable stratifica-
tion in the model (SUGINOHARA, 1982). Tt is
defined as follows:

1 for %go
5:
Ea
0 for 6Z>O

A non-slip and no normal density flux condi-
tions are adopted at the coastal boundary as
follows:
u=0,

0o _

on =0,

where n denotes the normal component to
the coast. The bottom boundary conditions are
adopted as follows:

0o _
ik

Ay(%, %) - CbUH(uB, UB)

where Uy = yuj+vi is the current speed, with
us and vs the velocity components just above
the sea bottom in the z and y directions, respec-
tively, and C, is the coefficient of bottom fric-
tion. At the sea surface (z=7), no wind stress is
given.

An Orlanski Radiation Condition (ORLANSKI,
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Fig. 3. Schematic view of the model. Numerals on bottom contours are in meters. The sponge region

(SR) is imposed at 0<y<{12km and the arca is drawn by the dotted lines. The filled circle in-
dicates the mouth of the main river. Dashed lines (A-A’ and B-B’) are used for model cross

sections.

1976) is imposed to velocity components, u, v
and elevation of sea surface  at the bay mouth,
ie., the southern boundary at y =0.

where
= I%%/% if 0< 1%/%2%
0o i Fe/E<o

where 4t and 4y are a time step and grid size
of y-direction, respectively. Moreover the

sponge region of 12 km length from the bay
mouth is added. Within this region the bottom
friction coefficient is exponentially increased
from its interior value to four times that value
at the open boundary (RgeD and COOPER, 1987).

The basic density stratification is given in
Fig. 4 as a representative one in summer. The
data were obtained at Stn. K (Fig. 1) by
Kanagawa Prefectural Fisheries Research Insti-
tute on August 6, 1979. The observed density
stratification from the sea surface to 30m depth
is used in this model. The density beneath 31m
depth is assumed as uniform, and it is the same
value as that at 30m depth. Density of
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Fig. 4. Basic density (o,) stratification at the hydro—cast station observed by Kanagawa Prefectural
Fisheries Research Institute on August 16, 1979.

Table 1. Discharge volume (m’s™") of each river used in the model.

Riber Name Case 1 Case 2
7 (typical case)  (flood casezi

Edo River 70 200
Ara River 30 70
Tama River 20 40
Tsurumi River 10 15

Total 130 325

freshwater at each river mouth is assumed as depth.

1.0100 g cm %, while the ambient density at the
sea surface is 1.0192 g cm™*. Two cases of the
numerical experiments were performed;(1)
Case 1 is the typical volume of discharge water
in summer, and (2) Case 2 is the flood case (Ta-
ble 1). Water in the whole bay is at rest ini-
tially. To avoid the initial shock waves, the
river velocity is gradually increased in two
hours from zero to the given value. The hori-
zontal grid size is 1km and vertical grid is 1m
from the sea surface to 31m depth. The bottom
layer is taken from 31m to the sea bottom in
the model. Time step is 10 seconds. To get well-
established plume shape, the model is running
for 12 days. For computational efficiency, the
maximum water depth is limited by 100m

The following values are used for numerical
computations; f=844X10°5 s ' (at 3565°N), g
=980 cm s *and p,= 1.0000g cm . The follow-
ing coefficients for the calculation are based on
the previous numerical studies (SUGINOHARA
1982; Suzukt and MATSUYAMA, 2000); A, = 1.0
X 10°cm*s™, A, =1.0cm*s™!, K, =1.0 X10° cm?
s, K, =10cm*s 'and C, =2.6X107% The ba-
sic equations are numerically solved by a semi-
implicit finite-difference method using a non-
staggered Arakawa-C grid.

Results

Figure 5 shows the distributions of horizon-
tal current vector and density at 0.5m depth
from 0.5 day to 12days after the initial state. At
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Fig. 5. Evolution of density and velocity distributions at 0.5 m depth after 0.5, 1, and 2 days (upper
panel), after 4, 5 and 6 days (middle panel), and after 10, 11 and 12 days (lower panel) from
initial stage for Case 1 (typical case). Isopycnal interval is o, of 1.0.

0.5 and 1day, low density water can be found in
the limited region near the mouth of the Edo,
Ara and Tama rivers. At 2 days, the low den-
sity region is clearly formed near the mouth of
the rivers, and the contour lines mostly form
the semicircle plume. The low density region
slightly extends toward the bay mouth. At 4,5
and 6 days, the low density region still grows
in horizontal and slightly extends along the

western coast. The current vector has a right
angle with the density contours near the river
mouth, while it diagonally crosses the contours
in the offshore region. Maximum velocity is 3
-5 cm s7' and it is not so large. These current
patterns show almost steady state at 6 days ex-
cept near boundary between the low density
water and bay water, but the density contour
lines slowly extend toward the east and south
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Fig. 6. Horizontal distribution current and density at 0.5m (upper) and 7.5m (middle) depths after
12 days. Isopycnal interval is as follows: st of 1.0 for st<(19.00 and st of 0.025 for 0.>>19.00.

even at 12 days. The low density water moves
toward the bay mouth along the western coast.
The large cells are formed near the river mouth
and both cells have nature of the clockwise cir-
culation. The high pressure, i.e., high sea level
region is formed by the river discharge as indi-
cated by the hydraulic model experiments
(MICHIDA, 1983; KITAMURA and NAGATA, 1983).
Figure 6 shows the horizontal distributions
of velocity and density at two depths for the in-
ner bay at 12 days. Two depths of 0.bm and
75m are selected as the representative of the
surface and middle layers, respectively, to de-
scribe the current and density patterns. In the
surface layer, the current direction is south-
ward along the western coast following the
geometric shape of the bay. Maximum velocity
is found nearby the river mouth in the western
part of the bay. The low density water flows
out in the surface layer near the river mouths,
and low density region is formed along the
western coast. In the middle layer, the current

vector direction is toward the bay head be-
neath the outward flow. This inward current
may be induced by the outward flow in the sur-
face layer. But this inward current is very
weak in comparison with the surface outward
one. The density in the middle layer is slightly
higher near the mouth of the rivers than other
region, suggesting existence of upwelling asso-
ciated with entrainment.

Figure 7 shows the vertical sections of den-
sily, cross-bay and along-bay components of
current across the bay at y = 38km (A-A’ sec-
tion shown in Fig. 3) after 12 days from the ini-
tial stage. The section is selected as the
representative one to observe the density cur-
rent affected by the Edo River, Ara River and
Tama River. The density contour lines above
5m depth rise up from the west to the east in
the bay. Below this depth, the contour lines are
almost in horizontal. The contour lines of 0. =
19 and below this value outcrop at the sea sur-
face in the region between the west coast and
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rent (¢) after 12 days. Contour intervals are o, of 0.5 for density distribution, 0.25 cm s™' for
cross—bay current and 0.5 cm s™' for along-bay current. Negative and positive velocity indi-
cates outflow and inflow direction, respectively.
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Fig. 8. Same as Fig. 7, but for the section along B-B’ line.

center in the bay, that is, the weak density
front is formed at the edge of the plume. The
horizontal scale of the plume is 5-10 km, longer
than the internal radius of deformation of 2-4
km (Suzukt and MATSUYAMA, 2000). In the sur-
face layer with about 3m thickness, the current
is directed to the bay mouth. The strong cur-
rent is found inside the plume.

Figure 8 shows the cross section at y = 53
km (Section B-B’ shown in Fig. 3), which is lo-
cated 2 km from Ara River at the bay head. The
contour lines of the low density water cover

wide region at the sea surface. The lines of
lower density than ¢,=18.0 concentrate in the
narrow region of the west coast. The region of
eastward flows in the surface layer mostly
agrees with that of the lower density water.
The core of southward flow toward the bay
mouth exists center of the bay off the low den-
sity water and the southward current takes to-
gether with weak westward component. This
southward or south-southwestward current
near the central region is induced by the dis-
charge from Edo River. The frontal structure is
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Fig. 9. Density and current distributions near the sea surface after 4, 5 and 6 days for Case 2 (flood

case). Isopycnal interval is g, of 1.0.

clearly formed near the mouth of Ara River.

Figure 9 shows the current and density dis-
tributions at 4, 5 and 6 days for Case 2 (flood
case). The low density water spreads faster
and occupies wider region in comparison with
that for Case 1 (typical case), but their patterns
are not different from each other. Maximum
velocity is also found near the mouth of rivers
and its value is about 10 cm s\

The results of numerical experiments using
three-dimensional model are summarized as
follows. The low density water formed by the
river discharge distributes around and off the
river mouth in the surface layer along the
western coast of the bay in summer. This water
flows toward the bay mouth with speed of 3-5
cm s~ 'in the upper layer for monthly mean dis-
charge, while the inward flows exist just be-
neath the very weak outward flows for the
compensation. We suppose that the current is
not easy to be detected by the current measure-
ments at the moored station because of the
weak velocity, but the salinity distribution of-
fers the density current pattern.

Discussion

The density-driven current induced by the
river discharge is found along the western
coast of Tokyo Bay. The low density region in
the surface layer is firstly formed in estuary,
i.e., off the mouth of rivers and progresses to-
ward the bay mouth along the western coast
(Fig. 5). Such features are similar to the

behavior of the discharged high temperature
water in the coastal area from the power plant
(Marsuno and NAGATA, 1987). The pressure
gradient balances to the Coriolis force in the
offshore direction, so the low density water
progresses along the coast on the right hand
side in northern hemisphere for conservation
of potential vorticity (e.g., GRIFFITHS, 1986).
Figure 10 shows the vertical section of the sa-
linity distribution near the bay head on August
7, 1995, observed by the 3rd Regional Coast
Guard Headquarters, Japan Coast Guard. The
location of the observation is shown in Fig. 1.
The observation line is not taken cross the bay,
but is diagonal to the bay axis, i.e, along the
latitude line. Although it was the coarse inter-
val from station to station for the observation,
the numerical model results (Fig. 8) is similar
to the observational ones except for small sa-
linity variation in the eastern side.

Figure 11 shows the salinity distribution at
1m depth in August 7 to 8, 1995, observed by
the 3rd Regional Coast Guard Headquarters, Ja-
pan Coast Guard, as well. The temperature dis-
tribution at the sea surface is not so large
difference in the inner bay in summer. The sa-
linity distribution agrees with the density one
in the surface layer. The low salinity is found
near the mouth of main three rivers along the
western side of the bay. The observational re-
sult closely resembles the numerical one ex-
cept near the mouth of Ara River (Fig. 5 and
Fig. 9). In Fig. 11, the lowest salinity region is
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Fig. 10. Vertical distribution of salinity along latitude line at station number 4, 5 and 6 (sec Fig. 1)
in Tokyo Bay on August 7 to 8, 1995 (after the 3" Regional Coast Guard Headquarters, Japan

Coast Guard).

found off the mouth of Ara River, but not off
the mouth of Edo River (Fig. 5). As shown in
Fig. 2, Edo River is the largest discharge of the
fresh water among the four main rivers, so that
the numerical experiments (Fig. 5) shows the
low density distributions off the mouth of Edo
River. What is reason of the different distribu-
tions between observational and numerical re-
sults? The observational results are not only
affected by the river discharge but also by
wind and tide, while the numerical results are
affected only by the river discharge. Suzuki
and MaTsuvyama (2000) indicated the impor-
tant role of the wind-driven current in the in-
ner bay of Tokyo Bay in summer. So, we
investigate the wind data at Chiba in August
1995 because tide-induced residual current is
not so significant near the bay head. Figure 12
shows the time series of wind vector at Chiba
(AMeDAS). The westward wind blows from
the morning of August 4 to the afternoon of
August 6 and wind direction changes toward
southeast after this period. Except about 6
hours in early morning of August 7, the

southeastward wind continues during 4-5 days.
This wind blows the parallel to the bay head
coast, so it is possible to generate an outward
Ekman transport. The surface water near the
bay head may be moved toward the offshore.
This surface water movement may give the ex-
planation for the disappearance of the low sa-
linity water off the mouth of Edo River in the
observation.

The numerical experiments also supply a sig-
nificant feature in the density-driven current
induced by the river discharge into Tokyo Bay.
It is an upwelling generated by the entr-
ainment of the lower layer water due to the
surface outflow. As expected, the inward flow
of the lower layer is very weak. The anticy-
clonic circulation around the river mouth is
closely related to the high-pressure region at
the sea surface generated by the outflow from
rivers. The anticyclonic circulation induces the
upwelling in the middle layer. The high den-
sity water was found in the middle layer near
the river mouth, suggesting the upwelling as-
sociated with the entrainment (Fig. 6). The
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Fig. 11. Horizontal distribution of salinity at Im depth on August 7 to 8,1995 in Tokyo Bay (after the
3 Regional Coast Guard Headquarters, Japan Coast Guard).

detailed discussion will be required to clarify
the local upwelling near the mouth by using a
simple model.

Summary
The density-driven current is examined as

the behavior and structure of the low density
water discharged from the rivers, using the
three-dimensional numerical model. The low
density water spreads in the surface layer from
river mouth to the inner bay and makes the
anticyclonic circulation after 2-4 days from the
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Fig. 12. Time series of wind vectors at Chiba AMeDAS Station during August 3-12, 1995. Two thick
arrows indicate the observation time of data sampling of salinity and temperature as shown

in Fig. 10 and Fig. 11.

initial state for the mean volume of river dis-
charge. After this time, the water moves to-
ward the bay mouth along the western coast
with maximum velocity of 3-5 cm s~ . The flow
toward the river mouth is formed just beneath
the surface layer, and is very weak in compari-
son with the surface outward flow. The inflows
may be induced by the outward flow at the sur-
face as the entrainment.

The density distribution calculated from the
numerical experiments almost resembles the
observed salinity distribution at the surface
layer along the western coast of the bay except
near the mouth of Ara River. Therefore the
three-dimensional model is suitable to clarify
salinity and temperature distribution in detail
for fresh water injection from rivers and power
plant. Guo and YANAGI (1998) and TANAKA ef
al. (1998) studied the residual current in the
stratified Tokyo Bay by the three-dimensional
model. Both papers included all factors such as
wind, tide and river discharge in the model, so
that the numerical model did not effectively
extract the characteristics of density-driven
current. The detailed numerical study is re-
quired to comprehend an individual phenome-
non, ie, wind-driven current, density-driven
current and tidal current.
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Seasonal variation of water characteristics
in the northern coastal area of Java

Suhendar I SACHOEMAR* and Tetsuo YANAGI™”

Abstract : Seasonal variation of water characteristics in the northern coastal area of Java was
investigated to understand the causal factors of its variability and to evaluate the water quality
status in the future within this region. Water temperature, salinity and density in the northern
coastal area of Java Sea seasonally varied corresponding to the monsoon. Water temperature in
January (wet season)was lower than that in September(dry season) as well as for salinity and
density. Nutrient concentration was influenced by discharge of the local river and local coastal
topography and was also affected by surface current corresponding to the monsoon. Phosphate
was high in January at the central part and in September at the western part. Silicate was high
in January at the eastern part and in September at the western part as well as for nitrate.
Redfield ratio in the whole part of the northern coastal area of Java was lower than 16 and ni-
trate may act as the limiting factor for the primary production within this region. Chlorophyll-
a was high in January at the central and western parts of Java due to large supply of nutrients
by river discharge. Whilc in the eastern part of Java, high conecentration of chlorophyll-¢ in
September was due to the nutrients supply from the eastern region of Indonesia by surface cur-

rent.

Key words : seasonal variation, water characteristics, northern coastal area of Java

1. Introduction

Shince more than 2 decades ago, the north-
ern coastal area of Java has been developed as
the most important area for the economical
growth in the Java Island. The rapid develop-
ment of the agriculture activities such as rice
field, shrimp culture as well as the industrial
and housing estate within this area are sus-
pected to have caused some negative excess on
the degradation of the environmental condi-
tion (ONGKOSONO et al, 1990; ONGKOSONO, 1992;
PRASENO, 1995; NURDJANA, 1997). The apprecia-
ble pollution and waste deposition from those
activities that are carried by river discharges,
ultimately cause the water quality deteriora-
tion in the coastal sea within this region.

To conserve this area for sustainable utiliza-
tion in the future and to select the area for suit-
able activities, an observation of water

* Interdisciplinary Graduate School of Engineering
Sciences, Kyushu University, Fukuoka, Japan
** Research Institute for Applied Mechanics, Kyushu
University, Fukuoka, Japan

characteristic along the coastal area of Java is
necessary to be established in order to under-
stand the water quality status as a basic knowl-
edge on the regional planning. To achieve such
objective, since 1979-1981, the Ministry of the
Environmmental Affair, Indonesia has collabo-
rated with The Research Institute for Oceano-
graphy-LIPI to collect the numerous data of
physical, chemical and biological oceanogra-
phy as a basic information to develop various
kind activities on the basis of water quality
status. Since the seasonal change has trong af-
fected on the performance of the agricultural
production, e.g. for shrimp culture (SACHOEMAR
and YaNAGL 1999), the information of water
quality status corresponding to the seasonal
variation becomes important to provide a
proper management and planning of shrimp
culture activity. Currently, however, there is al-
most no information on the water quality
status corresponding to the seasonal variation
along the northern coastal area of Java, except
partially on the small area with limited data in
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Fig. 1. Maps showing the study area. Bathymetry (meter) and sampling points arc inserted. The
symbols (A) denotes Citarum river, (B) Serang river and (+) industrial area in the northern

coast of Java.

the certain season (ROHILAN, 1992; PRASENO and
ADNAN, 1996; PUTRI et al, 1999). While a basic
knowledge is required to recover the deterio-
rated water quality due to the excessive pollu-
tion during the intense utilization in a long
period toward the initial status when the high-
est production of shrimp was achieved. Hence,
the review of water characteristic of the north-
ern coastal area of Java corresponding to the
seasonal variation is to be necessary to com-
plete the lack information of the water quality
within this region. This information is hoped to
be an important information to evaluate the
water quality status in the present time for the
future sustainable utilization and to under-
stand the causal factors of water quality vari-
ability within this region.

2. Data collection and analysis

A series of hpysical, chemical and biological
data in January (northwest monsoon) and Sep-
tember (shoutheast monsoon) 1979-1981 were

obtained [rom The Research Institute for
Oceanography-LIPI  (Lembaga Oceanologi
Nashional-LIP], 1980 and 1981) to study a sea-
sonal variation of water characteristics within
this region. Horizontal and vertical data were
collected from the study area of 7 regions of
western Java (Sta. 1, Sta. 2 and Sta. 3), central
Java (Sta. 4 and Sta. 5) and eastern Java (Sta.
6 and Sta. 7) in the northern coastal area of
Java (Fig. 1).

Water temperature of the surface, 5m, 10m
and 20m depth were measured by thermome-
ter, salinity by Portable Inductive Salinometer
model RS-7C. While phosphate, nitrate and sili-
cate were analyzed by spectrophotometric
method using Spectronic 20 and 21 of Bausch
and Lamb, Germany, with wave length of 885
nm for phosphate, 543 nm for nitrate and 810
nm for silicate (STRICKLAND and PARSON, 1968).
Dissolved oxygen was measured by Winkler
method (U. S. Navy Hydrographic office, 1959)
and chlorophylle by spectrophotometric
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Fig. 2. Horizontal and vertical distributions of water temperature (°C), salinity (psuw) and density
(sigma-t) in the northern coastal area of Java in January and September 1981.

method using Spectronic 21 model UV-M with
wave length of 750, 665, 645 and 630 nm (PAgr-
SON and STRICKLAND, 1963). To support this
study, air temperature at the observation sta-
tions and a series of meteorological data of so-
lar  radiation, rainfall, humidity and
evaporation at Jakarta derived from 1930—1961
were also collected from Meteorological
Agency of Indonesia.

3. Results

Horizontal and vertical distributions of wa-
ter temperature, salinity and density (sigma-t)
in January (northwest monsoon) and Septem-
ber (southeast monsoon) 1981 are shown in
Fig. 2. Water temperature in January was lower
than that in September. Water temperature in

January was within 27.2-28.2°C with stratified
distribution at Sta. 4 of the central part and
mixing in the western and eastern parts of
Java. In September, water temperature was
within 28.6-29.3°C with vertical mixing in the
whole area. Salinity and density in January
were relatively lower than those in September,
especially for the surface layer of Sta. 2 in the
western part of Java. Salinity and density in
January were within 28.7-33.1 psu and 17.8-21.7,
respectively, with stratified distribution at Sta.
2 of the western part and vertical mixing in the
central and eastern parts of Java. In September
salinity and density were within 32.6-33.9 psu
and 20.2-21.3, respectively, with vertical mixing
condition in the whole area.

Horizontal and vertical distributions of
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Fig. 3. Horizontal and vertical distributions of phosphate ( £ M), nitrate ( M), silicate ( # M) and
N/P-Ratio in the northern coastal area of Java in January and September 1981.

phosphate, nitrate and silicate in January and
September 1981 are shown in Fig. 3. Phosphate
concentration in January was relatively lower
than that in September in the western part and
at Sta. 6 of the eastern part. Phoshate concen-
tration in January was within 0.04-0.47 # M and
stratified at Stas. 1 and 2 of the western part
and at Sta. 4 of the central part. In September,
phosphate concentration was within 0.13-0.68
#M and stratified at Sta. 1 of the western part.

Nitrate concentration in January was lower
than that in September, especially at Sta. 1 of
the western part. Nitrate concentration in
January was within 0.14-1.14 M with vertical
mixing condition in the whole area. In Septem-
ber, nitrate concentration was within 0.52-11.00
©# M with stratified condition at Sta. 1 of the
western part.

Silicate concentration in the western part in
January was lower than that in September,
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except for the surface layer of Sta. 2. While at
Sta. 6 of the eastern part, silicate was relatively
higher in January than that in September. Sili-
cate concentration was within 1.21-14.54 £ M in
January and stratified at Sta. 2 of the western
part and Sta. 6 of the eastern part. In Septem-
ber, silicate concentration was within 4.46-12.93
# M and stratified at Stas. 1 and 3 of the

western part and Sta. b of the central part.

Moreover, N/P ratio in January was lower
than that in September, except for some layers
at Stas. 3 and 6. N/P ratio in January was
within 0.05-19.00 and in September within 1.75
—22.44.

Horizontal and vertical distributions of chlo-
rophyll-a, dissolved oxygen (DO) and water
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Fig. 5. Air temperature (°C) at the observation stations in January and September 1981, monthly
mean solar radiation, rainfall, air humidity and evaporation at Jakarta are derived from the
data during 1931-1960 (Meterological Agency, Indonesia).

transparency in January and September 1981
are shown in Fig. 4. Chlorophyll-a concentra-
tion in January was relatively higher than that
in September, especially for Sta. 5 of the central
part. Chlorophyll-e concentration in January
was within 0.54-4.29 ¢ g/1 and stratified at Stas.
4 and 5 of the central part. In September, chlo-
rophyll-a was within 0.13-1.07 1 g/1 with verti-
cal mixing condition in the whole area.

DO concentration in the western part in
January was slightly lower than that in Sep-
tember. DO concentration in January was
within 3.80-4.82ml/1 with stratified at Sta. 2 of
the western part, Sta. 4 of the central part and
Sta. 7 of the eastern part. In September DO con-
centration was within 4.19-477ml /1 with

slightly stratified at Sta. 2 of the western part,
Sta. 4 of the central part. Water transparency in
January was within 2.0-4.0m and it is lower
than that in September within 4.0-13.0m.

4. Discussion

The variability of the water characteristics
in the northern coastal area of Java is expected
to be affected by meteorological condition, the
current of the Java Sea corresponding to the
monsoon and local topography of coastal area.
Variability of water temperature, salinity and
density in the northern coastal area of Java in
January (northwest monsoon)and September
(southeast monsoon) is caused by precipita-
tion and solar radiation as shown in Fig. 5.
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Higher precipitation and lower radiation in
January caused water temperature, salinity
and density lower than those is September.
Higher water temperature in September in due
to the stronger solar radiation because the sun
crosses the equator southward from the north-
ern hemisphere. This situation was obviously
seen on the air temperature status, that is, air
femperature in September was higher than
that in January as shown in Fig. 5. Other work
(ATMADIPOERA ef al., 1999) note that the tempo-
ral variation of air temperature had a similar
pattern to that of the sea surface water tem-
perature.

Lower salinity and density within this region
were mainly due to the effect of high river dis-
charge in the rainy season of January as shown
in Fig. 5. Lower salinity and density at Stas. 2
and 5 in January were due to high discharge of
the Citarum river, the biggest river in the
northern coast of West Java, and the Serang
river in the central Java, respectively (Fig. 1).
Horizontal and vertical distributions of density
were governed by those of salinity as shown in
Fig. 2. This means that the northern coastal
area of Java has a character of estuary.

Horizontal variability of nutrient concentra-
tion within this region seemed to be governed
by surface current of the Java Sca and precipi-
tation due to the monsoon. This situation was
confirmed by TOMASCIK et al (1997) which de-
noted that the concentration of suspended par-
ticulate matter (SPM) in the Java Sea was
affected by rainfall and surface current of the
Java Sea and the condition depended on the
distance from shore. For the adijacent area of
the shore, the effect of SPM from the terrestrial
area is dominant, while the offshore area more
than 3km of the shore, the surface current has

a significant effect on the horizontal distribu- .

tion of SPM concentration. NINGSIH and SUPRIJO
(1998) denotes that the particulate matter in
the Java Sea moves estward in the northwest
monsoon and westward in the southeast mon-
soon. Because the observation areas at this
time were located more than 5km from the
shore, the effect of the surface current on the
horizontal distribution of nutrients within this
region will be significant. Moreover, since the
concentrations of municipal, agriculture and

industrial wastes in the northern coastal area
of Java are variously, this situation will also af-
fect on the nutrient distribution. For instance,
high concentration of phosphate at Stas. 4 and
5 of central Java in January 1981 was probably
due to the addition and accumulation of phos-
phate by the eastward surface current of the
Java Sea that brought a high concentration of
nutrient from industrial region of West Java
shown in Fig. 1. The accumulation of phosphte
in the central part was also occurred due to the
presence of the local eddy that was generated
by semi-enclosed topography of the central
Java as shown in Fig. 1. On the odher hand,
higher river discharge of the Serang river in
the central Java also contributed on the inten-
sification of such condition. The almost similar
pattern was also seen on the distribution of sili-
cate where high concentration was found in
the central part and at Sta. 6 of the eastern part
in January. High concentration of silicate
within this region may be resulted from high
discharge of Serang river in the central Java
which is added by the eastward surface current
into Sta. 6 in the eastern Java. On the contrary,
concentration of phosphate and silicate in Sep-
tember was rclatively increased toward the
western part. It is suspected mainly due to the
addition of phosphate from land by the west-
ward surface current, because the river dis-
charge was relatively low during this season.
Although the unclear pattern was seen on the
variability of nitrate, high nitrate concentra-
tion at Sta. 1 of the western Java in September
may be related to the addition of nitrate due to
the westward current. High concentration of
nitrate fund in the lower layer of Sta. 1 in Sep-
tember may be due to high decomposition and
demineralization of the organic matter in the
bottom layer. Such situation, however, is not
supported by the condition of the DO conecent-
ration at that station as shown in Fig. 4. In fact,
the DO concentration in the lower layer of Sta.
1 was relatively high. So, more detailed investi-
gation should be conducted to understand the
nitrate distribution within this region. Mean-
while N/P ratio within this region shows that
nitrate may act as the limiting factor of the pri-
mary production in the whole part of the
northern coastal area of Java because N/P ratio
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is lower than the Redfield ratio of 16.

Variability of chlorophyll-a concentration
shown in Fig. 4 expresses that chlorophyll-a
concentration in January was slightly higher
than that in September. Higher concentration
chlorophyll-a at Sta. 2 in the western part and
Sta. 5 in the central part in January is probably
due to large amount of nutrient supply in the
rainy season from the terrestrial environment
by increasing river discharge of Citarum river
in the western part and Serang river in the cen-
tral part, respectively. But at Sta. 7 in the east-
ern part of Java, higher concentration of chlo-
rophyll-a in September is suspected to be due
to the influence of nutrient and phytoplankton
supply from the upwelling area of Banda and
Flores Seas (upper panel of Fig. 1) by the west-
ward surface current in the southeast monsoon
(TOMASCIK et al, 1997). In the central and east-
ern parts of Java, lower transparency in Janu-
ary 1is significantly contributed from the
phytoplankton bloom generated by increasing
nutrient load from the river discharge as sup-
ported by the result of correlation analysis
shown in Fig. 4.

Variability in dissolved oxygen (DO) was
very small. The tendency of the increasing DO
toward the eastward in the northwest monsoon
and the westward in the southeast monsoon
might be related with the primary production
variability due to the surface current of Java
Sea. Since the DO concentration is governed by
not only physical but also bio-chemical proc-
esses, the clarification of the DO status within
this region should be made in the future by ob-
taining further information of the main factor
of DO variability.

5. Conclusion

The variability of the water temperature, sa-
linity and density in the northern coastal area
of Java corresponds to the monsoon which in-
fluences in precipitaion, wind and solar radia-
tion. Water temperature in January was lower
than that in September as well as for salinity
and density.

Nutrients variability, influenced by the local
river discharge and the local coastal topogra-
phy, was also affected by the nutrients trans-
port due to surface current corresponding to

the monsoon. Phosphate in the central Java
was high in January and that in the western
part in September. Silicate was high in the east-
ern part in January and in the western part in
September as well as for nitrate.

Redfield ratio in the whole part of the north-
ern coast of Java is lower than 16, hence, nitrate
may act as the limiting factor for the primary
production within this region. Chlorophyll-a
concentration was high in January in the cen-
tral and western parts due to large supply of
nutrients by river discharge. While in the east-
ern part, higher concentration of chlorophyll-a
in September may be due to the nutrient sup-
ply from the upwelling area in the eastern re-
gion of Indonesia by surface current.

The integrated invesitigation of the ecosys-
tem is necessary to be established within this
region to understand systematically various
factors that influence on the water characteris-
tic for sustainable utilization in the future.
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Automated identification of larval bivalves utilizing an image processor
Makoto TERAZAKI", Masami HamacGucHI* ¥, Hironori Usuk1®* and Hiroko IsSHIOKA * **

Abstract : The possibility of automated identification of larval bivalves, especially a short-
necked clam (Ruditapes philippinarum) from other zooplankton occurred in the Seto Inland Sea,
was examined by utilizing an image processor. Before image analyses, pre-sorting between lar-
val bivalves and other zoopalnkton with different mesh sizes and salinity gradient. The aspect
ratio(maximum length/maximum breadth), roundness shape factor[RSF: (maximum length®
/area) X (7 /4)] and unevenness shape factor [USF:(perimeter/area) X4 7 ] of larval bivalves,
copepods, chaetognaths, polychaeta, ostracoda and appendicularian, were measured. An opera-
tion combining the aspect ratio, RSF and USF was very effective for sorting and identification
of larval valves. The special software (NIRECO Co. Ltd.) for the pattern recognition of rice
grain shape was also used in order to distinguish clearly a short-necked clam from other laraval

bivalves.

Key words : identification, zooplankton, bivalve, image processor
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Table 1. Number of individuals of each zooplankton (per 500 L) collected
from Nagaura, Seto Inland Sea with different mesh-size net.

mesh-size
(mm)
2-4 Chaetogantha (Sagitta enflata)—-1
1-2 Ctenophora-2, Polychaeta—-1

collected zooplankton (inds./500L)

0.5-1 Copepoda (Acartia)-2, Copepoda (Oithona)-1

0.25-0.5
Bivalve larvae-1
0.063-0.25

Copepoda—75, Copepoda larvae—11, Appendicularia-2, Radioraria-1, Ctenophora-1,

Copepoda larvae—680, Bivalve larvae—152, Polychaeta—56, Cladocera—17, Cirripedia larvae—10,

Chaetognatha larvae—4, Shrimp larvae-2, Ctenophora-1, Radioraria—1
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175, 146 D 4 &HCEL, KB 2ETHRILE 16 H
Ho 7w ) giE% 200 Bk, 747 VHOBERE
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Fig. 1. Time-series vertical distribution of a short-
neked calm larvae under different salinity
conditon.
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KN, Microsetella ® X 5 15/ 7 4 7 V¥R H X
7z (Table 1),
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Fig. 2. Time-series vertical distribution of small
copepoda, Oithona under low salinity (14.6
PSU) and strong light (235zmol +m~2+ S
condition.
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BEPBED SN,

7 ) SO, AXOEAVIEEIC VNS
B AEAPS D, MhOESEREERICE - THE -
7z (Fig. 3), #iFAMICHET 2~ H+F, A TH Y,
® b PFRETH ) OUEOHEHELL, EIRERE Gl o
EHVBIUMMOES) 2HN5E, 3>
MAGHLE2HICIDEINTIRETH B08, & F b FRY
ERTEIRSAREFEUL TV 0T, hohiksRatd s
WEDB - 72 (Fig. 4o

AEMIAR O R ZROFEINHV S0 5 KO
Ry 7 b 2R L7 V4, tioBBLoh
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Table 2. Body Length, Aspect Ratio and Roundness Shape Factor of
zooplankton occurred in the Seto Inland Sea.

Taxa of zooplankton Body Length(mm)

Aspect Ratio Roundness Shape Factor

Copepoda

Acartia sp. 0.6

Oithona sp. 0.5
Chaetogantha

Sagitta enflata 11.2 -29.6

S. crassa 75 —11.6
Appendicularia 2.1 -89
Polychaeta 6.0 —20.9
Ostracoda 24 — 32
Bivalve larvae

Ruditapes philippinarum 0.18- 0.21

Crossostrea gigas 0.16— 0.28

1.37 5.5

1.71 4.39
514(1.7) 8.78(0.95)
5.62(0.82) 9.15(0.53)
4.32(1.00) 5.99(1.72)
2.53(0.79) 4.92(2.42)
1.60€0.19) 1.72(0.15)
1.11€0.06) 1.19€0.07)
1.12€0.08) 1.23(0.09)

Note: Figures in the parenthesis show standard deviation.
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Fig. 3. Aspect ratio, RSF and USF of a short-necked
clam in each developmental stage.
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Fig. 5. Unevenness frequency distribution of external border line of larval bivalves and copepoda
larvae: A-Muytilus edulis, B-M. coruscus, C-Copepoda larvae, D-Crassostrea gigas, E-Ruditapes
variegata, F-Musculus senhausia, G-Ruditapes philippinarium (D-15 stage).
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Fig. 6. Unevenness frequency distribution of external
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each developmental stage.

OEW T 5 v o~ v EOEBIIHHEL, Mo ES
IOFEVREEEHOREEEHEASGDbE S I EICLD
TWHETH B, LA L, EXTHY, kb FF2ILETEE
HEP LTV AEAIIE, SRV ES B0y 7
b CKOIRIEN) OB & RAIRTH 5,
BECEY TS v 7 b yoducid, R, Fr vy, B
BEREBANBERUOTVLE 6D LEL, BEBROT
ETREYLEHOEROEB L AR TH S, XWREY
OT VY WERERTH L0, GEENFETCERT S

~~
E 300
N
~ 250
= L
B i
2 zm:
v r
=~ 150 [
E :
- [
100
E
é 50 1 1 ! ! 1
0 5 10 15 20 25
=

Days after hatching

Fig. 7. Growth curve of short-necked clam larvae.
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Oceanic structures in the vicinity of Komahashi Daini Kaizan,

a seamount in the Kyushu-Palau Ridge
Part I. Temperature and salinity fields

Yoshihiko SEKINE”

Abstract : Hydrographic observations by use of CTD and ADCP in the vicinity of a seamount,
Komahashi Daini Kaizan, located in the Kyushu-Palau Ridge, were carried out six times from
1989 to 1993. Results of the observed temperature and salinity fields are presented in this paper,
as a Part I of this study. Various kinds of vertical shift of isotherms, isohalines and isopycnals
are observed around the seamount. It is also shown that the less saline water less than 34.2 psu
corresponding to the North Pacific Intermediate water is not observed over the top of this
seamount, while the less saline water is observed off the topography of the seamount, which is
due to enhanced vertical mixing by the internal wave over the top of seamount and/or the
topographic effect of the seamount which forces a less saline water to flow along isopleth of
depth of the seamount. In July 1989, the siginificant changes in the temperature and salinity
fields are observed during only one week by the approach of small meander of the Kuroshio
generated in southeast of Kyushu. Almost estimated Rossby heights (fL/N) are smaller than
the peak depth of the seamount ( 289 m ), and the observed height of the baroclinic Taylor col-
umn evaluated from the vertical displacement of isotherms and isohalines does not reach to the
surface layer, both of which shows that the topographic effect of the seamount does not reach

to the sea surface.

Key words : Komahashi Daini Kaizan, North Pacific Intermediate water, sea mount

1. Introduction

In the northern Philippine Basin, there have
been several observations on the topographic
effect of seamount. FukasAwa and NAGATA
(1978; 1980) observed the oceanic structure
near the Shoal Kokushou-sone located in
southwest of Kyushu. Upwelling along the
northern slope of the shoal was shown by the
temperature observation (Fukasawa and
NAGATA, 1978), while upwelling along southern
slope was detected in June 1977 (FUKASAWA
and NAGATA, 1980). Furthermore, FUKASAWA
(1983) suggested that distribution of isother-
mal layers is a helpful indicator of the nature of
oceanic structures in the vicinity of the shoal
Kokushou-sone. SEKINE and MATSUDA (1987a,
b) made hydrographic observations over a
bump Tosa-Bae off Shikoku south of Japan

* Institute of Oceanography, Faculty of Bioresources,
Mie University, 1515 Kamihama, Tsu, Mie, 514-8507
Japan

(Fig. 1a). They observed a cold eddy west of
this bump and a warm eddy east of it. In the
later observations (SEKINE ef al., 1994), salinity
minimum water was found on the northern
side of the Tosa-Bae, which suggested the west-
ward intrusion of less saline water over the
northern slope. KoNnaGga and NisHivyAMA (1978)
and KoNaGa et al. (1980) observed that a cold
eddy detached from the Kuroshio large mean-
der was trapped over a seamount, the Daini
Kinan Kaizan (Fig. la). SEKINE and HAYASHI
(1992) observed that vertical shift of isotherm
and isohaline above the top of the seamount,
Daini Kinan Kaizan (Fig. la) was maintained
more than 10 days, which suggested that the
vertical shifts of the isotherm and isohaline are
rather stable.

In the present study, oceanic structures over
the seamount "Komahashi Daini Kaizan (Fig.
la) are studied by use of the observational data
of six cruises (Table 1). The Komahashi Daini
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Fig. 1. (a). Location of the seamount “Komahashi Daini Kaizan” and other seamounts south of Ja-
pan. Isopleths of depth (in meter) are also shown (after TarT, 1972). (b) Bathymetry in the vi-
cinity of the Komahashi Daini Kaizan.
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Table 1. Hydrographic observations around Komahashi Daini Kaizan.

Cruise Name Periods of Observation

Obsercvational line

Main instruments

KS-89] ULl

14-16 Jul. 1989
KS-89JUL2 22-24 Jul. 1989
KS-89DEC 5 7 Dec. 1989
KS-90MAY 19-21 May. 1990
KS-90JUL 13-14 Jul. 1990
KS-93JUL 16-17 Jul. 1993

a,b CTD and ADCP
c,d, e CTD and ADCP
f,g CTD and ADCP
h CTD and ADCP

i, j, k Mi-com. BT

L, m CTD, XBT and ADCP

Kaizan is located in the Kyushu-Palau Ridge.
This seamount has an elliptic shape (Fig. 1b),
of which 1000 m isopleth has a long axis of
about 8 km from southeast to northwest and a
short axis of about 4 km from southwest to
northeast. The depth at the peak of this
seamount is 289 m. In periods of a small mean-
der path of the Kuroshio off Kyushu (SHojI
1972; SOLOMON, 1978; SEKINE and ToBa, 1981),
the main axis of the Kuroshio approaches to
this seamount. It is noted that there have been
no detailed hydrographic observations over
this seamount. Therefore, we have made six
hydrographic observations in its vicinity by
use of the training vessel "Seisui-maru” of Mie
University (Table 1). I present the results of

the observed temperature and salinity in this
paper, as a Part [ of this study. As for the veloc-
ity fields, I will present it in Part 11 (SEKINE,
2001) of this paper.

2. Observations

In six observations (Table 1), temperature
and salinity were observed mainly by CTD. Ac-
curacy of temperature and salinity is 0.01°C
and 0.05 psu, respectively, the latter of which is
checked by the salinometer (Model 601 MKIID).

Main paths of the Kuroshio during the obser-
vational periods are shown in Fig. 2. A small
Kuroshio meander off Kyushu was formed in
July 1989, while the Kuroshio path was located
relatively far from the seamount in the other

36°N 36N

36N

e . 89JUL1 i I
130E 135" 140 130 140 130E
36N 36N

_ 90MAY

25

< . 25
130E 135 140 130E

25 0 o
140 130E 135 140

Fig. 2. Main Kuroshio path during the six observation basing on the Prompt Report of Oceanic
Condition compiled by Maritime Safety Agency (stippled band) and the location of the

Komahashi Daini Kaizan (closed mark).
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Fig. 3. CTD stations on each cruise. Letters, a m identify sections and numbers identify stations.

observational periods. The CTD stations of the
six cruises are shown in Fig. 3. KS-83JULI, KS
—89JUL2 and KS—89DEC sections were set NW-
SE or NE-SW, parallel or normal to the longer
axis of the seamount. In order to observe the
background ocean conditions, a longer section
was taken for all the observations. Unfortu-
nately, because of CTD and ADCP trouble dur-
ing KS-90JUL, Mi-com BT (T.S. MICOM-

Bathythermograph 400A) by TSURUMI-SEIKI
LTD. was used for the temperature observa-
tions. The accuracy of Mi-com BT is 0.05°C.
Therefore, salinity data were not obtained by
this cruise.

3. Results of observations
The vertical distributions of temperature
along the sections a-m are shown in Figs. 4 and
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5. Along section a of KS-89JUL1 (Fig. 4a left),
upward shift of the isotherms is seen over the
top of the seamount at depths of 850-1100 db. In
layer deeper than the top of the seamount, iso-
therms between 1.7°C and 2.5°C show a verti-
cally coherent upward shift in the eastern side

of the seamount at depths of 1450-2200 db. In
section b (Fig. 4a right), the uplift of isotherms
over the top of the seamount is unclear: the 15
°C isotherm shows a weak downward shift, but
the 17°C isotherm shows an upward shift.
Along section ¢ of KS-89JUL2 (Fig. 4b left),
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sections 1(left) and m(right).

a clear uplift of isotherms is not seen over the
seamount. Furthermore, the uplift of isotherms
in the eastern side of the seamount observed in
KS-89JULL1 (Fig. 4a left) is not observed. Since
this observation was carried out in only one
week after KS—-89JUL1 (Fig. 4a), the tempera-
ture distribution over the top of the seamount
is changed in a short time. However, the sec-
tion ¢ is located in south of section a (Fig. 1),
spatial variation may be included. In water
deeper than the top of the seamount, the 2—6
°C isotherms have a clear horizontal gradient
over the eastern side slope. As the strong
northward flow is observed in this observa-
tional period (Part I1), the horizontal gradient
of 2-6°C isotherms are associated with the
northward flow of small meander of the
Kuroshio. Various vertical shifts of the iso-
therms are seen along section d and e (Fig. 4b
middle and right).

In section f of KS-89DEC (Fig. 4c left), the
formation of the mixed layer with a uniform
temperature of 21°C is seen in the surface layer,
while seasonal thermocline is formed in the
temperature fields in July (Figs. 4ab and 5ab).
Isotherms are uplifted over the top of
seamount at depths of 850—-1000 db. Along sec-
tion g (Fig. 4c right), gap of the depth of

isotherm over the side slope between north-
western area and southeastern area is detected.
Similar gap is seen in other sections. The gaps
of isotherm have been also observed in other
seamounts (e.g., Fukasawa and NAGATA, 1978;
SEKINE ef al., 1994).

In section h of KS-90MAY (Fig. 4d), coher-
ent downward shift of the isotherms is found at
depths of 13001700 db over the top of the
seamount. This coherent downward shift is
also seen in the salinity field (Fig. 6d). Some
topographic effects of the seamount are sug-
gested in these depths.

In section i of KS-90JUL (Fig. 5a left), iso-
therms are shifted downward at 400-500 db
over the top of the seamount. However, the
downward shift at 400-500 db is unclear along
sections j and k, which suggests that the down-
ward shift of the isotherms are confined to the
top of the seamount. The depth gap of iso-
therms of 5°C and 6°C with different gradient
over the side slope is very significant. In sec-
tion 1 (Fig. 5b left), there is no clear vertical
change in isotherms over the top of the
seamount, while a relatively coherent weak up-
ward shift of isotherms is detected along sec-
tion m. Vertical shifts of the isotherms are seen
at both sides of the seamount, however, their



89JUL1T ——30km

aosz 3 2

E

Oceanic Structures around Komahashi Daini Kaizan

N ssnutrz oguw g
—t LYY X L X

g8oJuL2  Fj30km

101

== bowiiic
. te00 1000
g g
w
4 z
- 2
a 24
o 12
& F
ZDOOL‘ - 2000
3000 3000
peee——{ 30km
89DEC, . 9OMAY 93JUL  ——ifsom
CoWe issetry Enwy puetovese cws yosdier 3 E @ W VU badatd §yNE %"W ERE RS R
o T
I ———s
[ . e
Y
1000
3
N
w
o
po }
w3
w
w
[ 4
o
2000
3000

Fig. 6. Salinity sections (in psu) along (a) sections a (left) and b (right), (b) sections ¢ (left), d
(middle) and e(right), (c) sections f (left) and g (right), (d) section h(left) and (e) sections 1
(left) and m(right). Stations are shown by closed triangles along the top.

gradients are not confined to one specified di-
rection to the bottom topography of the
seamount.

The observed salinity fields are shown in
Fig. 6. A salinity minimum water is commonly
observed at depths 700-800 db. The salinity
minimum corresponds to the North Pacific In-
termediate Water (NPIW), which comes from

east of the Izu Ridge to the Shikoku Basin (e.g.,
REID, 1965; YASUDA et al., 1996; SEKINE et al.,
2000). In section a of KS—-89JULI, the salinity
minimum layer (34.2 psu) is unclear over the
top of seamount. Isohalines at depths of 1500—
2200 db are shifted upward in the eastern side
of the seamount, of which change are similar to
those of the isotherms shown in Fig. 4a. The
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similar change to temperature is also seen in
Fig. 4b, in which changes associated with the
approach of small meander of the Kuroshio is
detected. Although the vertical shifts of the
isohalines similar to those of isotherms are de-
tected in most of other sections, the salimity
minimum formed by NPIW is a characteristic
phenomena and its distribuion gives new
inflormation which is not seen in the tempera-
ture fields. Therefore, we focus on the change
in the salinity minimum layer of NPIW over
the seamount in the following.

It should be noted that less saline water less
than 34.25 psu does not exist just above the top
of the seamount (Fig. 6 bede). In particular,
clear salinity minimum water less than 34.2 psu

is detected in the western and eastern side of
the seamount (Fig. 6e), but such a less saline
water is not seen over the top the seamount.
These common features suggest that the un-
clear salinity minimum over the top of the
seamount is caused by enhanced vertical mix-
ing over the top of the seamount by the inter-
nal wave generated by the seamount and/or by
the topographic effect of the seamount, which
forces a less salinity water to flow along
isopleths of depth around the top of the
seamount. Unclear less saline water (NPIW)
over the top of the seamount is also observed
over the Daini Kinan Kaizan (SEKINE and
Havasnhi, 1992) and Tosa-Bae (SEKINE, et al.,
1994).
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4. Topographic effect of the Komahashi Daini

Kaizan

If we assume constant Brunt-Vaisidla freque-
ncy (V) and “bell-shaped” seamount with a
height of &/ (14 /L)%, where h, is a peak
height and z the horizontal distance from the
peak of the seamount and L half of the repre-
sentative horizontal scale of the seamount, the
topographic effect of a seamount is well esti-
mated by the Rossby height (fL/N), where f is
the Coriolis parameter (e.g., GILL, 1982). Al-
though these conditions are not exactly ful-
filled in the present case, we can estimated the
possible range of Rossby height by considering
the possible maximum and minimum value of
N and L. Vertical distribution of the observed
N over the top of the seamount is shown in Fig.
7, in which approximated range of N used in

the estimation is also shown. It is shown from
Fig. 7 that N is large in the seasonal thermo-
cline layer near the sea surface and N becomes
small below the permanent thermocline layer
where we set the variable range of .
Assuming the maximum and minimum L as
in Table 2, the estimated Rossby height (RH)
and the height of the observed baroclinic Tay-
lor column (HT) are shown in Fig. 8. Here, only
coherent or evanescent vertical changes in the
observed temperature from the bottom topog-
raphies are considered in the evaluatjon of ob-
served HT, while those of which maximum
vertical displacement is separating from the
bottom topographies of the seamount are ne-
glected. It is shown from Fig. 8 that RH varies
significantly, depending on the estimated L
and N. Although positive correlation is detec-
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Table 2. Estimated Rossby height (RH = fL/N)

Crui Observational N L(km) RH(Rossby height) (m)
ruise name : B o ) o ]
line (sec™ Mimimum Maximum Minimum Maximum
KS—89JUL1 a 2X107°° 2.7 4.5 97 162
3x10°® 65 108
4x107° 49 81
b 5X10° 2.7 5.5 39 79
6Xx107° 32 66
7X10° 28 57
KS—89JUL2 c 5x10° 2.0 3.8 29 55
6x10°° 24 46
7Xx107° 21 39
d 1X107° 39 7.5 280 540
2x107° 140 270
3x107° 94 180
e 1x107° 3.0 6.0 216 432
2%107° 108 216
3X107? 72 144
KS-89DEC f 3X107° 2.3 4.5 55 108
4X10°° 41 81
5x107° 33 65
g 4x10°® 6.0 11.3 108 203
5X10°? 87 163
6x107° 72 136
KS-90MAY h 1x10°° 2.7 3.8 194 274
2%10° 97 137
3x107° 65 91
KS-93JUl1 1 5%x107° 2.5 35 36 50
6x107° 30 42
7x10°* 26 36
m 4x10°® 4.0 7.0 72 126
5X107? 58 101
6x107° 48 84

ted, they do not exceed the 95% confidence
limit (¥ = 0.63). It is resulted from Table 2 that
almost of eatimated RH is smaller than the
depth of the peak of the seamount (289 m), in
which only two maximums ranges exceed the
depth of seamount. As for HT, it is clear from
Figs. 4, 5 and 6 that the baroclinic Taylor col-
umn does not reach to the upper layer. These
two results demonstrate that the topographic
effect of the Komahashi Daini Kaizan does not
reach to the surface.

5. Summary and discussion
The hydrographic observations around Ko-

mahashi Daini Kaizan south of Japan were
made by the Training Vessel "Seisui-maru” of
Mie University for six times from 1989 to 1993.
Main results of the observations are summa-
rized as follows.

(1) A salinity minimum layer of NPIW is ob-
served at depths 700-800 db in all the observa-
tions. Over the top of the seamount, the salinity
minimum layer is relatively unclear in com-
parison with that in the surrounding area. It is
suggested that salinity minimum water less
than 34.2 psu is vertically mixed relatively well
by the internal wave over the top of the
seamount and/or is forced to flow along
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and (¢) maximum possible N. Horizontal bars
show the possible ranges of Rossby height de-
pending on the representative horizontal scale
of the Komahashi Daini Kaizan (1).

isopleth of depth of the seamount.

(2) In July 1989, the siginificant change in the
temperature and salinity fields are observed
during only one week. This is due to the ap-
proach of small meander of the Kuroshio gen-
erated in southeast of Kyushu. Although the
spatial change is included, short period time
change is shown to be possible in the vicinity
of Komahashi Daini Kaizan.

(8) Although the observed Rossby height (fL
/N) RH varies significantly depending on the
estimated L and the observed N, it is shown
that most of eatimated RH is smaller than the
depth of the peak of the seamount (289 m). The
observed height of baroclinic baroclinic Taylor
column (HT) estimated from isotherm and
isohaline does not reach to the upper layer.
These two facts result that the topographic ef-
fect of the Komahashi Daini Kaizan does not
reach to the surface.

As is mentioned in (2), significant differ-
ences of temperature and salinity fields are ob-
served between KS—89JUL1 and KS-89JUL2
only one week apart. These observational re-
sults strongly suggest that more frequent ob-
servations are needed to see the detailed
oceanic conditions over and around this
seamount. It should be also noted that we have
no clarified way to filter the contribution of in-
ternal wave to the vertical change in the iso-
therms and isohalines. This problem is more
serious in the estimation of the geostrophic
flow. Namely, all the vertical change in iso-
therms are not associated with the geostrophic
balance and the contribution of internal waves
are not negligible. It is pointed out that some
correction which possibly excludes the internal
wave is needed for the estimation of geostro-
phic flow.

Although it is suggested that the topo-
graphic effect of the Komahashi Daini Kaizan
does not fully reach to the surface (3), the topo-
graphic effect on the distribution of the salin-
ity maximum layer denoted in (1) indicates the
topographic effect of the seamount reaches to
this depth, if a salinity minimum water is
forced to flow along isopleth of depth of the
seamount. However, if the salinity minimum
water is vertically mixed relatively well by the
internal wave generated over the top of the
seamount, the topographic effect is made
through the internal wave, which is different
from the effect of the baroclinic Taylor Col-
umn. Unfortunately, we can not determine
which is more importnant over this seamount.
To see this more clearly, non-geostrophic topo-
graphic effect of the seamount such as the gen-
eration of internal wave should be observed in
the future study.
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Oceanic structures in the vicinity of Komahashi Daini Kaizan,

a seamount in the Kyushu-Palau Ridge
Part II. Velocity Fields

Yoshihiko SEKINE®

Abstract : Hydrographic observations in the vicinity of a seamount, Komahashi Daini Kaizan,
located in the northwestern part of the Philippine Basin south of Japan, were carried out six
times from 1989 to 1993. As the results on the temperature and salinity fields obtained by these
cruises have been reported in Part I, results of velocity fields by ADCP are presented in this pa-
per. Most of the observed velocity by ADCP goes over the seamount, Komahashi Daini Kaizan
and a tendency to flow along the isopleth of the depth of the seamount is shown to be weak,
which indicates the topographic effect of the seamount does not reach to the deepest level of
ADCP data of 150 m=200 m. This result agrees with Part I which shows that the observed
Rossby height (fL/N) and the observed baroclinic Taylor column estimated from the change
in isotherm and isohaline are smaller than the representative depth of the seamount. In July,
1989, vertically coherent large northward velocity was observed in association with the forma-
tion of small meander path of the Kuroshio southeast of Kyushu. The attainment of geostrophic
balance is checked by the correlation between the observed vertical difference of geostrophic
flow and that of ADCP velocity. Although positive correlation is detected between the two ve-
locity differences, they do not show clear linear relation. This suggests that non-geostrophic

flow component is prominent in the vicinity of this seamount.

Key words : Komahashi Daini Kaizan, Kyushu-Palau Ridge, topographic effect, sea mount

1. Introduction

The interaction of ocean currents with
seamounts has been of interest to the oceanic
community (e.g., HOGG, 1980; RODEN, 1987). Gen-
eration of internal waves, trapping and/or gen-
eration of eddies and uplift of deeper layer
water are possible by the topographic effects of
a seamount. The effects of a seamount gener-
ally depend on the vertical structure of the
Taylor column formed over the seamount (e.g.,
HoGa, 1973; JouNsoN, 1977). If the water has a
homogeneous density and the nonlinear effect
is relatively small, a barotropic Taylor column
with vertically coherent flow is formed and the
topographic effect of the seamount extends to
the surface layer. If these two conditions are
not satisfied, the Taylor column has a tendency
to be restricted to a deeper level below the
* Institute oyf'Oceaﬁograpilr'l’y, Faﬂculty of Bio}esbﬁyes,

Mie University, 1515 Kamihama, Tsu, Mie, 514-8507

Japan

Rossby height fL/N (e.g., GILL, 1982), where f is
the Coriolis parameter, L the half of the repre-
sentative horizontal scale of seamount with a
depth of hy/ (14 (x/L)?), where hois a height of
the peak of the seamount from ocean basin and
x a horizontal distance from the peak and N the
Brunt-Vaisala frequency assumed constant.

Furthermore, the topographic effect of an el-
liptic seamount placed at various angles to a
uniform barotropic flow was examined by
JouNsoN (1982) and the planetary S effect on
the topographic effect of a seamount was ex-
amined by MCCARTNEY (1975) and VERRON and
LE ProvosT (1985). The detailed time change
of the topographic effect was studied by
HuppERT and Bryan (1975).

Although there have been various theoreti-
cal studies, the observations on the topo-
graphic effect of the seamount have not been
fully carried out. Because oceanic conditions
are different for each seamount, specified
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observations on the topographic effect of sea-
mount are needed for each seamount. In part [
of this study (SEKINE, 2001), the observed oce-
anic conditions over the seamount “Komahashi
Daini Kaizan” in the Kyushu-Palau Ridge in
the Philippine Basin was reported with refer-
ence to temperature and salinity fields. In the
present paper, the observed velocity fields in
the vicinity of Komahashi Daini Kaizan is re-
ported as a Part II of this study.

2. Observations

Observations have been carried out using the
Training Vessel “ Seisui-maru” of Mie Univer-
sity from 1989 to 1993. An acoustic doppler cur-
rent profiler (ADCP) was used to observe the
horizontal velocity along CTD observational
lines, of which details have been mentioned in
Part I. The ADCP data averaged every ten
minites with the accuacy of 5 cm sec ' were
corrected by use of GPS data and loran C data.
Only the ADCP velocity observed during con-
stant ship speed are analyzed in the present
study.

3. Results of observations

Velocity fields observed by ADCP is shown
in Fig. 1. In KS-89JUL1 (Fig. 1a) observed from
14 to 16 in July 1989, southward flow dominates
at 50 m, but northward flow dominates at 100 m
and 150 m. Coherent flows are found at 100 m
and 150 m, except for the western area of the
seamount.

Vertically coherent strong northeastward
flow is observed in KS-89JUL2 (Fig. 2b) ob-
served from 22 to 24 in July 1989. As this obser-
vation is made about one week after KS-
89JUL1 (Fig. 1a), very significant change in the
flow pattern is detected. A small meander of
the Kuroshio off Kyushu is formed in this ob-
servational period (Part I) and the strong
northeastward flow is associated with the
small meander of the Kuroshio. It should be no-
ticed that the large meander of the Kuroshio is
formed by the eastward shift of the small me-
ander southeast of Kyushu and its abrupt am-
plification in south of Kii Peninsula (SHOJI,
1972; SOLOMON, 1978; SEKINE and ToBa, 1981a).
In particular, SEKINE and ToBa (1981b) pointed
out by the numerical experiments that the

small meander can be generated by the stretch-
ing of the water column over the continental
slope, when the current velocity of the
Kuroshio is abruptly increased. Similar results
were obtained by ENDOH and Hisiya (2000) by
use of a [lat bottom model, in which small me-
ander is formed by the coastal topographic ef-
fect of Kyushu during the period of increase in
the Kuroshio velocity.

During KS-89DEC (Fig. lc), vertically coher-
ent northwestward flow was seen east of the
seamount. Together with the southwestward
flow west of the seamount, existence of
cyclonic circulation is suggested over and
around the seamount. Vertically coherent flow
is detected in KS-90MAY (Fig. 1d). In KS—
93JUL (Fig. le), coherent eastward flow is ob-
served in the northern region at depths 50 m
and 100 m. Although the flow is vertically co-
herent down to 200 m in the east, clear east-
ward flow at 200 m is not found in the north.

If the topographic effect of the seamount is
prominent in the upper layer, there is a ten-
dency that the flow over the seamount has a
tendency to flow along contours of ambient po-
tential vorticity f/h, which is well approxi-
mated by the contours of h (isopleth of depth).
Here, as the topographic effect is relatively
prominent in the deeper layer, we notice the
ADCP velocity at the deepest layer near the
seamount.

In KS-JULI (Fig. 1a), as the northward flow
goes over the top of the scamount, the velocity
pattern shows no tendency to flow along
isopleth of depth. In KS-89JUL2 (Fig. 1b), the
small meander flow goes over the seamount.
Because the inertial effect of the small meander
is so large (SEKINE and ToBa, 198lab; ENDOH
and Hisiya, 2000), and because horizontal scale
of the small meander is much larger than the
scale of the seamount, it is suggested that the
small meander can go eastward over the
searmount.

The southwestward flows goes over the
seamount in KS—-89DEC (Fig. 1¢) and KS-
90MAY (Fig. 1d), while the northeastward flow
also goes over the seamount in KS-93JUL (Fig.
le). On the whole, most of the flow goes over
the top of seamount and tendency to flow
along the isopleth of the depth of the seamount
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Fig. 1. Horizontal velocity observed by ADCP during (a) KS-89JULI1, (b) KS-89JUL2, (c) KS—
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is shown to be weak, which indicates the topo-
graphic effect of the seamount does not reach
to the deepest level of ADCP data of 150 m—200
m. This result agrees with Part I, in which the
observed Rossby height (fL/N) and the ob-
served baroclinic Taylor column estimated
from the change in isotherm and isohaline are
smaller than the representative depth of the
Komahasi Daini Kaizan, which indicates that
the topographic effect of the Komahashi Daini
Kaizan does not reach to the surface.

In order to see the attainment of the

geostrophic balance over the seamount, corre-
lation between the vertical difference of
geostrophic flow and that of velocity observed
by ADCP is shown in Fig. 2. Here, we should
notice that the vertical difference of the
geostrophic flow does not depend on the selec-
tion of the reference level (Fig. 3). Namely, the
constant barotropic flow due to the unknown
surface pressure gradient equally acts on the
internal layer, it is eliminated by the difference
of two internal levels. Here, ADCP velocity is
estimated as the simple mean of all ADCP
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Fig. 3. Schematic representation of the analysis to
see the attainment of the geostrophic flow bal-
ance. Horizontal (vertical) axis shows the veloc-
ity (depth). Because only the vertical Geostro-
phic flow profile (G) is obtained by the geostro-
phic flow estimation, actual geostrophic velocity
shifts parallel to horizontal axis illustrated by
open arrows, which depends on the adoption of
the reference level shown by R. This effect can
be negected, if we consider the vertical geostro-
phic flow difference at two different depth, H1
and H2. So attainment of the geostrophic flow
balance is examined by comparing the vertical
velocity difference of the geostrophic flow and
that of ADCP velocity (A).

velocity data between two neighboring CTD
stations. It is shown from Fig. 2a that although
positive correlation exceeds the confidence
limit of 95 % with the correlation coefficient
(v =024), two velocity differences do not
shows clear linear relationship.

Because there are several observed ADCP ve-
locities between two neighboring CTD stations,
other two ADCP velocities are estimated : the
first is one ADCP data nearest to the middle
point of the two neighboring CTD stations and
the second is estimated as the weighted mean
of all the ADCP velocity between two neigh-
boring CTD stations, in which the weight is in-
versely proportional to the distance of the
ADCP station from the middle point between
two CTD stations. It is shown from Fig. 2b that
they show no significant systematic difference
and the correlation coefficient is almost equal.

This means that there exists a non-geostrophic
flow component such as the tidal current, the
wind-drift flow and/or the Ekman flow, which
agrees with the case of the seamount Daini
Kinan Kaizan (SEKINE and Havasmi, 1992) and
Tosa-bae (SEKINE ef al., 1994).

5. Summary and discussion

The hydrographic observations around
Komahashi Daini Kaizan south of Japan were
made by the Training Vessel “Seisui-maru” of
Mie University six times from 1989 to 1993. As
a Part II of this study, observed velocity by use
of ADCP is reported in the present paper. Main
results are summarized as follows.

(1) Almost of the flow goes over the
seamount and tendency to flow along the
isopleth of the depth of the seamount is shown
to be weak (Fig. 1), which indicates the topo-
graphic effect of the seamount does not reach
to the deepest level of ADCP data of 150 m—200
m. This result agrees with Part I in which the
observed Rossby height (fL/N) and the ob-
served baroclinic Taylor column estimated
from the change in isotherm and isohaline are
shown to be smaller than the representative
depth of the seamount.

(2) In KS-89JUL2 (Fig. 1b), vertically coher-
ent large northward velocity was observed in
association with the formation of small mean-
der path of the Kuroshio southeast of Kyushu.
As this observation is made about one week af-
ter KS-89JUL1 (Fig. 1a), significant change in
the velocity fields is detected. The approach of
the Kuroshio has a large influence on the oce-
anic condition of this seamount.

(3) In order to see the attainment of
geostrophic balance, correlation between the
vertical difference of geostrophic flow and that
of ADCP velocity has been examined. Al-
though significant positive correlation is ob-
tained between the two velocity differences,
they do not show clear linear relation. Non-
geostrophic flow component is not negligible
in the vicinity of this seamount in the upper
layer shallower than 150-200 m.

Non-geostrophic flow component is impor-
tant in the upper layer, which is mentioned in
(3). In relation to this, it should be noted that
ADCP velocity is often used as a reference
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velocity of the geostrophic flow estimation.
However, there is a possibility that the
geostrophic flow balance is not established in
the ADCP velocity (3). As the check of the at-
tainment of the geostrophic balance (Fig. 3) is
easily carried out, such a check is needed if
ADCP velocity is used as a reference level ve-
locity. In relation to this, it should be also noted
that we have no clear method to filter the con-
tribution of the vertical change in the iso-
therms and isohalines which has no
relationship of the geostrophic flow balance
such as internal wave. Namely, all the vertical
changes in isotherms and isohaline are not as-
sociated with the geostrophic flow balance and
their contribution on the pressure gradient is
included in the geostrophic flow estimation.
Some correlation method which excludes the
internal pressure gradient by non-geostrophic
temperature and salinity variations is needed
for the exact estimation of geostrophic flow.
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