ISSN 0503-1540

Tome 33 Mai 1995 Numéro 2

1995 & 5 A
H L B & % =

Lo Societe franco-japonaise
d’oceanographie
Tokyo, Japon



SOCIETE FRANCO-JAPONAISE D'OCEANOGRAPHIE
Comité de Rédaction

(de P’exercice des années de 1994 et 1995)

Directeur et rédacteur: Y. YAMAGUCHI

Comité de lecture: S. AOKI, M. HANzZAWA, M. HerIKOSHI, Y. MATSUYAMA, M. MAEDA,
M. OcHial, T. YANAGI, S. WATANABE

Rédacteurs étrangers: H.]J. CECCALDI (France), E.ID. GOLDBERG (Etats-Unis), T. ICHIYE (Etats-Unis),
T.R. PARsSONS (Canada)

Services de rédaction et d’édition: M. OCHIAI, [1. SATOH

Nate pour la présentation des msmnuscrits
La mer, organe de la Société franco-japonaise d'océanographie, publie des articles et notes originaux,
des articles de synthése, des analyses d’ouvrages et des informations intéressant les membres de la
société. Les sujets traités doivent avoir un rapport direct avec ['océanographie générale, ainsi gu'avec
les sciences halieutiques.

Les manuscrits doivent étre présentés avec un double, et dactvlographiés, en doudle interligne,
et au recto exclusivement, sur du papier blanc de format A4 (21X29,7cm). Les tableaux et les
légendes des figures seront regroupés respectivement sur des feuilles séparées & la fin du manuserit,

Le manuscrit devra étre présenté sous la forme suivante:
1° 1l sera écrit en japonais, francais ou anglais. Dans le cadre des articles originaux, il comprendra
toujours le résumé en anglais ou francais de 200 mos environs., Pour les textes en langues euro-

péennes, il faudra joindre en plus le résumé en japonais de 500 lefires enviroms. Si le manuscrit est

(D~

envoyé par un non-japonophone, le comité sera responsable de la rédaction de ce résum
2° La présentation des articles devra étre la méme que dans les numéros récents; le nom de ’auteur
précédé du prénom en entier, en minuscules; les symboles et abréviations standards autorisés par le
comité; les citations bibliographiques seront faites selon le mode de publication: article dans une revue,
partie d'un livre, livre entier, etc.

3° Les figures ou dessins originaux devront étre parfaitement nettes en vue de la réduction nécessaire.
La réduction sera faite dans le format 14,5X20,0 cm.

La premiére épreuve seule sera envoyée & l'auteur pour la correction.

-

Les membres de la Société peuvent publier 7 pages imprimées sans frais d’impression dans la
mesure 3 leur manuscrit qui ne demande pas de frais d’impression excessifs (pour des photos couleurs,
par exemple). Dans les autres cas, y compris la présentation d’un non-membre, tous les frais seront
a la charge de ['auteur.

Cinquante tirés-a-part peuvent étre fournis par article aux auteurs & titre gratuit. On peut em
fournir aussi un plus grand nombre sur demande, par 50 exemplaires.

Les manuscrits devront étre adressés directement au directeur de publication de la Société: Y.
YAMAGUCHI, Université des Péches de Tokyo, Konan 4-5-7, Minato-ku, Tokyo, 108 Japon; ou bien au
rédacteur étranger le plus proche: H. J. CECcaLDI, EPHE, Station marine d’Endoume, rue Batterie-
des-Lions, 13007 Marseille, France; E.D. GOLDBERG, Scripps Institution of Oceanography, La Jolla,
California 92093, Etats-Unis; T. ICHIYE, Department of Oceanography, Texas A & M University,
College Station, Texas 77843, Etats-Unis; ou T. R. PARSONS, Department of Oceanography,
University of British Columbia, Vancouver, B. C. V6T 1W5, Canada.



La mer 33, 63-75, 1995
Société franco-japonaise d’océanographie, Tokyo

A numerical experiment on the path dynamics
of the Kuroshio south of Japan
Part 1. Coastal topographic effect’

Mingqgiu ZHANG™* and Yoshihiko SEKINE""

Abstract: Effects of the coastal topography on the path dynamics of the Kuroshio are studied
by use of a two layer numerical model. Realistic coastal topographies south of Japan with a flat
bottom is employed as Part 1 of this study. A straight path is formed when in- and outflow vol-
ume transport is relatively small (30 Sv). If the in- and outflow volume transport of 55 Sv is
given, two cyclonic eddies southeast of Kyushu and Kii Peninsula and two anti-cyclonic eddies
southwest of Kyushu and south of Shikoku are formed and a large meander path is formed. It
is shown from vorticity balance that advection term is balanced with the planetary beta term
in offshore region, while the advection term is balanced with the friction term near the coastal
boundary. If in- and outflow volume transport of 70 Sv is given, more amplified large meander
path is formed. However, if the in- and outflow volume transport is increased to 80 Sv, a differ-
ent flow pattern with the dominant eastward flow from south of Kyushu is formed. It is
pointed out that a critical maximum volume transport exists for the generation of large mean-
der path. In the cases with large meander path, current path commonly separates from the
Cape Muroto. If only the coastal topography corresponding to the Kii Peninsula is excluded
from the numerical model, separation point of the mean flow at the Cape Muroto is not
changed. However, the separation point shifts to east of the Cape Muroto, if the coastal topog-
raphy corresponding to the Cape Muroto is excluded. If both coastal topographies of the Cape
Muroto and Kii Peninsula are excluded, the separation point shifts further downstream. It is re-
sulted that the topographic effect of the Cape Muroto has an important influence on the path

dynamics of the Kuroshio south of Japan.

1. Introduction

The kuroshio south of Japan is a western
boundary current of the subtropical circulation
in the North Pacific. It has been widely ac-
cepted that the Kuroshio has a bimodal path
characteristics between a straight path and a
large meander path (e.g., TAFT, 1972; NITANI,
1975; Isuii et al., 1983). There have been various
studies on the bimodal path dynamics of the
Kuroshio. In early studies (e.g. WHITE and Mc-
CREARY, 1976; CHAO and MCcCREARY, 1982;
MASUDA, 1982), the Kuroshio takes large mean-
der path when the volume transport and/or the
current velocity of the Kuroshio is relatively

* Received December 7, 1994

** Institute of Oceanography, Faculty of Biore-
sources, Mie University, 1515, Kamihama, Tsu,
Mie, 514 Japan

small, because the large meander of the
Kuroshio is considered essentially as a station-
ary Rassby wave in the zonal flow. In contrast
to these studies, it is shown by some later
studies (e.g. YOON and YASUDA, 1987, SEKINE,
1988; 1990; AkiToMO et al, 1991) that the
Kuroshio takes the large meander path when
the volume transport is relatively large. The
difference between the early and later studies
is the inclusion of topographic effect of north-
ern coastal topography inclination from zonal
direction in the later studies. In particular,
AkiTOMO et al. (1991) showed important topo-
graphic effects of Kyushu and Kii Peninsula on
the path dynamics of the Kuroshio. They also
showed that these topographies give mean
flow the positive vorticity, which is necessary
for the generation of large meander path. How-
ever, because coastal topographies south of
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Fig. 1. (a) Domain of numerical experiments (stippled area) of F30, F55, F70 and F80
shown in Table 2. (b) Domain of FKN55, (c) FMN55 and (d) FMKN55. Closed areas
in (b), (¢) and (d) are excluded from the domain of (a). Two arrows in (a) indicate
the boundary with in- and outflow.

Japan are significantly simplified in their
model, details of the coastal topographic effects
south of Japan were not fully discussed.

In the present study, we model more realistic
topographies south of Japan and examine the
coastal and bottom topographic effects on the
path dynamics of the Kuroshio. As Part 1 of
this study, we assume a flat bottom ocean with
a depth of 3800 m and coastal topographic ef-
fects on the path dynamics of the Kuroshio are
examined. The bottom topographic effects of

the continental slope and Izu Ridge will be dis-
cussed in Part 2 of this study (ZHANG and
SEKINE, 1995). In the following, model charac-
teristics are described in the next section, re-
sults of numerical experiments in section 3 and
summary and discussion in section 4.

2. Numerical model

A two layer ocean is assumed and the upper
layer and lower layer have a constant density
o and o + A p, respectively. We adopt a
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Fig. 2. Initial condition of F30. (a) Spatial distribution of volume transport function, (b)
upper layer thichness, (c¢) velocity fields of upper layer and (d) those of lower layer.
The contour intervals of the volume transport function and the upper layer thickness
are 5 Sv and 50 m, respectively. Areas with negative volume transport or thinner
upper layer thickness less than 500 m are stippled.

Cartesian coordinate system on a S8 plane with
z-axis to east, y-axis to north and z-axis to up-
ward. The vertically integrated equations for a
two-layer Boussinesq fluid in hydrostatic bal-
ance are

Gthl _ 614%/11 “auﬂJ]h] _L hﬁ
ot ox oy po " or
+fvihy + AV ik (1)
61,{1]11 _ 6u1u1h1 _ 6»%1 ‘L h,g
ot ox 0oy
+ fuih, +Ahvszh (2)
%_ o a’l,hhl _6U1h1
o or oy (3)

Oushs _ Ouh, _6u2V2h2 _ /0 gh o¢

ot ox oy “or
Ap 077 + fuahy +AhV2ud12 (4)

61/2h2 _ aauyhz _Owohy o h_@g

ot or oy 00" 5y
+ 0 g0, Tt fuihy + Ay (5)

Ohs _ _ Oushs  Ovohs
or oxr oy (6)
where

h=H+n, {79 H, 7
h.=D—H—n. (8)

The rigid lid approximation is assumed and
we introduce the total volume transport func-
tion
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U1h1+u2h2:_‘g“$‘, (9)
vihi+ Uzhz:%. (10)

Then, the equations (1)-(6) are transformed
into the vorticity equation for the barotropic
mode with a flat bottom ocean:
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horizontal velocity distribution of in- and out-
flow is assumed and only eastward velocity
component is given at the boundaries:

(uy, vy) = (ug sin{%y}, 0), (18)

(uz, v2)=(0, 0). 19)

oz 0 P P

ot

Total change

et (Gt grm)} o

(52« o

))

01/ 0 0 01/ 0 0
o 1D (ot *@“5’“)} +5y*{“5(a”§h2 *7@"2”%2)} Advection
BoP ;
Beta term "~ Doz +AVZ ‘Friction (1D

and shear equation for the baroclinic mode:

Table 1. List of symbols

%St—“ - —%f—gg% 1S, + AV, . —
Coul duw +M N Busvs 12) u:(i=1, 2) velocity in the x-direction
or oy or oy vi(i=1, 2) velocity in the y-direction
oS, h(i=1, 2) layer thickness
ja‘f_ - 4%9% S AVA, n interface deviation positive downward
_ Ouwy  Ovt n Ousvy +@ (13) from mean interface level
ox oy or oy’ D total depth (D=3.8x%10°cm)
where H mean upper layer thickness (H=4.0 X
10‘cm)
7= i(ﬂ) +i(ﬂ> (14) ¢ surface deviation from average surface
0x \ Dox /oy \ Doy level
Su= uwi— u (15) f Coriolis parameter (f,=6.19 X 10 *sec ")
B linear change rate of the Coriolis pa-
S,=v,i— v» (16) rameter in the y-direction ( 8 =2Xx 10"
cm sec™")
The continuity equation for the above system g acceleration due to gravity (¢=980cm
is sec™®)
o0 dhats hs g reduce(?zgraV1ty (g*(Ap/p) Xg=287
o= on + 3 an cm sec %) .
O mean density over the upper and lower
The symbols used in the above equations are layer
tabulated in Table 1. Schematic view of the Ap density difference between upper and
model ocean is shown in Fig.l. The system is lower layer
driven by in- and outflow through the open A, horizontal eddy viscosity coefficient
boundary. For the initial state, the flow is (A,=10"cm?*s™")
given only in the upper layer and the lower Subscripts quantities in the upper and lower layer,
layer has no motion (Fig. 2). Sinusoidal 1 and 2 respectively
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Table 2. Parameters, in- and outflow transport, coastal topographies
for the experments discussed in this study

Volume transport of  Maximum Velocity of inflow  Topography of Kii Topograhpy of

Runs in- and outflow (Sv) uo(cm sec™) in (18) Peninsula Cape Muroto
F30 30 61.9 Yes Yes
F55 55 100.7 Yes Yes
F70 70 121.1 Yes Yes
F80 80 133.7 Yes Yes
FKNb5 55 100.7 No Yes
FMNb5 55 100.7 Yes No
FMKNb55 55 100.7 No No
d
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Fig.3. Result of F30 shown by (a) volume transport function (upper) and the upper layer
thickness (lower) and (b) upper and lower layer velocity fields. The contour interval
in (a) is the same as in Fig. 2. No velocity vectors less than 5 cm sec™ are plotted.



68 La mer 33, 1995
a FUNCTION

STRERM FU STREAM FUNCTION STREAM FUNCTION ] o

100. DAYS 250. DAYS 2000. DAYS 367N,

55. SV 55. Sy o
36
34°
32°
30°
28°
26°

. 24°
130°€E  135° 140° 145° 130°€ 135° 140° 145° 130°E 135° 140° 145°

INTERFARCE INTERFACE INTERFACE

100. DORYS 250. DAYS 2000. DAYS

55. Sv 55. Sy 55. Sv

130°E  135° 140°  145° 130°€

135°

140° 5° 130°E  135° 140° 145°

2000. ORYS
55 SV

UPPER LRYER
—— 100CcH/S

2000. DRYS
55. SV
LOVER LAYER
—= 100CH/S

130°€ 135° 140° 148° 130°E

135°

T 140° 145°

Fig. 4. Same as in Fig. 3 but for F55. The contour interval of the volume transport func-

tion is 10 Sv.

Where L=158 Km is the width of in- and out-
flow, u, is the maximum velocity at the center
of in- and outflow. Viscous boundary condition
is imposed on the northern boundary and slip
condition is imposed on the other open bounda-
ries. In the numerical calculation, we adopt a
rectangular grid with horizontal spacing of 18.7
Km along z - axis and 15.8 Km along y - axis.
In the present study, seven cases of numeri-
cal experiments with defferent model character
are performed (Table 2). Firstly, the realistic
coastal topography shown in Fig. 1 is assumed
and different in- and outflow volume transport
of 30 Sv (1 Sv 10* cm®sec™), 55 Sv, 70 Sv

and 80 Sv are given, which are referred as F30,
Fh5, F70 and F80, respectively. Secondly, to see
the specified topographic effect of Cape Muroto
and Kii Peninsula, additional three experi-
ments are performed: the coastal topography of
Kii Peninsula is excluded in FKN55 (Fig. 1b).
In next, the coastal topography of Cape Muroto
is excluded in FMN55 (Fig. 1c) and both Cape
Muroto and Kii Peninsula are excluded in
FMKNS55 (Fig. 1d) . These models are driven
by the in- and outflow with the volume trans-
port of 55 Sv. The horizontal velocity distribu-
tion of in- and outflow at the boundaries is
similar to all experiments and u, in (18) is
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ADVECTION

FRICTION

Fig. 5. Spatial distribution of vorticity change in Eq. (11) for F55 averaged over 1500—
2000 days. The contour interval is 16X 107" s and regions with negative value less

than —1.5X107"* s are stippled.

listed in Table 2.

3. Results -

The result of F30 is shown in Fig. 3. The cur-
rent path is stable and flows along northern
boundary. The velocity fields (Fig. 3b) show
that the upper layer flow runs along the north-
ern boundary. Some anti-cyclonic circulations
are detected in southwest of Kyushu, off
Shikoku and off Enshu-nada in the lower layer.
The result of F55 (Fig. 4) shows that two
cyclonic eddies are formed in southeast of
Kyushu and east of Kii Peninsula and total
flow pattern shows an observed large meander
path after about 250 days. This large meander
path is stable and maintained stationary. It is
showed from the velocity fields (Fig. 4b) in the
upper layer that two separation of the current
path are detected at southeast of Kyushu and

at east of Kii Peninsula. In the lower layer, two
cyclonic circulation southeast of Kyushu and
east of Kii Peninsula are more enhanced in
comparison with F30. In order to see basic dy-
namics of a large meander path of Fb5, spatial
distribution of the vorticity change in Eq. (11)
is shown in Fig. 5. It is shown that the friction
term is mainly balanced with advection term
near the coastal boundary, but the planetary
beta term is mainly balanced with advection
term in offshore region. It is resulted that ob-
tained large meander path is essentially consid-
ered as a stationary Rossby wave. It should be
noticed that the advection of negatibe vorticity
from Cape Muroto is prominent, which shows
that current path separates from Cape Muroto
and forms the large meander path by the plane-
tary beta effect.

Almost similar flow pattern to F55 is de-
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Fig. 6. Same as in Fig. 3 but for F70. Contour interval of the volume transport function is

20 Sv.

tected in F70 (Fig. 6). However, the large me-
ander path is relatively amplified. The volume
transport of two cyclonic eddies southeast of
Kyushu and Kii Peninsula are about 48 Sv and
28 Sv, while those of F55 are 19 Sv and 7 Sv, re-
spectively.

Enhanced large meander path is also gener-
ated in early stage of F80 (Fig. 7.) However,
after about 250 days, the cyclonic eddy south-
east of Kyushu is weakened and a northward
flow east of Kyushu is changed to flow east-
ward. This eastward flow is further developed
and it runs zonal direction to southeast of Kii
Peninsula. Conversely, the cyclonic eddy off

Kii Peninsula shifts westward and a weak wide
cyclonic area is formed in the northern side of
zonal flow. Anti-cyclonic circulation develops
on southern side of the zonal flow. Because
this zonal flow is due to large eastward
advection by the mean flow, this flow is consid-
ered as a new flow pattern that exists in larger
nonlinear (inertial) stage than the large mean-
der stage appeared in F55 and F70. It is sug-
gested that there exists a critical maximum in-
and outflow volume transport and/or current
velocity for the generation of large meander
path.

Spatial distribution of volume transport
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Fig. 8. Results shown by the horizontal distribution of volume transport function. (a)
FKNB55, (b) FMN55 and (¢) FMKN55. The contour interval is 10 Sv and regions with

negative value are stippled.

function of FKNb5 is shown in Fig. 8a. Al-
though large meander path is almost similar to
F55, volume transport of the cyclonic eddy off
Kii Peninsula with 12 Sv is larger than that of
F55 (7Sv). It is shown from the spatial distri-
bution of vorticity change (Fig. 9a) that the
advection of negative vorticity from Cape
Muroto is very significant, which suggests that
current path separates at Cape Muroto.

To see this more clearly, the contours of 10
Sv, which represents the northern latitude of
the mean flow, is shown in Fig. 10. It is noted
that almost common spacial distribution of 10
Sv contour is detecetd between F55 and
FKNbG5. It is thus resulted that the separation
point at the Cape Muroto is not changed, even
if the coastal topography of Kii Peninsula is ex-
cluded. Result of FMN55 (Fig. 8b) shows that
the current path runs along the northern
boundary off Shikoku. In comparison with the
flow pattern of F55 (Fig. 4), current path off
Cape Muroto shifts to further northeastward.
The spatial distribution of the vorticity change
(Fig. 9b) shows the advection of negative
vorticity from Kii Peninsula. it is indicated
from Fig. 10 that the separation of the current
path of FMNb55 shifts downstream in compari-
son with F55. The eastward shift of the separa-
tion point is more enhanced in FMKN55. It is
concluded that the separation point of the cur-
rent path shifts eastward, if the coastal topog-
raphy of Cape Muroto is excluded, however,
the separation point is not changed if the kii
Peninsula is excluded.

4. Summary and discussion

We have examined the coastal topographic
effect south of Japan on the path dynamics of
the Kuroshio path. As a Part I of this study, a
flat bottom model with a depth of 3800 m is as-
sumed. The main results are summarized as
follows:

(1) Only a stationary straight path is
formed, if in- and outflow volume transport is
30 Sv. However, a large meander path is
formed, if in- and outflow volume transport of
55~70 Sv is given. It is shown from spatial dis-
tribution of the vorticity change that
advection term is balanced with friction term
near the northern boundary, while advection
term is balanced with planetary beta term in
offshore region. The large meander path is
considered as a stationary Rossby wave.

(2) In case with in- and outflow volume
transport of 80 Sv, dominant zonal flow from
south of Kyushu to southeast of Kii Peninsula
is formed by the large eastward advection of
the main flow. It is shown that there exists a
critical maximum in- and outflow volume
transport and/or current velocity for the gen-
eration of a large meander path.

(3) If the topography of Kii Peninsula is ex-
cluded from the model, large meander path is
almost similar to the case with realistic coastal
topography and separation point of the current
path from the northern boundary is not
changed. However, if the topography of Cape
Muroto is excluded, separation point shifts to
downstream. It is resulted that the current
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. 10. Contour of the 10 Sv volume transport, which
represents the northern most latitude of the
mean flow. Coastal topographies for each model
are also shown.

path has a strong tendency to separate at Cape
Muroto.

In the above results a large meander path is o

formed when the volume transport is relatively
large in the present study. This result agrees
with the later studies (YOON and YASUDA, 1987;
SEKINE, 1988, 1990; AKITOMO et al. 1991) with in-
clined coastal topography south of Japan. It is
pointed out that the inclusion of northern
coastal topography from east-west direction is
necessary for the investigation of the path dy-
namics of the Kuroshio south of Japan.
YamacaTa and UmaTant  (1989)  and
AKITOMO et al. (1991) showed the important
topographic effect of Kii Peninsula for a large
meander path. However, it is shown from this
study that large meander path usually sepa-
rates from Cape Muroto. It is needed to con-
sider the details of the coastal topographic
effects south of Japan on the actual path dy-
namics of the Kuroshio. Although only the
coastal topographic effect has been studied in
the present study, topographic effect of the bot-
tom slope is also important for the path dynam-
ics of the Kuroshio. "As the Part I of this

study, the topographic effect of the continental

slope south of Japan and Izu Ridge will be ex-
amined.
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A numerical experiment on the path dynamics
of the Kuroshio south of Japan
Part 2. Bottom topographic effect”

Mingqiu ZHANG** and Yoshihiko SEKINE**

Abstract: On the basis of the results of Part I (Zhang and Sekine, 1995), effects of bottom and
coastal topographies on the path dynamics of the Kuroshio south of Japan are investigated by
using of a two layer model. The realistic coastal and bottom topographies south of Japan are
modeled and twelve experiments with different bottom slope, different volume transport of in-
and outflow and different coefficient of horizontal eddy viscosity are performed. In the cases
with the realistic bottom topography and relatively large horizontal eddy viscosity (A,=10"
cm’sec” '), current path flows along northern boundary and the large meander path is not
formed. As for these cases, main vorticety balance is made between the divergence term and
coupling term, which indicates the stability of the current path over the continental slope. This
tendency is also detected in the cases with decreased bottom slope (half ~ 1/10 of the realistic
bottom slope). However, formation of large meander path is carried out in the model with rela-
tively small eddy viscosity (A,=5X10°cm’sec "), decreased bottom slope (1/10) and large in-
and outflow volume transport of 80 Sv. In this case, large kinetic energy in the lower layer is
generated by the occurrence of baroclinic instability and the main vorticity balance is made
among advection, divergence and coupling terms, which shows the increase in the inertial ef-
fects in comparison with the cases with large eddy viscosity. It is suggested that the large me-

ander path is made by the baroclinic instability under strong inertial condition.

1. Introduction

The Kuroshio south of Japan has two repre-
sentative current paths between straight path
and large meander path. In Part 1 of the pre-
sent study (ZHANG and SEKINE, 1995), the
coastal topographic effect was examined by
use of a two layer flat bottom model. As the
succeeding study of Part I, we further investi-
gate the bottom topographic effect on the path
dynamics of the Kuroshio. There have been
various studies on the bottom topographic ef-
fect: if effects of friction and density stratifica-
tion are neglected, a geostrophic flow has a
very strong tendency to be vertically coherent
flow and runs along f/h contours, where f is
Coriolis parameter and h total depth of the
ocean (e.g. PEDLOSKY, 1979). Here, because
change in f is relatively small in local flow dy-
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** Institute of Oceanography, Faculty of Biore-
sources, Mie University, 1515, Kamihama, Tsu,
Mie, 514 Japan

namics, the flow actually runs along isopleths
of h. If effects of density stratification is con-
sidered, the tendency of vertical coherence is
weakened.

In the regions of the Kuroshio south of
Japan, there exist various bottom topographies
such as the continental slope and the Izu Ridge.
Most of the previous studies on the path dy-
namics of the Kuroshio have been focused on
the coastal topographies and intensity of vol-
ume transport (current velocity) (e.g. WHITE
and MCcCREARY, 1976; CHAO and MCCREARY,
1982; CHAo, 1984; Yoon and YAsuDa, 1987;
SEKINE, 1988; YAMAGATA and UMATANI, 1989;
AKITOMO et al., 1991). However, bottom topo-
graphic effects have not been fully discussed in
the previous studeies. SEKINE (1990) investi-
gated the bottom topographic effect south of
Japan. However, because the straight northern
coastal boundary topography is assumed in
SEKINE (1990), path dynamics of the Kuroshio
was not fully discussed. In this study, we ex-
amine the coastal and bottom topographic
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lower than 1000 m are stippled.

effects on the path dynamics of the Kuroshio
by use of a numerical model with realistic
coastal and bottom topographies south of
Japan.

2. Model

A two layer ocean with bottom and coastal
topographies shown in Fig. 1 is employed.
Here, coastal boundaries are the same as those
in Part 1 and only the realistic bottom topog-
raphies south of Japan are added. The basic
equations are the same as those in Part 1, ex-
cept for the vorticity equation. Because of the
inclusion of bottom slope, two topographic
terms, divergence and coupling terms, are

Model basin. Contour of isobar is shown by every 1000 m. Regions with depth shal-

added in the vorticity equation: the divergence
term estimates total divergence or conver-
gence of upper and lower layer over the bottom
slope, while the coupling term estimates
stretching or shrinking between the interface
gradient and bottom slope. The vorticity equa-
tion is as follows (for all the symbols, see Table
1 of Part 1):

In- and outflow systems, initial and bound-
ary conditions are also the same as those in
Part 1. In the present study, twelve runs with
different bottom topographies, horizontal eddy
viscosity, and in- and outflow volume trans-
port are performed (Table 1). Here, mean
depth of the model ocean is assumed to be 3800

2| - (i + @u%hl)} +%{%<§;u¥hl +%“1”1’“>}
Total ch
T e (L L)} + 2 (L L)} | ecton
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Table 1. Parameters and model conditions for the experiments.

In- and outflow

Bottom topographic

Coefficient of horizontal

Runs transport (Sv) parameter: a in (2) eddy viscosity (A, cm’sec™)
B30T 30 1.0 107
B55T 55 1.0 107
B80T 80 1.0 107
B30T05 30 0.5 107
B55T05 55 0.5 107
B80T05 80 0.5 107
B30TO01 30 0.1 107
B55T01 55 0.1 107
B80TO1 80 0.1 107
B30TO1E 30 0.1 5X10°
B55TOLE 55 0.1 5x10°
B80TO1E 80 0.1 5x10°

m and actual depth D (in meter) for each run
are given as

D=3800+ a (Dr—3800) (2)

where, Dr is the total depth of the realistic bot-
tom topography shown in Fig. 1. In the first
phase, the realistic bottom topography (a =1.
0) is given and three cases with different in-
and outflow volume transport of 30, 55 and 80
Sv (10%cm?®sec™') are performed (Table 1).
These runs are referred to as B30T, B55T and
B80T. In the second phase, because effect of
the bottom topography has a tendency to be
enhanced in a two layer model, six runs with
small bottom slope (a =05 and a =0.1) are
performed. Here, three different in- and out-
flow volume transport similar to the first phase
are imposed and they are referred to as B30T05,
B55T05 and B80T05 for runs with a =0.5, and
B30T01, B55T01 and B80TO01 for runs with a =
0.1. In the third phase, although relatively
large coefficient of horizontal eddy viscosity
(A,) of 107cm?®sec™ ! are assumed for all the
above runs, relatively small eddy viscosity
with A,=5X10%cm?ec™'is given for this case.
a is fixed to be 0.1 and three different in- and
outflow similar to the previous cases are per-
formed. So these runs are referred to as
B30TO1E, B55TO1E and B80TO1E.

3. Results
The results of B30T, Bb5T and B80T are

shown Fig. 2. Main current path commonly
flows along the northern boundary and large
meander path is not formed. Three runs have
similar velocity patterns and it is shown from
the velocity fields of B80T (Fig. 3a) that the
main current in the upper layer flows along the
northern boundary and goes over the Izu
Ridge. It is detected from the spacial distribu-
tion of the term balance in the vorticity equa-
tion (1) of B80T (Fig. 4) that main vorticity
balance is made by divergence term and cou-
pling term. This balance indicates the
barotropic (divergence) and baroclinic (cou-
pling) adjustment of the flow over the bottom
slope. The upper layer mean flow over the con-
tinental slope is almost stable (e.g., SEKINE,
1992) and formation of large meander path is
suppressed.

The results of B30T05, B55T05 and B80T05
are shown in Fig. 5. All the current paths flow
along the northern boundary and large mean-
der path is not formed. Almost similar results
are obtained for B30T01, B55T01 and B80TO01
shown in Fig. 6. It is shown from the vorticity
balance of these models (not shown) that al-
though the advection term is enlarged in com-
parison with the cases of a =1, it is still smaller
than the two bottom topographic terms and
the vorticity balance is almost similar to that
shown in Fig. 4. However, a different process is
detected in early stage of B80T01 (Fig. 6¢): the
cyclonic circulation south of Shikoku is formed
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Results of the cases with @ =1 and A,=10cm’ec™' shown by the isopleth of vol-

ume transport function (stream function) and upper layer thickness (interface). (a)
B30T, (b) B55T and (c) B80T. The contour interval of the volume transport function
is 5 Svin (a), 10 Sv in (b) and 20 Sv in (c). Contour interval of the upper layer thick-
ness is 50 m. Regions with negative volume transport function and those with the
upper layer thickness thinner than 500 m are stippled.

by 100 days but decays in a short time. Fur-
thermore, the anti-cyclonic circulation off
Shikoku is advected eastward and a relatively
large anti-cyclonic circulation is formed over
the Izu ridge. During the advection of the anti-
cyclonic circulation, the upper layer thickness
does not correspond to the change in the vol-
ume transport function (Fig. 6d), which indi-
cates that this processes is a barotropic
phenomenon. It is suggested that the anti-
cyclonic circulation off Shikoku is advected by
the larger eastward mean flow and blocked by
bottom topography of the Izu Ridge. It is also
suggested that because the main flow runs
rather northward in the eastern side of the Izu
Ridge, the eastward advection of the anti-
cyclonic circulation is suppressed by the weak-
ened eastward flow.

Results of B30TO01E, B55T01E and BS8O0TOIE
with relatively small coefficient of horizontal
eddy viscosity are shown in Fig. 7. Current
paths of B30TO1E and B55T01E (Fig. 7a,b) flow

along the northern boundary and the straight
path is formed. Eastward advection of the anti-
cyclonic circulation off Shikoku, which is simi-
lar to B80TO1 (Fig. 6¢), occurs in B55T01E in
periods of 300 ~ 550 days. In B80TO1E (Fig.
7c), a cyclonic eddy east of Shikoku is formed
and a stable large meander path is formed after
about 250 days. The cyclonic eddy accompa-
nied by the large meander path develops
slightly upto about 1000 days. The velocity
fields (Fig. 3d) show a different flow pattern
from those of the above models: the main upper
layer flow shows the separation in south of Kii
Peninsula and significant cyclonic eddies and
anti-cyclonic eddies are formed in the lower
layer.

The time change kinetic energy in the lower
layer is shown in Fig. 8. The kinetic energy of
B80T, B80T05 and B80TO1 attains stationary
value in relatively early stage by about 300
days, however, that of BBOTO01E increases upto
about 1000 days. Because the large meander
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plotted.

The increase in the kinetic energy in the lower
layer is also detected in B80T01, of which peri-

ods coincides with the development of the anti-

path is formed before 1000 days, the large ki-
netic energy in the lower layer of BS8OTO1E in-
dicates the occurrence of baroclinic instability.
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cyclonic eddy off Shikoku shown in Fig. 6c.
However, the increase of the kinetic energy is
ceased after 50 days, which indicates the finish
of the occurrence of baroclinic instability. It is
inferred that the ending of the baroclinic insta-
bility causes no occurrence of the large

meander path in B80TO0L. It is shown from the
velocity fields of B8OTO1E (Fig. 3d) that the
cyclonic eddy south of Kii Peninsula is promi-
nent in the lower layer, which agrees with the
observational evidence (ISHI et al., 1983; SEKINE
et al., 1985) that the cyclonic eddy accompanied
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by the large meander path of the Kuroshio has
a deep structure and it is not confined to the
upper layer. It is suggested that the observed
cyclonic flow structure in the deep layer is as-
sociated with the baroclinic instability of the
mean flow.

The spatial distribution of the vorticity
change in Eq. (1) of B80TO1E is shown in Fig.
9. It should be noted that the dominant balance

between divergence term and coupling term
shown in Fig. 4 is weakened and the main bal-
ance is made among the advection, coupling
and divergence term. It is resulted that large
advective effect is further necessary for the for-
mation of the large meander path.

4. Summary and discussion
As a succeeding study of Part 1 (ZHANG and
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SEKINE, 1995), we have examined the bottom
and coastal topographic effects on the path dy-
namics of the Kuroshio by use of a two-layer
numerical model. The main results of the pre-
sent study are summarized as follows:

(1) A straight path is formed in case with the
realistic bottom topography (a =1) and rela-
tively large eddy viscosity (A,=10"cm?’sec™!).
It is shown from the vorticity balance that di-
vergence term and coupling term are balanced,
main flow in the upper layer over the continen-
tal slope is stabilized by the topographic effect
of the bottom slope and the formation of large
meander path is suppressed.

(2) A straight path is also formed in the
cases with decreased bottom slope (a =0.5 and
0.1) and relatively large eddy viscosity. In the
run of B80TO01, anti-cyclonic circulation off
Shikoku is advected eastward and a relatively
large anti-cyclonic circulation is formed over
the Izu Ridge. This is due to the advection by
large eastward mean flow and blocking by bot-
tom topography of the Izu Ridge.

(3) A stable large meander path is formed in
the case (B80TO1E) of small eddy viscosity
(A»=5X10%m%sec™Y, small bottom slope of a =
0.1 and large in- and outflow volume transport
(80 Sv). Large kinetic energy in the lower
layer is generated in thes case, which indicates
the occurrence of baroclinic instability. The
main vorticity balance is made among diver-
gence, coupling and advection terms. It is sug-
gested that the baroclinic instability with
strong inertial effect is necessary for the gen-
eration of large meander path under the stabi-
lized effect of continental slope.

On the whole, the current path is stable and
formation of large meander path is suppressed
in comparison with the results of Part I. It is
suggested by SEKINE (1992) that a flow over
the continental slope south of Japan is almost
stable by use of a simplified model proposed by
IKEDA (1983). For the generation of a large me-
ander path, a flow must go across isopleths of
depth of the continental slope and large iner-
tial effect is necessary. This causes the differ-
ence between the results of the present study
and those of Part 1. However, it is shown from
this study that the topographic effect is weak-
ened if the coefficient of horizontal eddy

1995

viscosity is decreased. Because observed flow
character viewed from satellite imagery is gen-
erally perturbed more significantly than the
flow pattern of B80OTOLE, it is indicated that
more turbulent flow should be modeled in nu-
merical experiment. To examine this point, a
model with higer spatial resolution is neces-
sary.

It was shown by Part I that a small mean-
der southeast of Kyushu is stable and en-
hanced cyclonic eddy is formed on its coastal
side. This result is not consistent with the ob-
servational evidence that almost of small me-
ander off Kyushu decays in a several months
(SEKINE and ToBa, 1981). However, because a
few of the small meanders off Kyushu shifts
eastward and develops into large meander path
(e.g., SHOJIL, 1972; KAWABE, 1980; SEKINE, 1992),
time evolution of the small meander is very im-
portant for the path dynamics of the Kuroshio.
In the present study, clear small meander with
a cyclonic eddy off Kyushu is not simulated for
all the cases. It is shown by SEKINE and ToBa
(1981) that the formation of the small meander
off Kyushu is carried out in periods of the in-
crease in the Kuroshio velocity at the Tokara
Strait. Although the time change in the vol-
ume transport is not considered in the present
study, the time change in the volume transport
(current velocity) is necessary for the simula-
tion of dynamics of the Kuroshio south of
Japan.
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Wind-driven current in Tokyo Bay, Japan during winter”

Xinyu GUO"" and Tetsuo YANAGI™”

Abstract: The residual currents in Tokyo Bay driven by the southward wind during winter are
calculated using a three-dimensional numerical model. On the basis of reproduced horizontal
currents system, the verical current is examined. A vertical circulation with westward flow in
the upper layer and eastward flow in the lower layer is induced by the Ekman transport along
the east-west section. On the other hand, another vertical circulation with seaward flow in the
upper layer and landward one in the lower layer induced by the sea surface gradient along the
north-south sec-tion is thought to play a second role in the vertical circulation in Tokyo Bay
during winter. The generation mechanism of the vertical flow is proposed to explain the differ-
ent characters between the vertical current around the mouth area of the bay and that around
the head area of the bay. The same mechanism is expected to take effect in other bays or straits

with similar bottom topog-raphy to Tokyo Bay.

1. Introduction

Tokyo Bay is the semi-enclosed bay situated
at the central part of Japan, which communi-
cates with the Pacific Ocean through the nar-
row Uraga Strait. Averaged water depth is 17
meters and the surface area is about 1000km?.
From the mouth to the central part of the bay
the sea bottom rises very rapidly. But from the
central part to the head of the bay, the sea bot-
tom rises gradually (Fig.1). Another character
of the water depth is that the water depth dis-
tributes unsymmetrically to the main axis of
the bay, where the water depth is deep along
the western coast and shallow along the east-
ern coast. It will be seen that such unsymme-
trical distribution of the water depth may
affect the wind-driven current system there.

The circulation of Tokyo Bay in winter has
been investigated by field observations for
many times (NAGASHIMA and Okazaki, 1979;
UNOKI et al., 1980; MURAKAMI and MORIGAWA,
1988; SHIOZAKI et al, 1988). Figure 2(a) is the
residual currents system which was made on
the basis of the observed data (Unoki, 1985).
By the analysis of cross-correlation between
the residual currents and wind, it has been con-
cluded that the clockwise circulation in Tokyo

" Received January 17, 1995
" Department of Civil and Ocean Engineering,
Ehime University, Matsuyama 790, Japan

Bay during winter should be mainly due to the
southward or southwestward wind above
Tokyo Bay during winter (UNOKI et al., 1980).
This view has been supported by many nu-
merical calculations in which the numerical
model is horizontal two dimensional one
(NAGASHIMA, 1982; IKEDA et al., 1981) or three di-
mensional one (ODAMAKI et al., 1990). Up to
now, it can be said that we have understood the
general pattern and the main generation force
of the horizontal residual currents in Tokyo
Bay during winter. However, for the research
of material transport processes, it is not enough
for us just to know the general pattern of the
horizontal residual currents. We have to carry
out more detailed works about the residual cur-
rents system, especially about the vertical re-
sidual circulation which has been thought to
relate closely to the material transport proc-
esses, by three-dimensional numerical calcula-
tion.

The purpose of this paper is to present a uni-
fied analysis about the response of Tokyo Bay
to the southward wind. With this aim in view,
careful attention is paid to the vertical compo-
nent of the wind-driven current.

In the second section of this paper, the model
and its application to Tokyo Bay are described.
The third section focuses on the comparison
between the calculated results and the ob-
served results in Tokyo Bay. In the fourth sec-
tion, the generation mechanism of the vertical
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flow is analysed by some simple numerical
models. Finally, the results of calculation are
summarized, their limitations are discussed
and suggestions for future work are presented.

2. Model
2.1. Formulation

Starting from the momentum equation in the
f-plane and the continuity equation, assuming

The water depth distribution and the position of four transections in Tokyo Bay.

constant and uniform water density, and intro-

ducing  hydrostatic  approximation for
linearzed motions, we get:
ow . O 1( %)
ot - ‘(‘61+6z A"Oz
0% azu)
+A”( P 0% (1
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-3m below P 5m above
the sea surface the sea bottom

5m above
the sea bottom

below
the sea surface }

(b)
Fig. 2. The observed residual currents (a) and the calculated wind-driven currents (b) in
Tokyo Bay during winter. The dot lines is the supposed flow pattern and the number
is the speed of the residual currents expressed in cm/s. (UNOKI, 1985).
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¢ =sea surface elevation,
u,v=horizontal current components,
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h=undisturbed water depth,
A,=vertical eddy viscosity coefficient,
Ar=horizontal eddy viscosity coefficient,
f=Coriolis parameter,
g—=acceleration due to gravity.
Equation (1) — (3) are written in the (z, y, 2)
coordinate system in which the horizontal co-
ordinate is laid at the undisturbed sea surface,
the vertical coordinate directs upwards.
Initially, a state of rest is assumed to exist.
At the surface and bottom the following condi-
tions are prescribed:
v
0z

z=—h:u=v=0 (5)

. Ou _ -
z—O.pAvaZ T,PAs Ty 4)

The wind stresses in equation (4) is defined as
.=CoptiNul +v2, T,=Capvyul +v: (6)

The symbols u. and v. denote the wind velocity
components, o, is the density of air, o is the
density of sea water, C, is the non-dimensional
drag coefficient. No normal flow and no slip
condition are allowed along the coastal line.
The problem is closed by postulating a sponge
condition at the open boundary.

The numerical solving method of above
equations is nearly the same as that when we
used in reproducing the three-dimensional
tidal currents in Tokyo Bay (Guo and YANAG],
1994). The differences are just the open bound-
ary condition and the condition applied on the
sea surface, which bring no difficulty on chang-
ing our program of computation.

2.2. Application to Tokyo Bay

In order to calculate the response of Tokyo
Bay to wind, we divide it by a mount of rectan-
gular grids with the 1km size in both x (east-
ward) and y (northward) directions. With this
grid size and a maximum depth of 200 meters,
the Courant-Friedrichs-Lewy stability criterion
gives the time step less than 16 seconds. As de-
scribed in our last paper (Guo and YANAGI,
1994), our numerical model is not absolutely
limited by this stability criterion. Thus we
choose 30 seconds as the time step in our calcu-
lation.

The parameters f, g and o were set equal to
8.469x 107%™, 980cm/s* and 1025kg/m’, respec-

1995

tively. Although there is no limit on the form
of the vertical eddy viscosity coefficient in our
numerical model, we still like to chose a con-
stant vertical eddy viscosity model (4, =10
cm?/s) to enclose our problem at first. This
value (4,=10cm?/s) has also been used by
ODAMAKI el al. (1990) in the calculation of
wind-driven current in Tokyo Bay. For the
horizontal eddy viscosity coefficient, we do not
have any experiences on deciding its value and
just want to follow the experiences of former
researchers (IKEDA et al., 1981; ODAMAKI et al.,
1990) and take 10°cm?/s as its value in our cal-
culation.

As for the non-dimensional drag coefficient
in equation (6), OrRLIC et al. (1994) have made a
complete review about it and taken it as 2.5 X
107* in their numerical simulation. In our
calcula-tion, we would like to calculate it ac-
cording to the formula given by HonpA and
Mitsuyasu (1980) based on many experimen-
tal data. The averaged wind speed above
Tokyo Bay during winter is about 5m/s and
the calculated value C, from the formula by
Honpa and MrTsuyasu (1980) is 1.17 X 10~ %,
Considering the land/sea wind difference, we
choose 1.3X107? as the value of C, in our simu-
lation. This value is the same as that used by
IKEDA et al. (1981). The density of air is taken
as 1.2x1073g/cm?®.

To be able to compare our calculated results
with the observed ones (Fig. 2 (a)), we want to
imposed a nearly real wind field in our simula-
tion. The observation, according to which the
winter residual current system shown in Fig. 2
(a) was drawn, was carried out from January
17th to February 22th in 1979 (UNOKI et al.,
1980). Meanwhile, the wind data at four sta-
tions (Tokyo, Yokohama, Tateyama and Chiba,
see Fig. 1) was recorded every three hours, too.
These wind data show clearly that the wind
blew from north on the most days of that pe-
riod and the averaged speed is about 5m/s.
Basing on this fact we impose a southward
wind field with the speed of 5m/s on the model
at the start of the computaion and kept con-
stant thereafter. The calculation was run for 48
hours after which a steady state is expected to
reach.
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3. Results
3.1. Comparison with observation

Firstly we would like to check the response
time of Tokyo Bay to the wind. The averaged
velocity # of all grid points whose time-
variation curve has the same meaning as that
of the kinetic energy of Tokyo Bay is calcu-
lated by the following equation:

~ 1 X 1
U= 2 (ut +ovd)z

Nz:1 (7)

where 7 represents the number of grid point

5 ( (cm/s)
4}
3}
ol
11
(hours)
1:? 2‘4 3‘6 4‘8

Fig. 3. The time-variation curve of the all points’ av-
eraged velocity.

and N is the whole numbers of grid in the bay.
The time-variation curve of this averaged ve-
locity (Fig. 3) shows that it just takes half a
day for Tokyo Bay to reach a steady state as
being blown by an uniform wind. In fact the
observed results (UNOKI et al., 1980) show that
after a northward wind blowing above Tokyo
Bay for 12 hours in winter, the residual cur-
rents pasttern becomes to an opposite one to
Figure 2(a). Such fact demonstrates this time
scale of 12 hours.

The main characters of the winter residual
currents system in Tokyo Bay described by
Unokir (1985) are: a clockwise horizontal circu-
lation exists in Tokyo Bay and this circulation
can be found either in the upper (—3m) or
lower (5m above sea bed) layers; The rela-
tively strong currents were found along the
eastern side in the upper layer and along the
western side in the lower layer; On the other
hand, a southward current exists along the
western coast, which usually should be due to
the fresh water coming from the rivers locating
along the western coast (Edo, Ara and Tama
Rivers shown in Fig. 1) in Tokyo Bay; at the
mouth of Tokyo Bay, a typical gravitational
vertical circulation can be found, that is, south-

N
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-10m below
the sea surface

The vertical ]
.4 averaged current |

Fig. 4. The horizontal currents at the depth of 10 meters (left) and the vertical averaged

currents (right) in Tokyo Bay.
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ward current in the upper layer and the north-
ward one in the lower layer (See Fig. 2(a)).
The calculated results at the same depth as
the above observation is shown in Figure 2(b).
From this figure, we can see: in the region such
as the eastern part of the bay where the density
current should be expected to be weak, the cal-
culated results fit the observed ones well; In
the region such as the western part of the bay
where the river water may highly influence the
residual currents system, the calculated results
do not fit the observed ones very well. Figure
4(a) is the flow pattern at the depth of 10 me-

33, 1995

ters which shows that the upwind current ex-
ists along the main axis of the bay where the
water depth is deep and the downwind current
exists along the coastal line where the water
depth is shallow. Such flow pattrn is also
found to exist in the Adriatic Sea by ORrLIC et
al. (1994). The mechanism of this flow pattern
has been investigated by NacasHiMa (1982)
and was attributed to the water depth varia-
tion along the transection of the bay. Figure
4(b) is the vertically averaged currents which
are nearly the same as those obtained by IKEDA
et al. (1981) and NAcasHiMA (1982) using a

Om -1 Om
10m
~ 10m
20m
-1 20m
30m
i —~ 30m
40m
50m 2 e 40m
Om -, Om
5m
10m
10m
20m
15m
30m |-

20m

Inflow

Fig. 5. The flow patterns across the four transections along the main axis of Tokyo Bay.

The contouring interval is 2cm/s.
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horizontal two dimensional numerical model.
It is on this figure that a clockwise circulation
can be seen clearly existing at the central part
and at the head of the bay.

Figure 5 is the currents across four
transections whose positions are shown in Fig-
ure 1. This figure tells us that along all
transections the outflow currents exist in the
surface layer and in the shallow part and the
inflow currents exist in the deep part. Such cir-
culation means that an upwelling and a
downwelling region should exist around the
head and the mouth of Tokyo Bay, respec-
tively. However, to what extent such

upwelling or downwelling develop, we do not
know now. To answer this question we have to
calculate the vertical residual current to see
where the upwelling region is and where the
downwelling region is. On the other hand, no-
ticing the unsymmetrical distribution of the
water depth to the main axis of the bay along
the transection B, we can know the reason why
the relatively strong currents were found
along the eastem side of the bay in the upper
layer and along the western side of the bay in
the lower layer (NAGASHIMA, 1982).

3.2. Calculated vertical current
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Fig.6. The horizontal distribution of the calculated vertical current at the depth of 10 me-
ters in Tokyo Bay under the condition of southward wind during winter.
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Figure 6 is the horizontal distribution of the
vertical residual current at the depth of 10 me-
ters. In the northern part of the head of the
bay, the upwelling region exists, which should
be brought by the upwind residual currents in
the deep layer and the rise of the sea bottom.
In the southern part of the head of the bay, the
upwelling region and the downwelling region
exist along the eastern side and the western
side, respectively. Such vertical circulation
pattern should be due to the effect of the sur-
face Ekman transport. Around the mouth of
the bay, apart from the upwelling region at the
eastern side and the downwelling region at the
western side, there is another upwelling region
existing along the western side where should
be dominated by the downwelling flow. Such
distribution character of vertical flow can not
be explained by the surface Ekman transport.
We guess that it is not other factors other than
the water depth variation which may bring
this difference because the generation force of
the calculated residual current is the uniform
sea surface wind. The detailed mechanism
about it will be analysed in the next section
using some simple model basins.

Here we want to point out that the previous
studies about the vertical residual circulation
in Tokyo Bay mainly focused on the vertical
residual circulation in the direction from south
to north which is produced by the gradients of
sea surface elevation between the head and the
mouth of the bay. Such vertical residual circu-
lation with seaward flow in the upper layer
and landward one in the lower layer will be
identified by the southward or southwestward
wind in Tokyo Bay duing winter (YANAGI,

By

1995

1994). Thus a downwelling region will appear
at the mouth of the bay and a upwelling region
will appear at the head of the bay (UNoKi,
1985). Under this view the phenomenon
named Aoshio in Japanese, which usually ap-
pears at the head of the bay after one or two
days’s blowing of the southward or southwest-
ward wind in summer, is often related to this
vertical residual circulation (MATSUYAMA et al.,
1990). However our calculation result shows
that although the upwelling region exists in
the most parts of the head area of Tokyo Bay,
it should be mostly due to the Ekman trans-
port. The upwelling currents due to the sea
surface gradients between the mouth and the
head of the bay just exist in a narrow region at
the head of the bay. In other words, the verti-
cal residual circulation in Tokyo Bay under the
condition of southward wind is maintained
mainly by the vertical residual circulation in
the direction from east to west. In fact, the con-
tour line of the observed sea water temperature
in Tokyo Bay during summer after a south-
ward wind blowing is nearly parallel to the
coastal line (UNoOKi1, 1985). This observation
may support our calculated vertical residual
current distribution indirectly.

4. Discussion
4.1. The simple model basins.

To clear the reason why the horizontal distri-
butions of the calculated vertical currents
around the head and the mouth of the bay is
different from each other, we carried out some
numerical experiments by using some simple
model basins. The transection of the model ba-
sins used in the following numerical experi-

B2

L

2
T

Model 1 and 2
(a)

Hmax

Model 3
(b)

Fig.7. The transection of model sea 1 and 2 (left) and the transection of model sea 3 (right).
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ments are shown in Fig. 7, where (a) is the
transection of model 1 and model 2 that reflects
the unsymmetrical distribution character of
the water depth in Tokyo Bay and (b) is the
transection of model 3. The maximum depth of
the model basin is 20 meters in model 1 that is
nearly the same as the maxinum depth near
the head of Tokyo Bay and 50 meters in model
2 that is nearly the same as the maxinum depth
near the mouth of Tokyo Bay. The horizonatl
scale, the length and the width of the model 1
and model 2, is taken as 50 km and 30 km, re-
spectively, which are also nearly the same as
those of Tokyo Bay, respectively. A south-
ward wind field with the speed of 5 m/s is im-
posed to the model basin which is elongated to
north-south direction. The other parameters
and procedures of the calculations of the model
basin are the same as those used in the calcula-
tion of section 2 of this paper. The results after
two days of wind blowing will be shown here-
after.

4.2. Calculated results of model 1.
From the horizontal currents distribution at

the depth of 10 meters (Fig. 8(a)), we can
know that the downwind current exists in the
shallow region and the upwind current exists
in the deep region. This result is the same as
the conclusion induced by NacasHmMa (1982)
by using a simple model in which the Coriolis
force was ignored.

Figure 8(b) is the horizontal distribution of
the vertical current at the depth of 10 meters.
This figure shows that the east-westward verti-
cal residual circulation exists in the most parts
of the model basin. The upwelling and
downwelling region caused by the sea surface
gradient from bay mouth to head exists in a
narrow areas near the southern and northern
boundaries. Figure 8(c) is the flow pattern
along the transection whose position is shown
in Fig. 8(a).

4.3, Calculated results of model 2.

For investigating the effect of the variation
in water depth, we calculated the response of
model 2 to the southward wind. The horizontal
currents distribution at the depth of 10 meters
(Fig. 9(a)) shows no difference from that of
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Fig. 8. The calculated results of model 1. Fig.(a) is the calculated horizontal currents at
the depth of 10 meters; Fig.(b) is the horizontal distribution of the vertical current at
the depth of 10 meters; Fig.(c) is the flow pattern along the transection of the model
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model 1 (Fig. 8(a)) in principle.

The horizontal distribution of the vertical re-
sidual current at the depth of 10 meters (Fig.
9(b)) shows some differences from that of
model 1. Apart from the phenomenon which
can be seen in model 1, there is another
upwelling region existing on the west side
where should be a downwelling region accord-
ing to the Ekman transport theory. Such flow
can be clearly seen in Fig. 9(c).

We suggest that this upwelling flow should
be attributed to the Ekman pumping induced
in the bottom boundary layer. In other words,
on the western coastal area, the water column
below the surface Ekman layer forced by the
surface Ekman transport moves to the deep
part from the shallow part and an
anticlockwise eddy is produced in the internal
flow region due to the conservation law of po-
tential vorticity (PEDLOSKY, 1979).  This
anticlockwise eddy induces an upward flow in
the bottom boundary layer and after this up-
ward flow becomes stronger than the down-
ward flow in the internal flow region, we can
see an upward flow in that region. The same
effect and another similar effect named Ekman

suction will also be expected to take effect in
the western side in model 1 and the eastern
side in both model 1 and model 2, respectively.
But we can not see this effect apparently. This
can be explained by that whether the effect of
Ekman pumping or Ekman suction can be seen
in the internal flow region is decided by the
balance between the speed of vertical current
produced by such effects and the speed of ver-
tical current coming from the residual current
field along the transection in the internal flow
region. The former depends on the eddy of the
water column which is related to the variation
of the water depth along the transection. The
latter depends on the slope of the sea bottom
and the horizontal residual current along the
transection in the internal flow region which is
nearly decided by the ratio of the Ekman trans-
port in the surface Ekman layer to the height
of the water column below the surface Ekman
layer. At last the speed of vertical current com-
ing from the residual current field along the
transection in the internal flow region should
be thorght to depend on the Ekman transport
in the surface Ekman layer and the width of
the slope sea bottom. In model 1, the gentle
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variation of the water depth along the
transection induces the effect of Ekman pump-
ing and Ekman suction to be weak and we can
not see such effects in the internal flow region
naturally. In model 2, the vertical flow contrib-
uted by the residual current field along the
transection in the internal flow region keeps
nearly the same as that in model 1 becouse of
the same wind field. But the rapid variation of
the water depth along the transection makes
the effect of Ekman pumping to be larger than
that in model 1 so we can see an upward flow
in the western side. As for the effect of Ekman
suction, the variation of the water depth in the
eastern side is smaller than that in the western
side, thus apparent downward flow can not be

found in the internal flow region of model 2.
We guess if we increase the slope of sea bottom
in the eastern side as much as that in the west-
ern side of model 2, we will be able to see a
downward flow in the eastern side. To verify
this supposition we do another numerical ex-
periment by using model 3.

4.4. Calculated results of model 3.

The transection of model 3 is symmetry to
the direction from east to west (Fig. 7(b)). The
maximum depth is kept as 50 meters but the
width of the model sea is decreased to 15 km,
half of the width of model 1 and model 2. By
this way, we keep the same sea bottom slope
gradient both in the western and eastern sides.
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Fig.10. The calculated results of model 3. The meaning of Fig.(a), (b) and (c) is the same

as that in Fig. 8.
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As described above, a symmetry upwelling and
downwelling region will be expected to appear
at the western and eastern sides of this model
basin. The calculated results are shown in Fig.
10. The horizontal residual currents (Fig.
10(a)) show no difference from those of model
1 and model 2 in principle but the horizontal
distribution of the vertical current (Fig. 10(b))
is different from those of model 1 and model 2.
As expected, a nearly symmetrical upwelling
and downwelling regions really appear in the
western and eastern sides of this model basin,
respectively. Such vertical flow can be more
clearly imaged in Fig. 10(c). This result proves
that under the same conditions the Ekman suc-
tion can also take effect as the Ekman pumping
and the different horizontal distrbutions of cal-
culated vertical residual current around the
head and the mouth of Tokyo Bay are really
due to the Ekman pumping effect happening
around the mouth area of Tokyo Bay.

5. Conclusion and suggestion

(1). The basic characters of the horizontal
wind-driven currents in Tokyo Bay during
winter is reproduced well by a three-
dimensional numerical model.

(2). The vertical residual circulation under
the condition of southward wind in Tokyo Bay
during winter is maintained mainly by that in
the east-west direction. The vertical residual
circulation in the north-south direction just
plays a second role. The Ekman pumping
takes effect around the mouth of the bay where
the water depth varies rapidly along the
transection of the bay.

(3).1t can be expected that the calculated re-
sults depend on the parameters, especially the
vertical viscosity coefficient, surely. In our
model, the vertical viscosity coefficient is
taken as a constant that could be said too sim-
ple. So about the correct choice of some pa-
rameters, especially the vertical viscosity
coefficient, more works are needed in the fu-
ture.

(4). Although we give an explanation about
the generation of the vertical residual current,
we have no method to verify it. We hope that
in the future some field observation related to
the vertical residual current could be carried

1995

out in Tokyo Bay or at someplace which has
similar topography with Tokyo Bay. And also
we suggest that the researches about the resid-
ual current in the future should pay some at-
tentions to the vertical circulation because
such circulation is an important factor when
we discuss the material transport processes or
the primary production.
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Observations at offshore tower stations in winter*

Shigehisa NAKAMURA ™

Abstract: Observations at two offshore tower stations are analyzed for realizing various varia-
tions, especially, for knowing the barometric effect on the sea surface level even in the shelf and
coastal zones in winter. For convenience, three typical cases of the winter storms are introduced
for studying the meteorological and oceanographical variations in a specific sea area off the
southwestern Kii Peninsula in the Northwester Pacific.
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Fig. 1. Location of two offshore tower station T and
S and of the tide station H.
1) Around the mark T, water depth is 32 m.
2) Around the mark S, water depth is 5 m.
3) The observed data is transferred from T to the
observatory located just neighbor of H by te-
lemetry system.
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Fig. 2. Observed result at a passage of a cold front.

1) Time period for 17 to 18 January 1994.

2) Notations are: wind speed and wind direction
for W and WD, air temperature and dew point
temperature for AT and DT, water temperatures
at 5 m deep and at 10 m deep for WT-5 and WT-
10, hourly maximum and significant waves’
heights for HX and HS, and wave Period of HS
for TS.

3) Tide level variations for Z.
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Fig. 3. Observed result at heavy snow storm
warning.
1) Time period for 8 to 10 February 1994.
2) Notations are same as those in Fig. 2.
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Fig. 4. Observed result at growing stage of an
atmospheric low.
1) Time period for 21 to 22 February 1994.
2) Notations are same as those in Figs.2 and 3.
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Fig.5. Discrepanicies of the observed results at T
(chain line) and S (full line).
1) Time period for 8 to 10 February 1994.
2) Notations are same as those in Fig. 3.
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Fig. 6. Barometric effect to the sea level variations.
1) A for 17 to 18 January 1994.
2) B for 9 to 10 February 1994.
3) C for 21 to 22 February 1994.
4) Atmospheric pressure for P.
5) Difference of the sea level at T and H, for dZ.
6) Time of the highest wave observed for an

arrow.
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Long-term variations of environmental parameters in Tokyo Bay, central Japan*
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Abstract: Tokyo Bay is one of the most polluted bay in Japan, but no report has been presented
on the long term variation of water quality since 1975. In order to know the recent changes in
water quality in the bay, data of environmental paramenters, such as salinity, silicate, phosphate,
nitrate, nitrite, ammonia, chlorophyll ¢ concentration and transparency were collected from a
number of sources and compiled using a personal computer. Data collected were restricted to
those from the surface except for transparency. Results obtained are as follows: (1) Salinity de-
creased gradually since early 1980’s because of drainage via rivers. The decline of salinity at the
surface layer developed a strong and stable two-layer structure in a water column. (2) Silicate
decreased from 64.3 ug—at/l in 1948 to 20.4 pg—at/l in 1971, and stay in the same level in recent
years. (3) Phosphate increased markedly from 0.56 ug-at/l in 1950’s to 1.55 ug-at/l in 1970’s. It
decreased to 1.08 1 g-at/l in 1980’s owing to various legal regulations. (4) Nitrite increased from
0.77 wg-at/l in 1950s to 3.09 ug-at/l in 1980's and nitrate increased from 10.15 pg-at/l in 1960's
to 20.77 pug-at/l in 1980’s. (5) Ammonia increased from 16.26 pg—at/l in 1960’s to 20.45 pg-at/
[ in 1970’s, then decreased to 1641 ug-at/l in 1980’s. (6) Dissolved inorganic nitrogen (DIN)
tends to increase with the passing of year owing to the increase of nitrite and nitrate, in spite of
decrease of ammonia. (7) Chlorophyll ¢ concentration did not change noticeably from 1969 to
1991 and, the average was ca. 35 ug/l. (8) Transparency was 3.7 m in 1950’s, 2.9 m in 1960’s, 3.3
m in 1970’s, and 3.0 m in 1980’s. These results suggest that: (1) The changes in nutrient concen-
trations and ratios between them generate a change in composition of phytoplankton commu-
nity. (2) The pollution of Tokyo Bay seems to have still been developing after 1975.
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Fig. 1. Location of sampling stations.

5 2 kmPl FEEN A BIRISD S oBR A L, EEKk
RS d 215 %21T- 7. COB, BHELS
BENTREOEEAVZ, RAO7-BEENER MR
Ry, BllEoBkzoBR K Eic7oy t L1
O Fig. 1 Th 5.

3 BRLEER
3.1. 5

19485 LI OB OHERE % Fig. 2 1T/R T, 19544
VIBTI3ERRIDS 2 » Bz 1 [EfEE L fTh i Thiinizs,
BRI E IRV AW, 19604ER A 5 19T0OERIC D
TId 30.7 BIR THERE L7278, 19804EAIZ A - T 30.0 DI
ToHIbEED . 1980FELIKE, FEFHE S5 300 %
A2 DIE, 19844E (30.7) 19874 (30.7) D 2[ET,
1980 B DS T 296 TH - 7. HAE, HEBE
EotEasid, EFLicEVwZ b,

S5EMICEE L S OERIZ/L%E Fig. 3 iR .
Bk, &F (12~ 3 B) BEMANEL, SV £H
BanTway, #oftioZH TIlR19604FEMREBEL S
1980 T T T, BUEA LI E T EE SR W TV
5. FFic8, 9ARFELIELL-TVAE, o il
BOKMARDPEL LML T, ZoEEIKE
PFE LR ICHOKOEESHMOERICHE CEHbN S
ZEERLTWE,

ABICBWTESE T2 ERE LTRERREAIILS
DHWIKTRAD S 3. FERITHIEE, BE~OERICL-
THB~ MR S N 2 3KOBIAIHKEOK B ICHE T
WeahTHEY (FEHARIEZH», 1980), HBEH~DERDS,

ZEESETOFEFREFEZ S0,

BB~ OPKRARDOZ WENG, T - I -
ZEJIDIATH 55 (FEHA - F%, 1977), 2Tl
BHRAW) AR BB TORBEREH VO TE
% U 7 2 B | DR DRFAEZR L2 Fig 4 1Rnd. Bl
HOTAEIR, ANL281km EHTH 355, B
b HBfTTONTE Y, BHAMSOBE TV L
o, RREEBENFKERGT s AIINIOREELT, £
TOEE AV, FJIRESEEE15m?/sec LI D4
ICHBEEBRBOESIEL YD, 25m®/sec LI EDFE
ICIHEL BB Z R L1z 1980FERIc BV THIIHRE
S OEH AR OBIERL TV FZE, "
WEH15m?/sec £ A -7:1984, 19874Eici3, W™ h
bIESN30E-Z TH Y, 26m/sec LI EDEICEWT
N&IEB0RBETH - 7.

19655ELIME D) IR E % b FEIc L, £ oME %
ABHEEBTH B DD, 1965-19694ED18.8m°/ sech
51985-19894E ™ 31.6m*/sec ~& _LFE L TV 3. 19804F
ROFEHRZ 29.1m/sec TH - 7. 19804ER I B 1
3 EEES OETEEO—RE, 7 S OMKRAR
OHEMIRD 5N 5,

FAE, BHEEAOADERIC & 3 KEKDOEED 729,
PER, BEABLAMCHH LT FIRI R kR
EoPkDy, EEBEICHBRENE LI, Thoh
FAEZET, HEBCHRsh3B ML TV S L
Zz o603 (B, 1993). & (1995) %, 19924EfE i
BIL, HEENBESICHOAFE > 18I ORKKEARE
FN, FNDENY 428m/sec THBH I E AR L 712,
ST 2 DfED MaTsukawa and Sasakr (1990)
DIGTHED FKE % b EBHKRAR (300m®/sec)
ED0%HFTVEVETH L EEPELLIZLTL A,

MaTsukawa and Sasak1 (1990) E, HELE D HEIE
CHERE T 2 2R, RARMICEARZOEGM NS VT
EERERL, 20BRELT, BKRARBEZ WD
BRSO EEL TR L E, O BHRERLERD
EMAICE - TEOIBES T LEBT TS, W
B BKE  EAORESHORYEE LT, EY, &
BREcBVTHEER - BESKNECERBICEET 57
HIERENEBE TEYY, BEHENBEERS N
BT ENBEFLNE (FH, 1993). REBOEDOET
i3, EBKOBEER/NSLL, BEKEOBOEBEEE
K& T3 ZzODEERIBILEINE hid, &
EREFICHABOBARBICEESREI 2R LTV
L5EEZLND.



109

B BIKBR RN ER OREZEL

[

HEB

32

S
D
o661 & 6861
18 ] 1=
] 12 2 % 2 3 8 R R 3 8 1 ogs1
| agsL & » [+ [+2 (2] o o [+ [=2] [+/] 1 sgslL
a4 | 586} d & b o Bm & B & i 1 veer
T | - v86L £ T B B 8 8 B £ 8 8 b d¢
5] o o o o O o o o0 o 861
u - 1861F o -1 1861
el IIRERERE IR |8
] - 661 @ S -1 6161
] - 8261 = = - 861
IAHVI . mmm" = ° m - m\%"
- sze1 2 | sz61
_— 4 b8l & 4=z E | - v61
" 148 o 3 J e
1 ue > 410 o - @6t
~ 8 - 61
-l 061 S g
- 8961 = o . m%"
—] 1 Jear £ 2 -] 8981
— . - 9961 = 4 <3 T - 961
e 4 mwm—.m ot T 1 ag61
- vosL .5 4 =20 — - se61
3]
- awm" 5 =) - 961
- momp g i —- €961
] oot &£ g -\H 1 %
/ 1 F
~— - 666l ] =
T | ] 61 @ =z o ot
=+ g 2861 % S 4 !
] - oser © 1< & | ss61
] 5561 § @ 1861
1 J veet 2 @ 7 9ger
] - £961 .8 1= o3 -| 5561
| S - zs6L 5 o 1 vesr
——— - LS6L > 1wz €561
—~—a - 061 . 7 zser
| oot = - L 1
(5]
s g 2 2 - 8 b= b4 R -4 8 g 8 ] 2 e
ALINIYS N ALINITVS (-99S/gw1) MOT4 HALVM 40 INNOWY
)
Z
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T 7z SiOrSi 285 A BEFHIC & » TS AN OB IC
Ko THESN, WECHBELR My 780 TLESC
&, FINOEEI & » THKR» S OEEAsED Lz &
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Fig.6. Seasonal variation of SiO,-Si at surface in
Tokyo Bay.
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Fig. 10. Seasonal variation of NOsN at surface in
Tokyo Bay.
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Fig. 11. Yearly variation of NO;N at surface in Tokyo Bay in a period from 1956 to 1990.
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Fig.16. Yearly variation of maximum (A) and
average (B) chlorophyll a conecentrations at
surface in Tokyo Bay. Bars indicate the standard
deviation. From 1969 to 1979, an average is used for
insufficiency of available data.

EOMITKEREVIRA SN0 - 12 (Fig. 16). Ly
L, b 3RO~ OF— % TRIIEE, 1985 £%
TREMGRS 7 o0 7 1 Vva BEIZ, 250~4760 ug/l
EREBEFHER LD L, ThllE, 1987 Fo0
882 ug/l ZB{TiE, 106~164 ug/licTHh, HWwr o
07 4 a BERBERSNEE 2

soo7 4 Vo BERRSEISBENICETTS &
iz, EBEEEINECE-TETVE, COFERER
BroovavaBEDS, BRMSEDETH—LL
TETWAI EE (WO - FH, 1988), BHTHERE
Drav7 4 e BBEERINTORDYIC, E%E
BLTEWI o7 s Ve BOHEBEIATVWAE I &I
& 5.

200 ug/l Pl LOEBE A2 L Did, 19805 A,
1982 12 6 A, 198546 AT, £ Zh 2044, 383.2,
5516 ug/l TH -1, ZDFEREB W75 v 7 b
V1%, €N Olisthodiscus sp., Heterosigma sp.
(& &1 Heterosigma akashiwo EBhbhn 5, B (1990)
ZM8), Prorocentrum minimum CT& - 1 (R B
RAERKERLEW, 1981, 1984, 1987). Skeletonema

Table 1. Yearly variations of Si/DIP, DIN/DIP
and Si/DIN in Tokyo Bay.

YEAR Si/DIP DIN/DIP Si/DIN
1956 80.23 ND ND
1957 101.63 ND ND
1958 84.47 ND ND
1959 87.25 ND ND
1960 78.32 ND ND
1961 83.80 ND ND
1962 109.68 ND ND
1963 36.50 ND ND
1964 26.81 17.21 1.56
1965 21.59 22.98 0.94
1966 16.12 3145 0.51
1967 23.27 28.39 0.82
1968 32.08 32.69 0.98
1969 23.52 2790 0.84
1970 10.93 21.02 0.52
1971 14.33 22.23 0.64
1972 ND 28.84 ND
1973 ND 25.85 ND
1974 ND 21.63 ND
1975 ND ND ND
1977 ND 19.25 ND
1976 ND 24.89 ND
1978 ND 2347 ND
1979 ND 31.60 ND
1980 ND 32.68 ND
1981 ND 2125 ND
1982 ND 31.73 ND
1983 ND 32.14 ND
1984 ND 36.76 ND
1985 ND 69.33 ND
1986 ND 43.24 ND
1987 ND 36.21 ND
1988 ND 41.28 ND
1989 25.34 41.79 0.64
1990 25.01 55.48 0.45

ND=no data. Si=Si0,-Si. DIP (dissolved inorganic
phosphorus) =PO,—- P. DIN (dissolved inorganic
nitrogen) =NH,—N + NO,—N + NOsN.

costatum P ETAEERHIEREELTA SN
2600 (U0 -BH, 1988), Eroo 7 4 g fli~
DESRIEE LTHERICK > TV,

FHE (1973) (&, 1953, 1962, 197244z hZhlt
BL, 1953, 1962 FFICIHBE L Ish » o ST/NS B
EOMNSEEHEREN 12 ECRERBICHEALL
ZEAERL, ¥, L0 -FE (1983) M7 s v o
P EDBHEROLRBEFEG L ->TETVWE T
EERER LTV S, ERBABRMARRSESE GEES
EERSRNKEEREM, 1990) 2883 2 &, 1977 Eh
519884 & TOR, FtE L REOEEEERI, H$E
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Fig. 18. Seasonal variation of transparency in Tokyo
Bay.
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Study on velocity variation of winding jigs by hauling drum
for automatic squid jigging machine”

Haibo Guo**, Sadami YADA " *, Masayoshi Topa** and Yoshihiko NAKAMURA ™"

Abstract: The simulation of velocity variation of winding jigs by using angular hauling drum
for automatic squid jigging machine, by means of the control of circular hauling drum was in-
vestigated. The results were as follows.

1. The minimum velocity of winding by using flat board hauling drum was zero, the coefficient
of velocity variation was infinitely great, yet its hauled fish line was loose and efficient of haul-
ing was low.

2. The velocity variation of winding by using rhombic hauling drum can be produced even
though it turn round in fixed angle velocity, yet its velocity variation was not as good as the
obtained with flat board hauling drum.

3. The velocity variation of winding jigs by using flat board or rhombic hauling drum can be
approximated by circular hauling drum. This kind of circular hauling drum can be used for
many purpose. And it is also possible to reduce cost of production and maintenance compared

with usual machines, because of the unity of their hauling drums.
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Fig. 1. Diagram of automatic squid jigging boat
hauling drum guide roller jig squid sinker fish-
ing boat bulwark fish-finder
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HD : Hauling drum
GR : guide roller

6 : angle of rotation
A —— : initial position : a : initial angle

b
...... - position at @ i:*" po : initial position of jigs
r : radius of rotation by : jig position at ¢
B d : distance from O, to O, .
ﬁ__‘p. d, : initial distance from O, to HD b. Flat board hauling drum

d, : distance from O, to HD at a

a. Quadrilateral hauling drum

0.~

¢,. Second stage of rhombic
hauling drum cycle

P 500 —~

¢\ First stage of rhombic
hauling drum cycle

; P
U d. Circular hauling drum
¢s. Third stage of rhombic

hauling drum cycle

Fig. 2. Diagrams of hauling drum
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Table 1. Comparative range of winding velocity
variation by different types of drums

Type of drum

Item

Quad Hexa Octa Circ Flat Rhom

Winding velo- 1.130 1.380 1.460 1.590 0 0.640
city* (m/s) 1580 1.580 1.580 1.590 1.580 1.270
Winding time* 0.296 0.197 0.148 — 0.593 0.593
(s) 0.132 0.096 0.073 — 0.257 0.164

RV of V (m/s) 0.450 0.200 0.120 0 1580 0.630
Cof VV 1.400 1.140 1.080 1.000 oo 1.980
Motion cycle (s) 0.296 0.197 0.148 — 0.593 0.593

Note; 1 Quad: quadrilateral hauling drum

Hexa: hexagonal hauling drum
Octa: octagonal hauling drum
Circ: circular hauling drum
Flat: flat board hauling drum
Rhom: rhombic hauling drum
RV of V: range of velocity variation
C of VV: coefficient of velocity variation of
winding jig

2*: upper values denote minimum and under
values denote maximum

Drum rotative time(10"s

e B R ;

T g ] 10 11 12
L7 { ci
z N e e —— e e : irc
£ L5 NG o \ . \ “Octa
2 e . \/ AR \/ . Hexa
T o) LT 7N
E . " - S N
] 1.00 .___;/,, e B e E T T r /.( ,,,,,,,,,,,,,,,,,,,,,, R TR R
0 s AN ’ \\
: onf N ’ TN .
2 . N4 S..
5 Rhom
0 0.50[
0.25 [
: : : v : . : : Flat
0 30 60 % 120 150 180 210 240 270 300 330 360

Drum rotative angte(® )

Fig.3. Comparison of velocity curves of winding jigs by using six different forms of haul-
ing drum. Legends are the same in Table 1.
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Storm-induced swell and coastal structure’s damage”

Shigehisa NAKAMURA **

Abstract: Storm-induced swell is studied in relation to damage of coastal structure. For con-
venience, some specific cases of the distant typhoons are considered. An offshore tower gives
us a more effective data at considering what is the direct action to any damage of coastal struc-
ture and what is the indirect process 1o be one of the triggers of coastal structure’s damage.
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Fig. 1. Tracks of four typhoons

1) A mark “T” is for the location of an offshore fixed
tower station.

2) Track of Typhoon 9411 during 29 and 31 July 1994.

3) Track of Typhoon 9412 during 1 and 3 August 1994.

4) Track of Typhoon 9413 during 4 and 11 August 1994.

5) Track of Typhoon 9414 during 8 and 14 August 1994.
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Fig. 2. Locations of offshore fixed tower station and
of Iwashiro fishery harbor.
1) A mark “T” for offshore tower station.
2) A mark “R” for Iwashiri fishery harbor.
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Fig. 3. Observed data at offshore fixed tower station.

1) Marks “W” and “WD” for wind speed and
wind direction.

2) Marks “AT” and “DT” for air temperature and
dew point temperature.

3) Marks “WT-5" and “WT-10” for water tem-
peratures at the depth of 5m and 10m.

4) Marks “HX” and “HS” for maximum wave
height and significant wave height with wave
period “TS".

5 A mark “Z” for tidal level variations at
Shirahama.
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Fig. 4. Specific cross-section of coastal structure.

1) Datum level is for numeral “O”.

2) Marks “E” and “E’” for collapsed and old coastal structures.
3) Marks “P” and “N” for a reinforced concrete slab and for a cavity formed after dam-

age.

4) Marks “H” and “L” for tidal high and low water levels.

5) Sand is maked by “SD”.

6) Numerals for indicating elevation relative to the datum level (in metric unit).
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Fig. 5. Patterns of erosion and deposit around

coastal structure.

1) A mark “R” for the same mark in Fig. 2.

2) A mark “X” for coastal structure shown
in Fig. 4.

3) Marks “ER” and “D” dor erosion area and
deposit area.

4) Bathymetric contours of 1, 2 and 8 m are
also shown.
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