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Co-tidal and co-range charts in the South China Sea
derived from satellite altimetry data

Tetsuo YANAGIL®, Toshiyuki TAKAO™® and Akihiko MORIMOTO”

Abstract: Co-tidal and co-range charts of major six tidal constituents, M,, S,, K,, O, P, and S. in
the South China Sea are drawn from the results of the harmonic analysis of TOPEX/POSEIDON
altimetric data and tide gauge data along the coast. Those of M, and K, constitutents agree well
with the existing ones estimated from only tide guage data at coastal stations. Those of S, are
similar to those of M, and those of O, and P, are similar to those of K.. The amplitude of S,
constitutent is large at the northeastern and southwestern parts of the South China Sea and its
phase differs 180° on both sides. There are two amphidromic points of S, constitutent off the

Vietnam Coast.

1. Introduction

The South China Sea is a marginal sea with
the shallow parts less than 200 m in the Gulfs of
Thailand and Tongking and the deep part of
about 4000 m at the central region (Fig. la).
The characteristics of tidal wave in the South
China Sea have been investigated by FANG
(1986) and HUANG et al. (1994) and the numeri-
cal experiment on tidal wave propagation
there was carried out by YE and ROBINSON
(1983). In recent years, MazzEGA and BERGE
(1994) drew the co-tiral and co—range charts of
eight leading tidal constituents (M, Sz, N, Ko,
K, Oy, P, and Q)) in the South China Sea by
inverting combined sets of tide gauge har-
monic constants and a reduced sets of TOPEX
/POSEIDON satellite alitimetric data. On the
other hand, YANAGI ef al. (1997) succeeded to
clarify the characteristics of tidal phenomena
in the East China Sea and the Yellow Sea by
the harmonic analysis of the altimetric data
from TOPEX/POSEIDON.

In this paper, we try to reveal the character-
istics of major six tidal constituents (M., S,
K,, O, P, and S.)in the South China Sea with
use of the altimetric data from TOPEX/POSEI-
DON on the basis of the method developed by
Y ANAGI et al. (1997) and compare our results
with the existing tidal charts by Fanc (1986)

*Department of Civil and Ocean Engineering,
Ehime University, Matsuyama 790, Japan

and MAzzEGA and BERGE (1994).

2. Altimetric data

The satellite TOPEX/POSEIDON was laun-
ched in August 1992 and has continued to ob-
tain the altimetric data every about 10 days
along 17 observation lines in the South Chaina
Sea as shown in Fig. 1 (b). The data are pro-
vided as Merged Geophysical Data Record
(MGDR) by the Physical Oceanogrphy Distrib-
uted Active Archive Center at Jet Propulsion
Laboratory, US.A. We use the data by only
TOPEX alimeter from Cycle 1 (September
1992) until Cycle 101 (June 1994) in this analy-
sis. Since POSEIDON altimeter had unkown
bias of the order of 20 cmn to TOPEX one, we did
not use the data by PSEIDON altimeter in this
study (This problem was solved by NASA in
July 1996 and we can use also PSEIDON data
Nnow).

Standard data correction including electro-
magnetic bias correction, ionospheric correc-
tion, dry and wet trospheric correction and
solid earth tide correction were made using the
values provided in the MGDR. However we do
not carry out any procedure to remove the ra-
dial orbit error because the tidal component
may be missing by this correction. The radial
orbit error has a wave length of circumference
of the earth and has the value of about 3cm
(Fuetal .,1994). This is very small compared to
the tidal signal in the South Chinal Sea and
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Fig. 1. The South China Sea (a) and the observation lines of TOPEX/POSEIDON and tide
guage stations (b). A and B denote the points where the results by TOPEX altimetric data

are compared with the tide guage data.

other improtant signal related to the sea sur-
face dynamic topography may be missed by
this correction.

The data of both ascending and descending
tracks are used after editing the data to remove
the abnormal values by the malfunction of in-
strument. Next we remove the extreme al-
timetric values larger than £=3m from the
temporal mean of all data because the maxi-
mum spring tidal amplitude becomes about 2 m
in the South Chaina Sea (HUANG et al., 1994).
Data are originally obtained every about 1 sec-
ond; every about 6.2km along the satellite
tracks but the data points differ every mission.
Hence we linearly interpolated every data at
the fixed points with 6.2 km interval along the
subsatellite track which is the projection of sat-
ellite track on the sea surface as shown in Fig.
1 (b).

The altimetry data after the initial correction
S (r, t) is expressed by the followings,

Sry=n@+n e ey

Here 7 (r) denotes the temporal mean of all

data at station 7, 7" (7, £) the temporal deviation
which includes the temporal variation of sea
surface dynamic topography, tide, temporal
variation of radial orbit error and measure-
ment error. We use 7*(r, £) for the harmonic
analysis.

3. Harmonic analysis

Tidal amplitudes at three representative sta-
tions along the coast in the South China Sea:
Kao-Hsing, Qui-Nhon and Miri (see Fig. 1), are
shown in Fig. 2 (Tidal harmonic constants are
kindly provided by the Japan Oceanographic
Data Center). The K, constituent is the most
dominant one and it is 36.0 cm at Miri, 32.9 cm
at Qui—Nhon and 156 cm at Kao—Hsiung. We
consider the tidal constituents whose ampli-
tude are larger than 7 cm in this analysis, ie.
S, Ki, O, Pi, M: and S, because the accuracy of
TOPEX/POSEIDON altimeter is about 5cm
(Fuetal, 1994).

At first we did not include S. constituent in
this analysis but we could not obtain accurate
harmonic constants because it has large
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Fig. 2 Tidal amplitudes at three representative
tide gauge stations along the coast of the
South China Sea.

amplitude in this area as shown in Fig. 2. Then
we include S. constituent in this harmonic
analysis though it is not an astronomical tidal
constituent but a meteorological one.

The tidal harmonic analysis in this study is
carried out with use of the aliasing period from
each tidal constituent except S. because the
sampling time of about 10 days by TOPEX is
much longer than tidal period of each constitu-
ent, that is, semi—diurnal or diurnal periods.

Tabel 1. Tidal periods and aliasing periods of major
tidal consituents.

Tides Period (hours) p er‘ﬁ)léa(séggg,@
M, 12.420601 62.10
S 12. 58.74
K, 23.93447 173.22
(O 25.819342 45.71
P, 24.06589 88.89

S 8765.821
: (365.245 days)

The aliasing period T. from each tidal fre-
quency f is calculated by the follwing formula,

T.=1/@nf. 2/ ©)
fe=1/2At

where n denotes a integer part of ¢t Xf(n=19
for M, tidal constituent), f. the Nyquist fre-
quency and At the sampling interval 9.9156
days. The shortest aliasing period from each
semi—diurnal and diurnal constituent is shown
in Table 1. We have to pay an attention to the
fact that the accuracy of the period is critical
for this harmonic analysis because 7. largely
changes according to the small change of At
This means that we have to use the double pre-
cision scheme in the computation (107°in this
case). The necessary sampling time 7 for sepa-
rating two tidal constituents, whose aliasing
periods T and T are close, is calculated by the
following fromula

'I‘d:Tlez/(Tlsz)/ﬁl (3)

where T is longer than T. and the number of 4
means that the 1/4 wave length is necessary at
least for the separation of two constituents.
From this formula we understand that 0.7 year
(277.1 days) is necessary for separating M. and
S, constituents and 51.5 days for separating S.
and O, constituents in the altimetric data. The
observation period of about 1000 days in this
study is sufficient for the separation of six
major tidal constituents.

The tidal harmonic analysis by the least
square method is directly carried out with use
of unknown amplitudes and phases of 6 con-
stituents. We compare our results at A and B
(see Fig. 1 b) with those obtained by the tide
gauge observations at islands. The results are
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Fig.3 Comparison of obtained tidal harmonics by TOPEX and tide gauge at A and B. Phase re-
fers to the longitude of observation station.

shown in Fig. 3 except for S, because there are
not observed S. tidal harmonics at A and B.
The agreement between our results and ob-
served ones by tide gauge stations is encourag-
ingly close both for amplitude and phase, ie.
the difference of amplitudes is smaller than 5
cm which is the accuracy of TOPEX alitimeter.

4. Results

We draw the co-tidal and co-range charts of
six tidal constituents in the South China Sea.
At first tidal variation of the sea surface in the
whole area by each tidal constituent is recon-
structed with use of estimated tidal harmonics
along the coast and those along the subsatellite
tracks shown in Fig. 1 (b). The tidal variation
of the sea surface except the subsatellite track
are interpolated with use of the exponential
function as follows,

> Wiz, n)(r)

)

(n '*x)i}

4

Wiz, n) = exp{ 72

where £ (z) denotes the interpolated sea sur-
face height, x the position of interpolation, 7;
the position where tidal harmonics are already
obtained, 7 (r\) the sea surface height at »; and
L (=185km) the decorrelation radius, which is
decided by the distance of neighboring subsa-
tellite tracks. The interpolation is carried out at
every 0.5° X05° mesh point. If there are not
two observation stations within the circle of 1.5
X 1., the interpolation is not carried out at that
point. After the estimation of temporal varia-
tion of sea surface height in one tidal cycle, we
carry out the tidal harmonic analysis at every
0.5° X 0.5° mesh point in the whole area and
obtained tidal harmonics there.

The obtained co-range and co-tidal charts of
M. constituent are shown in Fig. 4 (a) and (b)
with those estimated by Fanc (1986) and
MazzEGA and BERGE (1994). The agreement of
three figures are good with small discrepan-
cies. The positions of amphidromic point at the
central part of the Gulf of Thailand by ours and
by Fanc (1986) are nearly the same but that
by MazzEGA and BERGE (1994) is a little differ-
ent. There is no amphidromic point between
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Fig.4 Co-range (a) and co-tidal (b) charts of M, constituent by TOPEX and those by Fang
(1986) (c) and those by Mezzega and Berge (1994) (b). Phase refers to 135°E.

the Malay peninsula and Borneo island only by
our result and this is due to that it is located
near the boundary of our analysis area. An-
other amphidromic point exists at the head of
Gulf of Thailand by FanG (1986) but there is no
amphidromic point by ours and MAzzEGA and
BrrRGE (1994). Those of K. constituent are
shown in Fig. 5 (a) and (b) with those

estimated by Fanc (1986) and Mazzreca and
BERGE (1994). The agreement of three figures
are good except that the co-range charts at the
central part of the South China Sea are differ-
ent. The 30 cm amplitude line runs from west
to east by Fanc (1986) and Mazzeca and
BERGE (1994) but it runs from north to south
by ours.
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Fig. 5 Same as Fig. 4 except K, constituent.

The co-tidal and co—range charts of other
three constituents, S., O, and P, are shown in
Fig. 6 without those by existing charts because
there are no published charts for these three
constituents. Those of S, constituent are simi-
lar to those of M: and those of O, and P, to K,
respectively.

The co-range and co-tidal charts of S.

constituent are shown in Fig. 7 and its ampli-
tude is large in the northeastern and south-
western parts of the South China Sea. The
phase in both sides differ by about 180°. There
are two amphidromic points off southeastern
Vietnam coast.
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Fig. 7 Co-range and co-tidal charts of S, constituent.
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Fig. 8 Horizontal distribution of tidal type in
the South China Sea.

5. Discussions

The horizontal distribution of tidal type
F{=Hu+Ho)/(Huw+Hs) in which H means
the amplitude} in the South China Sea ob-
tained by the present study on the basis of
altimetric data and tide gauge data is shown in
Fig. 8. The diurnal type is defined as F_>1.25,
the semidiuranal type as F<0.25 and the mixed
type as 1.25>F >0.25. There is no region where

the semidiurnal tide dominates and the diurnal
tide dominates nearly in the whole region of
the South China Sea. The M. and K, tidal
waves mainly intrude from the Pacific Ocean
through Bashi Channel with nearly the same
amplitude of about 10 cm and propagate south-
westward but the amplitude of K, tide is larger
(about 30 cm) than that of M, tide (about 15
cm) at the central part in the South China Sea
as shown in Fig (4) and (5). This may be ac-
counted for the resonance, that is, the natural
oscillating period (7.) of the South China Sea
is near the diurnal period. The first mode of
T, of the South China Sea (7)) is calculated by

T = AL/N(gh) (5

where L(=2500km) denotes the length from
Bashi Channel to the east coast of Malay Penin-
sula, g (=9.8ms™) the gravitaional accerala-
tion and 2 (=1500 m) the mean depth of the
South China Sea. Estimated T.: from Eq (5) is
22.9 hours and near to the diurnal period. The
co-phase lines of K, constituent are crowded at
Bashi Channel and the node of standing wave
is situated here. The phase difference of K, con-
stituent between the Bashi Channel and the
eart coast of Malay Peninsula is near 90° as
shown in Fig 5 (b). The characteristics of O,
and P, constituents are nearly the same as K, as
shown in Fig. 6.



Co-tidal and co-range charts in the South China Sea 93

The phase of 140° of S, constituent means
mid August because it refers to Vernal Equi-
nox Day (around 21 March) and S, constituent
takes its maximum in August at the northeast-
ern part and in December at the southwestern
part. These facts suggest that the main cause of
S. constituent in the South China Sea is the
monsoon wind blowing, that is, the southwest
monsoon wind in boreal summer piles up the
water at the northeastern part and the north-
east monsoon wind in boreal winter piles up
the water at the southwestern part of the South
China Sea. The maximum amplitude of S, con-
stituent is appeared off Luson Island and the
head of Gulf of Thailand and these areas are
situated at the right hand side to the down-
wind direction. This may be due to the surface
Ekman transport.

The local amplification mechanisms of diur-
nal of semi—diurnal constituents, the genera-
tion mechanism of amphidromic points in the
Gulfs of Thailand and Tongking and the rea-
son of a small difference between our charts
and those by FANG (1986) and MazzEGA and B
ERGE (1994) will be discussed in the succeeding
paper with use of numerical experiments.
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On the solution of Laplace’s tidal equation (The convergence of the solution
by the continued fraction method in the non-zonal case towards the east) I

Akira MATSUSHIMA *, Masao Koga*, Yutaka Fukuvyama* and Nobuyuki GoTo*”

Abstract: In the previous papers, some of the present authors studied on the atmospheric oscil-
lation, using one of continued fraction-methods developed by HOUGH in order to solve Laplace’s

tidal equation.

In the present paper, the present authors study on the possibility of approximate solution of
the tidal equation by several methods of (A1), (A2), (A3), (B), (C1), and (C2) and on the
eigenvalues of it, that is, equivalent depths only if they can be obtained. Then the present
authors get the same results as in one of the previous papers, that is ;

(i) the convergence of the solution becomes better as the angular frequency becomes larger.

(ii) as the difference between z and k, where n is the wave mode towards the south and k is the

angular wave number towards the east, becomes larger the convergence of the solution be-
comes worse. On the other hand, when(n—k) =0 or 1 a good result can be obtained in almost

any case.

1. #
PR O#H X TAK O B HiRE) £ 70 3@EFIRE 0BG T
HoucH 12 & % continued fraction #% (Houch, 1897,
1898) 1z & BIEONHEEEIC D WTH Nz, FEH D ORI
DD GEEf, 1991), (2) (B&Efth, 1991) T,
HPE AT zonal WA %R, W@ (ME - HH,
1992) Tid zonal THWHLEER » 72, &<, @X
(3) T3 continued fraction i1Z & 5 LHK %<7z,
COHERMBOPCEH RS T VR Kot 2DKRD
F L LABVEAIK>WT LHK BEOMFENLBH B =K
BRI EL WP, £TT, ARIXTHRED
Houcn®4—->0 i (MFf HiE & &0 3) OfED

*BIRKFHE YRR, T852 KR SCHHT
1-14
Department of Physics, Faculty of Education
Nagasaki University, 1-14 Bunkyo-machi, Na-
gasaki City Nagasaki, 852 Japan.

P RIS HE R HE, T862 Kk CEHT 1-14
Department of Physics, Faculty of Liveral Arts
Nagasaki University, 1-14 Bunkyo-machi, Na-
gasaki City Nagasaki, 852 Japan.

il

INHEHEIC D W TN B, £ MFf O E I 57
%, XHEd % matrix % QR BFTEEKRD 72,

2. Continued fraction [C X ZBEDER MFf %)
BIOH() TROREHP LIce TORMITIEIOD
RicESWT, MFI#EE2HAT %, 98b 5,
N/ S
(1—u )du sﬁ

Pl il B - S
ghs®  du k*—s? A —p?) (K*—su?)
_spdf

+k2_s2ﬂ2 du 0 <))

L,
/L:cose;s:%:§ (2)

F 7,
- B

f= %0 3

Th b AFICOVTRAIOHXEZRBI NIV,
IIT, 61 &g ATEOBIELT



96 La mer

= —{(l—uz)d%lﬂu}%—(kz—szuz)qﬂz @
ERGEL, E5iT, ¢ & ¢, DIEIC
(V2 +5)hy = 25%uby (5)
DR D EMBET o T T
Ao ndl K
A GO r 7 B ©
ThB, cNHERVBE, (D
A0 s (g2—s2) gy = 0 %

ghs?
@, 5, (7)1:‘(§<@EB$]§E(8), 9@, 0)ERAT 3,

¢= % CiEf ®
#1= 3 DiPf ®
b= ¥ GEES (10)
CITRBVY Yy Y FVORBEETH 5, TORER,
RORXPE SN 5,
dw%a* . &
ghs? Ck=—[nn+1)+s]Gk ap
_ g . ko— 2 k n—1 P n+k+1”:l
(n(n+1)—slDf =2s [G"’IZn” [ TG,
(12)
~k 1.2 \kii % [(nfl)(ﬂ” 2)+$] (n*k)
G = —kG 2{D" ‘ 2n—1
[((n+2)(n+3)+sln+k+1)
ko LANC ] S v -7
+ Dyt 9 -3 (13)
22T, RATHLVIES NS & UfF 2EFET 5,
Nf=n(n+1)—s (14)
(n+12(n—k) n*(n+k+1)
krrk — 1/ koo A 17k
Nl 2n—1 Cit ™13 Gin
(15)

zo7, (1D, (12), (13) &4, (15) 2 L IR DA E
b3,

Y 2
(n+2131—(7{ 2 Ui+ . (;:f; 2 Ut = MECy (16)
ZCIT,
k2 g
ME=-Fln(n+ 1)*8]“16%%7 w1 (D

o, UDEAVAE, U6)&D

Ak Al r Ak Ak
k_ | _Lmol  LOa-2 || Ln nt2
Mn |:Nnk717 Mnkfzf j| LNnk+|7 M,,k,zf :’ 0
(18)
PEONE, TITA,
242 —
At = n+2)n*(n—k+1)(n+k+1) (19)

Cn+1)(2n+3)

35, 1997
F7, FERRICAe) ZHWAIZAB) LD

e[ A A ][ A
" M?f( 1= Nnk 27 Mnk—lw Nnk~2_

“}:0

(20)
BEONE, TIT, LK 4O continued
fraction DFFEH W5,
P

k K
An Anb],.._

T MF— NE— MFo,— 2V
Ei=—th A A (24)

M~ NE— ME—
THOERLAEEQD, (22), (23), QOEHKRDES I
%5,

_ A
o ME— )
Ak
Kk — n.___
S (26)
Al
k — n-1 ¢
5 Nnk_elﬁu @D
Alc
ko— n_
En MrfiFnk--l (28)
F7:(18), QORKRDLH I3,
]Wnk*Fn}c J*fnku =0 (29)
N,{‘—Eﬁf 1—eki =0 (30)

ROET(29), GOEAWVWT, HEHE L THEXR
5,

3. EEOHESERE

2E L TROLUGAE T M =0 20 2P Ak
B, TOMREHOVT AL, FE A28 T 5, 51K
DEUMRERkD 5 &5, fFiEHOVELLSE
FEL= ab/NEEMET B 7272 L(B), (ODHEDHE
GEBRLS, LR AHVAEACERE LR
Ffi=dadi/NfF il d 5, Lirl, BEZFHES S E
FWIDLD M AE VISV T continued fraction

MBINHT 2 ETOLTOIHER W 5,
3.1 (AD)DF*
BeRE() FTME=0 KX 0RLEXKD B, TDORI

BRI ME S, B R ET R, b
ME fha, FEy, HF2RWT, SS5IBEEL %
ROXEL = Mrf(*ﬁzk)rl*Ff-l M okD 5



Laplace @ tidal equation Ofif 97

BRE(2) WIC ME—fk, =0 X0, #FICBR2 23K
»T, AL LTEEE2 2518 d 5,
BRE(3) X5iT, HLWLR2 ZROBEEMRS S

bEw3,
_ E1'R2-E2-R1
RE=""F 1" S
BACBEIC LT, #78 LW E2 23k B0 DU 13 B
()BT 2 % TR TS,

3.2 (A2)DHi%
COREGARENEZADOLBEEMALTH %, B

R1 LR R2 DRDANDL LR B,

B ME—fE, =0 X0IRRLZKRD, &5l
DOR1 #HWT, Mf ff, FE o 2HELELT,
El = Mnk' nku*'Fnk—l X @&fﬁ‘l §5+%3—50

BB (2) Mf—flk —FF, =0 0FH LVIR R2 23K,
XoiwhkERMmULSICLT, E2=M—fk
—FF XOFLVWEEE2 AHT 5,

BRE(3) E@ORIL, E1 &R2, E2 X0 RGCDEHWT
Wilc R2 %KD, TOR2EVDEAFHLWLE2
AiTET 5, IBRRBEGOBEOERL TH 3,
7272 L, TOHERn=k0OB&ICE FE, =0
LB O, Mi—fF =0 DBERLCICE 3,

3.3 (A3)DAHE

TOHEIRALD, (A)DHEEFEEFLTH B,
CTREHEICEHAT 2, Mf=0 XD Rl 2k, &
51T, (AD, (A2 E[E#kic U TEREEl 23t8E T 5,
WIS M~ Ff =0 K 0IRR2 23R, X 5I1ICE2
ZEET 5, D%, HLVR2, E213(AD, (A2)E[E
Lokl TkH3, TIT, n=kDBEHITEIAD L
R UHHR &2 5,

(

34 BIDAHZE

(A1) & (A2) DEEHR A 5 & < 1T continued fraction
ORI FELT, TOINHEEE 2 @D THE D B,
CONERAD E(ADEFET DI X I BAHETH 5,
Fifircic, ROEPKAT A 2RO UERVTS
%o

ETHDICMI=0 LOBRROZSEHZ, TOD
RRO & b continued fraction ek, fF OIHEM%FH~,
KT 2718 SEROBBEMDICHE S, SHOINELEL
EERIMI~fE =0 OB RRL 2k®, £HEL LD
IZ RR1 TOBEDIHEEZHT <D, S5, PRLE

WIEAICE, TOHBTOFERITBYZ, [OEY 255

BRROERELIE S,

Brp(1) XT, BBRRO %713, RRIZHWT,
ME fE,, FE RFEL, 22T, M~ ff
—FF,=0%D Rl %KD, TOR1 LI
MY, £, FEo, 258 LT, El=Mf—ff
—Ff kD, &561T, BREEL2RkD 5, 12720,
n=k OFAITIIFE, =0 L7125,

BEBE(2) X0l Mi—fEi—FLi =0 X0 #F2IickBR2
AR B, fotiL, TITRIHLE, RHETS
CERICEA KR FTEEETH B, 0
2, TOR2ERCTHIZIT MY, L5, B, %
HELT, E2=Mf~f—FF J0BEREE2 %
Kb B,

BebE(3) ®migic, BE(DEBEEQ ORL, El1BLT
R2, E2%AVT, RED»SH L WE2 2HE
T3, UBREEO)EIEST 2EHDET,

3.5 (CLHDAE
TIZTR, A TERLLEBZEMUERVWTA S,
THbb,
BME(D Mf—f5 =0 DRERL & LT, BEEL %
El = M¥—fkt/—FF./
LFB, 22T, Yy vadRIAEAVWTIEL
TBART,
BRE(2) WRICEH LW R2 13, BEMEICNL S LD
IES, TRbb,
Mnk’ fnk< 17 Fnk 1=
TTT, M= FF = FEDSRMTIE
M= MFfF—FE1
Ly, FoXMH OB R2 AkD 5,
BRRE(3)  BRRE(D) B () A NEHY 2188 b KT,

36 (CDOAE
COARERICDDORIELREBLB LU TH B, (CDE
DEWFEREG) TRODEHWV 5,

4. HEHELZORR

ZORXTH, FIOMNXERL LI () KRB
5% T, EfEE LT equivalent depth A%3K®D 72,
DX, BBENKGT B DI oDEENE B, —
i3 continued fraction DK TH 1, LW E—2RBED
EUEEDZ 7D DB VIR LIBEORRTH 5, con-
tinued fraction OINK T ZIHDOH I m/2 TREh, E



98 La mer 35, 1997

Table 1. The convergences of the solution of the tidal equation and the equivalent depths obtained by
the approximation methods of (A1), (A2), (A3), (B), (C1), and (C2) in a symmetric oscillation of
the atmosphere with regards to the equator, and some of the equivalent depths obtained by the
QR matrix-method in the same oscillation.

£=0. 19910E-06 k=1 SYMMETRIC
Al A2 A3 B Cl 2 h o (QR)
m/w/L m/w/L w/w/L w/w/L wm/n/L m/w/L
n =1 20/ /3 20/ /4 20/ /12 * * 1. 280E+02
h 2. 570E+03 2. 5T0E+03 4. 400E+03 * * 7. 470E+02
n=3 * 2/ /86 * * /42/ 24 42/ / 34 42/ /5 1. 880E+03
h * 5. 230E+03 * 7.930E+02 * 9. 190E+03 1. 620E+04
n=>5 * 42/ /7 * *  /42/ 7 42/ / 34 2/ /1 3. 450E+03
h * 5. 230E+03 * 5, 230E+03 * 1. 480E+02
£ =0. 39820E-06 k=1
Al A2 A3 B Cl C2 h (QR)
w/w/ L om/ /L m/w/L m/m/L m/ w/ L m/m/L
n=1 20/ /5 20/ /86 20/ /6 38/ /34 38/ /6 1. 830E+05
h 6. 870E+02 6. 87T0E+02 6. 870E+02 * 5. 910E+02 —4. 480E+03
n =3 * 34/ /3 * * /34/ 17 34/ / 34 34/ /8 5. 290E+02
h * 1. 260E+04 * 1. 830E+04 * 1. 260E+04 3. 030E+03
n=>=5 * 32/ /5 * *  /32/ 7 32/ /34 32/ /6 7.280E+03
h * 1. 830E+04 * 1. 830E+04 * 7. 350E+03
B=0.72720E-04 k=1
Al A2 A3 B Cl €2 h (OR)
mn/w/L w/w/L w/w/L wm/w/L w/m/L a/w/L
n=1 * * * /20/ 4 20/ /6 20/ /3 -1.220E+06
h * * -1.220E+06  -1.220E+06  -1.220E+06 —1.750E+05
n=3 20/ /8 26/ /9 20/ /11 20/ /7 26/ / 34 26/ /6 6. 900E+04
h ~1.750E+05  ~1.750E+05 6. 900E+04 6. 900E+04 * -1. 750E+05  -6. 440E+04
n =35 20/ /3 * 20/ /5 20/ /°6 * * -3. 290LE+04
h 6. 900E+04 * 6.900E+04  -1.750E+05 * &
n=7 20/ /11 * 20/ /7 20/ /21 * *
h -1.990E+04 * -9.400E+03 9. 400E+03 * *
A =0.14544CL-03 k=2
Al A2 A3 B Cl C2 h (QR)
m/w/ L m/w/L wm/w/L wm/m/L wm/w/L m/w/ L
n =2 20/ /2 20/ /3 20/ /3 20/ /3 20/ /2 7. 840E+05
h 7.840E+05 7. 840E+05 7. 840E+05 7. 840E+05 7. 840E+05 2. 100E+05
n=4 20/ /4 20/ /3 20/ /4 20/ /4 20 / /16 20/ /4 9. 550E+041
h 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05 5. 420L+04
n =6 20/ /7 20/ /3 20/ /5 20/ /6 20/ /34 20/ /11l  3.480E+04
h 2. 100E+05 9. 550E+04 9. 550E+04 9. 550E+04 * 2.420E+04 2. 430E+04
n=8 20/ /3 20/ /5 20/ /7 2/ /19 20/ /34 20/ /4
h 9. 550E+04 9. 550LE+04 9. 550E+04 9. 550E+04 * 9. 550E+04
£=0. 14052E-03 k=2
Al A2 A3 B Cl C2 h (QR)
m/w/L mw/w/L w/w/L w/wW/L wm/w/L w/n/L
no=2 20/ /2 20/ /3 20/ /3 20/ /3 20/ /2 7. 060E+05
h 7. 060E+05 7. 060E+05 7. 060E+05 7. 060E+05 7. 060E+05 1. 840L+05
n =4 20/ /4 20/ /3 20/ /4 20/ /3 20/ / 34 20/ /5 8. 240E+04
h 1. 840E+05 1. 840E+05 1. B40E+05 1. 840E+05 * 1. 840E+05 4. 620E+04
n==6 20/ /1 20/ /4 20/ /6 20/ /5 20/ / 34 20/ /7 2. 9508404
h 1. 840E+05 8. 240E+04 1. 840E+05 1. 840E+05 * 2. 950E+04
n=8 20/ /2 20/ /4 20/ /6 20/ /14 20/ /3 20/ /3
h 8. 240E+04 8. 240E+04 8. 240E+04 8. 240E+04 * 8. 240E+04
B=0.21817E-03 k=3
Al A2 A3 B C1 c2 h (QR)
m/w/L m/w/L wo/w/L w/wW/L m/w/L w/w/L
n=3 20/ /1 20/ /2 20/ /2 20/ /1 20/ /1 1. 280E+06
h 1. 280E+06 1. 280E+06 1. 280E+06 1. 280E+06 1. 280E+06 5. 080E+05
n=a 20/ /2 20/ /1 20/ /2 20/ /1 20/ /3 20/ /2 2. 710E+05
h 5. 080E+05 5. 0B0E+05 5. 080E+05 5. 080E+05 5. 080E+05 5. 080E+05 1. 680E+05

n=7 20/ /2 20/ /1 2/ /2 20/ /1t 20/ /4 207/ /3
h 2.710E+05  2.710E+05  2.710E+05  2.710E+05  2.710E+05  2.710E+05
n=9 20/ /2 20/ /1 20/ /2 20/ /1 20/ /5 20/ /3
h 1. 680E+05 1.680E+05  1.680C+05  1.680E+05 1. 680E+05 1. 680E+05

B is an angular frequency, k is an angular wave number towards the east, n is a wave mode towards the south, L
is the number of itteration in the approximate calculation and m/2(or m’/2) is the number of terms of a continued frac-
tion necessary to obtain somewhat exact value of the continued fraction.
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Table 2. The convergence and the equivalent depths obtained by the methods of (A1) and (A2), in an
antisymmetric oscillation of the atmosphere with regards to the equator, as in the Table 1.

B = 0.19910E-06 k=1 ANTISYMMETRIC
Al A2 A3 B Cl C2 h QR)
m/ m/L m/w/L m/w/L w/wW/L m/w/L m/w/L
n =2 * 44 / /6 * * /44/ 31 4/ /34 44/ /12 3. 620E+02
h * 4. 300E+03 * 2. 620E+03 * 2. 620E+03 1. 210E+03
n=4 * 42 / /11 # * /42/ 29 42/ /7 34 42/ /6 2. 530E+03
h * 4, 300E+03 * 1. 180E+04 * 2. 620E+03 1. 780E+04
n=6 ® 40/ /5 * * /40/ 13 40/ /34 40/ /6  4.220E403
h * 6. 210E+03 * 6. 210E+03 * 4. 300E+03
B = 0.39820E-06 k =1
Al A2 A3 B C1 c2 h @Qr
m/ m/ L m/ m/L m/m/ L m/mw/ L m/ m/L m/m/ L
n=2 * 34/ /2 * * /34/ 7 34/ /34 34 / /3 =3.190E+05
h * 9. 930E+03 * 1. 550E+04 * 9. 930E+03 7. 500E+04
n=4 * 34/ /7 * * /34/ 20 34/ /34 34/ /10 3.710E+04
h * 1. 550E+04 * 2. 100E+04 * 1. 620E+03 2. 650E+04
n==6 * 30/ /5 * * /30/ 9 30/ /34 30/ /4 2. 100C+04
h * 9. 930E+03 * 9. 930E+03 * 9. 930E+03
B = 0.72720E-04 k =1
Al A2 A3 B C1 c2 h o QR
m/m/L m/ m/ L m/m/ L m/m/L m/w/ L m/mw/ L
n=2 20/ /4 2/ /1 20/ /1 2/ /%t 27/ /2 2/ /2 7.950E+07
h 7. 950E+07 7. 950E+07 7. 950E+07 7. 950E+07 7.950E+07 7. 950E+07 -1. 810E+05
n=4 20/ /1 36/ /6 20/ /6 20/ /4 36/ /11 36/ /4 -6.450E+04
h -1.810E+05 -1.810E+05 -1.810E+05 -1.810E+05 ~-1.810E+05 -1.810E+05 2. 380E+04
n==6 20/ /5 * 20 / /18 20/ /<5 * * -3. 290E+04
h 2. 380E+04 * 2. 380E+04 -5. 410E+03 * *
n=2=8 20/ /6 * 20/ /8 20/ /12 * *
h 2. 380E+04 * —-6. 450E+04 7. 230E+03 * *
B = 0. 14544E-03 k =2
Al A2 A3 B Cl c2 h o (Qr)
m/m/L m/m/ L m/m/ L m/w/ L m/m/ L m/ m/ L
n=3 20/ /4 20/ /4 20/ /4 20/ /4 20/ /5 20/ /3 3. 660E+05
h 3. 660E+05 3. 660E+05 3. 660E+05 3. 660E+05 3. 660E+05 3. 660E+05 1. 360E+05
1 =5 20/ /6 20/ /4 20/ /3 20/ /4 20 / /34 20/ /8 7. 050L+04
h L. 360E+05 1. 360L+05 1. 360E+05 1. 360E+05 * 7. 050E+04 4. 290E+04
n=7 20/ /5 20/ /7 20/ /9 20/ /14 20/ / 34 20/ /6 2. 880E+04
h 1. 360E+05 7. 050E+04 1. 360E+05 2. 880E+04 * 1. 360E+05 2. 060E+04
n=9 20/ /3 20/ /4 20/ /6 20/ /8 20/ / 34 20/ /3
h 7. 050E+04 7. 050E+04 7. 050E+04 7. 050E+04 * 7. 050E+04
A = 0.14052E-03 k=2
Al A2 A3 B c1 c2 ho @Qr)
m/ m/ L m/w/L m/ m/ L m/m/L m/w/ L m/ m/ L
n =3 20/ /4 20/ /4 20/ /4 20/ /4 20/ /6 20/ /3 3. 240E+05
h 3. 240E+05 3. 240E+05 3. 240E+05 3. 240E+05 3. 240E+05 3. 240E+05 L. 180E+05
n=>5 20/ /6 20/ /3 20/ /3 20/ /4 20/ /34 20/ /10  6.050E+04
h 1. 180E+05 1. 180E+05 1. 180E+05 1. 180E+05 * 1. 730E+04 3. 650E+04
n=7 20/ /5 20/ /8 20/ /1 20/ /16 20/ / 34 20/ /5 2. 430E+04
h 1. 180E+05 1. 180E+05 1. 180E+05 1. 730E+03 * 1. 18CE+05
n=9 20/ /4 20/ /5 20/ /6 20/ /21 20/ / 34 20/ /4
h 6. 050E+04 6. 050E+04 6. 050E+04 6. 050E+04 * 6. 050E+04
B = 0.21817E-03 k=3
Al A2 A3 B C1 C2 h QR
m/m/L m/ w/L m/m/ L m/m/L m/m/ L m/w/L
n=4 20/ /3 20/ /2 20/ /2 20/ /2 20/ /2 20/ /2 7. 650E+05
h 7. 650E+05 7. 650E+05 7. 650E+05 7. 650E+05 7. 650E405 7. 650E+05 3. 620E+05
n =6 20/ /3 20/ /2 20/ /2 20/ /2 20/ /3 20/ /2 2. 100E+05
h 3. 620E+05 3. 620E+05 3. 620E+05 3. 620E+05 3. 620E+05 3. 620E+05 1. 370E+05
n =38 20/ /3 20/ /2 20/ /2 20/ /2 20/ /4 20/ /3 9. T10E+04
h 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05 2. 100E+05

n=10 20/ /4 20/ /2 20/ /3 20/ /2 20/ /7 20/ /3
h 1. 370E+05 1. 370E+05 1. 370E+05 1. 370E+05 1. 370E+05 1. 370E+05
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Table 3. The convergence and the equivalent depths with other &k in a symmetric or an antisymmetric
oscillation of the atmosphere wifch regards to the equator.

B = 0.72720E-04

k 3 SYMMETRIC k=2 ANTISYMMETRIC
Al A2 h  (QR) Al A2 h  (QR)
m/ m/ L m/m/L m/ m/ L m/ m/ L
n=23 20/ /9 —-1.470E+05 n = 3 20/ /8 24/ /5 -3. 670E+05
h 5. 520E+04 5.520E+04 h -9.640E+04  -3.670E+05  -9. 640E+04
m/m/ L m/ mw/L -5. 940E+04 m/m/L m/mwm/L -4, 380E+04
n=5 20/ /5 * -3. 150E+04 n = 5 20/ /6 42/ /8 2. 330E+04
h 5.520E+04 * -1.940E+04 h -6. 730E+03  —9.640E+04 2. 490E+04
m/m/ L m/mw/ L m/m/ L m/m/ L
n=7 20/ /24 % n=7 20/ /4 *
h -1.470E+05 * h 2. 330E+04 *
m/mw/ L m/ w/ L m/m/ L m/mw/L
n=9 20/ /11 % n=9 20/ /5 %
h 1. 310E+03 * h 2. 330E+04 *
B = 0. 14544E-03
k=3 SYMMETRIC k=2 ANTISYMMETRIC
Al A2 h QR Al A2 h o (Qr)
m/m/L m/m/L m/w/L m/mw/L
n=3 20/ /3 4.720E+05 n = 3 20/ / 4 20/ /4 3. 360E+05
h 4. 720E+05 1.610E+05 h 3. 360E+05 3. 360E+05 1. 360E+05
m/m/ L /w/ L 7. 980E+04 m/m/L wm/m/L 7. 050E+04
n=5 20/ /4 20/ /4 4.730E+04 n = 5 20/ /6 20/ /4 4. 290E+04
h 1. 610E+05 1. 610E+05 3. 130E+04 h 1. 360E+05 1. 360E+05 2. 880E+04
m/w/ L m/m/ L m/m/ L m/ m/ L
n=7 20/ /8 20/ /3 n=1717 20/ /5 20/ /7
h 7. 980E+04 7. 980E+04 h 1. 360E+05 7. 050E+04
m/m/L m/m/ L m/m/L m/m/ L
n=9 20/ /5 20/ /11 n=9 20/ /3 20/ / 4
h 7. 980E+04 7.980E+04 h 7. 050E+04 7.050E+04
B = 0. 14052E-03
k =3 SYMMETRIC k=2 ANTISYMMETRIC
Al A2 h (QR) Al A2 b QR
m/m/ L m/mw/L m/m/ L m/m/ L
n=3 20/ /3 4.300E+05 n = 3 20/ /4 20/ /4 3. 2401+05
h 4. 300E+05 1.430E+05 h 3. 240E+05 3. 240E+05 1. 180E+05
m/m/ L m/ m/ L 7. 020E+04 m/ m/L m/ m/ L 6. 050L+04
n=>5 20/ /4 20/ /4 4.120E+04 n = 5 20/ /6 20/ /3 3. 650E+04
h 1. 430E+05 1. 430E+05 2.710E+04 h 1. 180E+05 1. 180E+05 2. 430E+04
m/m/L m/ m/ L m/w/ L m/m/ L
n=7 20/ /8 20/ /3 n=17 20/ /5 20/ /8
h 1. 430E+05 7. 020E+04 h 1. 180E+05 1. 180E+05
m/ mw/ L m/mw/L m/w/ L m/m/ L
n=9 20/ /4 20/ /6 n=9 20/ /4 20/ /5
h 7. 020E+04 7.020E+04 h 6. 050E+04 6. 050E+04
B = 0.21817E-03
k=4 SYMMETRIC k=3 ANTISYMMETRIC
Al A2 h  (QR) Al A2 h (QR)
m/m/L m/mw/L m/m/ L m/mw/ L
n =4 20/ /2 8. 140E+05 n = 4 20/ /3 20/ /2 7. 650E+05
h 8. 140E+05 3.730E+05 h 7. 650E+05 7. 650E+05 3. 620L+05
m/w/L m/m/ L 2. 140E+05 m/ m/L m/m/L 2. 100E+05
n==6 20/ /3 20/ /2 1.390E+05 n = 6 20/ /3 20/ /2 1. 370E+05
h 3. 730E+05 3. T30E+05 9.800E+04 h 3. 620E+05 3. 620E+05 9. T10LE+04
m/m/ L m/ m/L m/m/L m/m/ L
n =38 20/ /3 20/ /2 n =8 20/ /3 20/ /2
h 2. 140E+05 2. 140E+05 h 2. 100E+05 2. 100E+05
m/m/ L m/m/L m/m/L m/ m/ L
n =10 20/ /3 20/ /2 n =10 20/ /4 20/ /2

h 1. 390E+05 1. 390E+05 h 1. 370E+05 1. 370E+05
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Table 4. The convergence and the equivalent depths vaying k with keeping n constant.

B = 0.72720E-04

n =171 SYMMETRIC
Al
m/ m/ L
k =1 20/ /12
h -1. 990E+04
m/m/ L
k =3 20 /7 24
h -1. 470E+05
m/m/L
k =5 20/ /12
h —-5. 160E+04
m/ m/ L
k =7 20/ /4
h 2. 360E+04
B = 0.14544E-03
n =8 SYMMETRIC
Al
m/w/ L
k=2 20/ /4
h 9. 550E+04
m/ m/ L
k =4 20/ /6
h 6. 730E+04
m/ m/ L
k=6 20/ /4
h 8. 320E+04
m/ m/ L
k =8 20/ /2
h 1. 020E+05
A = 0. 14052E-03
n=23 SYMMETRIC
Al
m/w/L
k=2 20/ /3
h 8. 240E+04
m/m/ L
k =4 20/ /9
h 5. 990E+04
m/m/ L
k =6 20/ /4
h 7.570E+04
m/mw/ L
k =8 20/ /2
h 9. 470E+04
8 = 0.21817E-03
n=9 SYMMETRIC
Al
m/ m/L
k=13 20/ /3
h 1. 680E+05
m/ m/ L
k =5 20/ /3
h 1. 750E+05
m/ m/ L
k =7 20/ /3
h 1. 850E+05
m/m/L
k=9 20/ /2

h 1. 990E+05

h (QR)
A2 Al / A2
m/m/ L
*
* 2/ %
m/m/ L
*
* ? ) *
m/m/ L
34/ /13
-1.830E+04 2?2 / ?
m/m/L

o /
h o (QR)
A2 Al / A2
m/m/ L
20/ /6
9.550E+04 2 / ?
m/ m/ L
20/ /4
6.730E+04 o /o
m/m/L
20/ /3
8.320E+04 o /o
m/m/ L
o /
h (QR)
A2 Al /A2
m/m/L
20/ /b
8.240E+04 ? / ?
m/m/ L
20/ /4
5.990E+04 o /o
m/ m/ L
20/ /4

7.570E+04 o /o
m/m/L

o /

h (QR)
A2 Al /A2
m/m/ L
20/ /2

1.680E+05 o /o
m/m/ L
20/ /2

1.750E+05 o /o
m/mw/ L
20/ /2

1.850E+05 o /o
m/m/L

o /

[#2]

-~

ANTISYMMETRIC
Al A2
m/m/ L m/ m/ L
20/ /4 %
2. 330E+04 *
m/m/ L m/m/L
20/ /5 %
1. 980E+04 *
m/m/L m/m/ L
20/ /9 26/ /6
1. 540E+04  —4. 200E+03
ANTISYMMETRIC
Al A2
m/ m/ L m/ m/ L
20/ / 4 20/ /5
8. 270E+04 8. 270E+04
m/mw/ L m/ w/ L
20/ /86 20/ / 4
1. 100E+05 6. 040E+04
m/m/ L m/ m/ L
20/ /4 20/ /4
7. 490E+04 7. 490E+04
m/ m/ L m/ w/ L
20/ /3 20/ /3
9. 230E+04 9. 230E+04
ANTISYMMETRIC
Al A2
m/m/ L m/m/ L
20/ /5 20/ /6
6. 770E+04 6. 770E+04
m/mw/ L m/ m/ L
20/ /5 20/ /5
9. 440E+04 5. 290E+04
m/wm/ L m/w/ L
20/ /5 20/ /4
6. 7TH0E+04 6. 750E+04
m/mw/L m/m/L
20/ /3 20/ /3
8. 480E+04 8. 480E+04
ANTISYMMETRIC
Al A2
m/m/L m/m/ L
20/ /4 20/ /3
1. 670E+05 1. 670E+05
m/m/ L m/m/ L
20/ /3 20/ /2
1. 710E+05 1. 7T10E+05
m/mw/L wm/m/L
20/ /3 20/ /2
1. T90E+05 1. 790E+05
m/mw/L wm/m/L
20/ /2 20/ /2
1. 920E+05 1. 920E+05

h o (QR)
Al /A2
? /%
° /%
? / *
h  (QR)
Al /A2
? Y
o /?
o] /o
o /o
h (@QRr)
Al /A2
2 /9
? )
o /o
[¢] /o
h  (Qr)
Al /A2
(0] /0
o /o
o /o
o /o

0,*, and ? indicate successful, unsuccessful, and guestionable cases, respectively.
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SYMMETRIC

B = 0.19910E-06
k =2 n =
h

k =4 n =
h

k=6 n =

k =2 n =
h
k=4 n =
h
k =6 n =

k=2 n =
h

k =4 n =
h

k = 6 n =
h

k =8 k =

k=3 n =
h

k=5 n =
h

k =7 n =
h

k=9 n =
h

k =3 n =
h

k=5 n =
h

k=17 n =
h

k =9 n =
h

k =4 n =
h

k=6 n =

h

k =8 n =
h

k = 10 n =

10

La mer 35, 1997

Al
m/m/L
22/ /7
9. 160E+02
m/w/ L
30/ /8
1. 060E+02
m/ m/ L
38/ /10
-1. 220E+00

6. 530E+04
m/m/L
20/ /9

4. 460E+04
m/m/ L
20/ / 4

2. 890E+04
m/ m/ L
20/ /4

1. 960E+04

Al
m/m’/L
20/ /3

4. 720E+05
m/w/L
20/ /2

2. 220E+05
m/ o/ L
20/ /2

1. 280E+05
m/m/ L
20/ /2

8. 330E+04

8. 140E+05
m/m/L
20/ /2

4. 100E+05
m/m/L
20/ /2

2. 470E+05
m/m/L
20/ /2

1. 640E+05

m/m/ L

m/m/L

A2
m/m/ L
m/w/ L

m/m/ L

A2

m/m/ L
m/w/L
m/m/L

m/m/ L

A2
m/mw/L

m/m/ L
m/m/ L

m/m/ L

A2
m/ w/ L

m/ w/ L
m/ o/ L

m/m/L

A2
m/m/ L

m/m/ L
m/m/L

m/m/ L

A3
m/m/L
22/ /7

9. 160E+02
m/m/ L
30/ /8

1. 060E+02
m/m/L
38/ /10

-1. 220E+00

A3
m/m/L
24/ /8

9. 270E+02
m/w/L
32/ /4

5. 640E+02
m/ o/ L
42/ /7

1. 030E+02

20/ /3

4. 720E+05
m/ w/ L
20/ /2

2. 220E+05
m/ m/ L
20/ /2

1. 280E+05
m/m/ L
20/ /2

8. 330E+04

8. 140E+05
m/m/ L
20/ /2

4. 100E+05
m/m/ L
20/ /2

2. 4T0E+05

/
1. 640E+05

h

h

(QR)
4. 090E+01
2. 730E+02

1. 460E+01
1. 080E+02

8. 04E+00
6. 220E+01

(QR)
. 270E+02
. 330E+02

—~

. 840E+01
. 490E+02

N o

. 000E+01
. 380E+02

—_1

(QR)

-3. 380E+05

-9

. 580E+04
6. 530E+04

jox

-8. 150E+05

4. 460E+04
2. 890E+04

-3. 560E+04
-2. 180E+04

1. 960E+04

~1. 980E+04

h

h

(QR)
T20E+05
. 610E+05

—

. 220E+05
. 010E+05

— D

. 280E+05
5. 940E+04

1
6
8. 330E+04
5. 020E+04

QR
4. 300E+05
. 430E+05

—

. 040E+05
. 200E+04

WS

180E+05
330E+04

O =

T20E+04
. 610E+04

NN

(QR)
. 140E+05
. T40E+05

100E+05
280E+05

o o

. 470E+05
. 540E+05

—

o

. 640E+05
. 110E+05

—

Table 5. The convergence and the equivalent depths varying k with keeping n cqual to k.
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Table 6. The convergence and the equivalent depths varying k& with keeping # equal to k+1.

ANTISYMMETRIC

B = 0.19910E-06 Al A2 A3 h  (QR)
m/m/L m/mw/L m/no/L 1. 230E+02
k=2 n=3 38/ /10 =* 38/ /13 4. 410E+02
h 1. T00E+03 =* 1. 150E+03
m/m/L m/n/L wm/w/L 4. 7T00E+01
k =4 n=>5 42/ /5 * 42 / /4 1. 760E+02
h 5. 140E+02 * 7. 070E+02
m/ /L w/w/L wm/a/L 2. 680E+01
k =6 n=7 * * * 1. 020E+02
h * * ®
8 =0.39820E-06 A2 A3 h  (QR)
m/m/L m/w/L m/m/ L 3. 600E+02
k=2 n=3 * * * 1. 200E+03
h * ¥ *
m/mw/L m/w/L w/m/L 1. 130E+02
k =4 n =25 * * * 4. 050E+02
h * * *
m/mw/L m/w/L wmn/w/L 6. 160E+01
k=6 n=7 * * * 2. 260E+02
h * * ®
B = 0.72720E-04 Al A2 A3 h (QR)
m/m/L m/m/L m/m/ L -3. 670E+05
k =2 n=3 20/ /8 24/ /5 20/ /4 -9. 640E+04
h -9.640E+04  —-3.670E+05 -3.670E+05
m/ w/ L m/m/L m/mw/ L -8. 160E+04
k =4 n=>5 20/ /8 38/ /5 20/ /6 -4. 020E+04
h ~-1. 540E+04  -4.020E+04 -4.020E+04 1. 980E+04
m/mw/L m/m/ L m/mw/L -3. 560E+04
k =6 n=17 20/ /9 26/ /6 20/ /3 —-2. 190E+04
h 1. 540E+04 -4. 200E+03  -4. 110E+03 1. 550E+04
m/w/L m/w/L m/n/L ~1. 980E+04
k =8 n=9 20/ /6 24/ /9 207 /15 1. 200E+04
h 1. 190E+04 2. 960E+03 5.400E+03  —1. 370E+04
5. 410E+03
B = 0.14544E-03 Al A2 A3 h (QR)
m/w/L wm/mw/L m/w/L 2. 570E+05
k 3 n =4 20/ /4 20/ /3 20/ /4 1. 100E+05
h 2. 570E+05 2. 570E+05 2. 570E+05
m/ m/ L m/m/ L m/w/L 1. 440E+05
k=5 n=6 20/ /3 20/ /3 20/ /38 7. 490E+04
h 1. 440E+05 1. 440E+05 1. 440E+05
n/mw/L m/w/L wm/m/L 9. 230E+04
k=17 n=28 20/ /3 20/ /3 20/ /3 5. 390E+04
h 9. 230E+04 9. 230E+04 9. 230E+04
m/ w/ L m/m/ L m/m/ L 6. 370E+04
k=9 n =10 20/ /3 20/ /38 20/ /3 4. 050E+04
h 6. 370E+04 6. 37T0E+04 6. 370E+04
B = 0.14052E-03 A A2 A3 h  (QR)
m/wm/L wm/w/L wm/m/L 2. 310E+05
k =3 n =4 20/ /4 20/ /4 20/ /4 9. T40E+04
h 2. 310E+05 2. 310E+05 2. 310E+05
m/w/L wm/w/L m/m/L 1. 320E+05
k =5 n==6 20/ /3 20/ /3 20/ /3 6. 750E+04
h 1. 320E+05 1. 320E+05 1. 320E+05
m/m/L m/m/ L m/mw/ L 8. 480E+04
k=17 n=2=8 20/ /3 20/ /3 20/ /3 4. 900E+04
h 8. 480E+04 8. 480E+04 8. 480E+04
m/mw/ L m/m/L m/mw/ L 5. 870E+04
k=9 n = 10 20/ /3 20/ /3 20/ /3 3. 7T00E+04
h 5. 870E+04 5. 870E+04 5. 870E+04
B = 0.21817E-03 Al A2 A3 h (QR)
m/m/L m/w/L wm/w/L 5. 300E+05
k=4 n=>5 20/ /3 20/ /2 20/ /2 2. 780E+05
h 5. 300E+05 5. 300E+05 5. 300E+05
mn/w/L m/n/L m/w/L 2. 990E+05
k =6 n=7 20/ /2 20 / 20/ /2 1. 800E+05
h 2. 990E+05 2. 990E+05 2. 990E+05
m/m/L m/w/L wm/n/L 1. 920E+05
k =8 n=9 20/ /2 20/ /2 20/ /2 1. 260E+05
h 1. 920E+05 1. 920E+05 1. 920E+05
m/m/ L m/m/L m/m/L 1. 340E+05
k =10 n =1l 20/ /2 20/ /2 20/ /2 9. 370E+04

h 1. 340E+05 1. 340E+05 1. 340E+05
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Recent occurrence of phytoplankton in the hyper-eutrophicated
inlet, Tokyo Bay, central Japan”

*ot

Hideaki NOMURA *'" and Makoto YOSHIDA **

Abstract: Total of 35 quantitative samples of phytoplankton communities were collected
monthly during 3 years (January 1991-December 1993), to study the seasonal variation of
phytoplankton communities. Sampling was conducted at a station located in a central part of
Tokyo Bay, central Japan. Samples for cell enumeration were immediately fixed by a borax buff-
ered formaline on board of the T/S Seiyo-maru or T/B Hiyodori, Tokyo University of Fisheries.
Total of 55 species belonging to 36 genera were indentified. On average, phytoplankton commu-
nity was composed of diatoms (92%), dinofagellates (7%) and the other alage (1%). The most
of species, e.g. Sketeonema costatum, Provocentrum minimum, Rhizosolenia fragilissima, were the
inlet water species and were mostly contained within the red tide organisms around the temper-
ate Japanese coast. The seasonal variation in abundance of phytoplankton was coupling with
that of S. costatum, because of this alga was the best representative one that contain 69% of the
observed phytoplankton abundance. Phytoplankton abundance in 1992 was lower than the other
surveyed years, however, these changes were not reflected on the algal biomass as chlorophyll
a concentration. This fact shows that the phytoplankton biomass was dominated by the
unfixable flagellates using formaline in this year. Generally, phytoplankton communities are
composed by diatom species during winter (January-March), and are dominated by unfixable
flagellates using formaline in the other seasons. Seasonal variations of phytoplankton compos-
ers seem to depend upon the change of water temperature. Environmental requirements to in-
crease chlorophyll ¢ concentration as an index of phytoplankton biomass are as follows, 1)
global solar radiation of >>10 MJ/m? on average of three days, 2) water temperature of >>16°C
(spring-autumn). During winter in 1992, little diatom blooms were ovserved. As compared with
1992, strong stratifications in water column were formed in 1991 and 1993 with significant in-
creases of diatom cell numbers. In the hypereutrophicated inlet, Tokyo Bay, nutrient concentra-
tions do not limit alagal growth in mixing layer whether the stratification develops strongly or
weakly. Natural growth of phytoplankton community is probably controlled by light and tem-
perature in this bay. When the mixing layer becomes thin under strong stratification condition,
distance of vertical circulation in mixing layer shorten. Then, diatoms can be remained in
euphotic zone and are probably received light requisite for algal growth. Under non-limiting
condition of nutrients, strong stratification seems to enhance the diatomic community growth
during winter.

T ZBRFASUKBRFEO T

T461-01 FEIEA BT X AT
Laboratory of Global Aquatic Biological
Processes, Institute for Hydropheric-Atmo-
spheric Sciences,Nagoya University,Furo-cho,
Chlkusa ku, Nagoya-shi, Aichi 464-01, Japan

Rk%ﬁ%hr‘%iif‘ﬂ%ﬁm*

T113 BRSO XA 1-1-1

Graduate School of Agriculture and Agricul-
tural Lifesciences, The University of Tokyo,
Yayoi 1-1-1, Bunkyo-ku, Tokyo 113, Japan
"B ﬁiamﬁk% T108 s X 45T
Tokyo University of Fisheries, Konan 4-5-7,
Minato-ku, Tokyo 108, Japan

1. #

WEEBIR, B, HRTRLBXBLLIIABESN
TWw5 (ISHIMARU, 1991, RREICB T 28875 v 7
b OB, #BE» S (BR, 1952 B - K
1966; ATH, 1973; K « W5, 1973; ALK iE A, 1974
(H « 55H, 1979; /NI, 1982, SHiBATA and ARUGA,
1982; Han, 1988; YamacucH ef al., 1991%), ¥4~
5 v b v ORI & EREOKEEE & OREEICE
LTHIEDSERSN TV S, LaL, 19904ERICA-T
o, BT S v by OBOBBRREEEEICD:

il



108 La mer 35, 1997

. N
1 el S l35°20N

o
e I
4 g\ _

Fig. 1. Sampling station A in Tokyo Bay,
central Japan.
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mH 1R, BREICHEREL 7, HEE, WE/KEREHRRE
MEMm BEAL] A5V TOXRED ] ITEDITH 70
Bk v AW 7 RTK L £ic7 + 0=
VRBRRRIEE1%6ICE B XD ICAREE Lz, MERK
&, EERETHE B L, TS vy ORE -
U, BRFEAE 1ml % Sedgewick—Rafter i 5i ic
B, H¥EMes (XY v o2 BH2) 2HOVTiT-
7o 7m0 7 4 va BEE, BEILEEK 50ml %7
SA77A4/8—=7 4% — (Whatman GF/F) T
U, NNN-UAF VT4 VAT IRTT 4 V57— FIcH
L LINTFL»5mFBEME L (Suzukr and IsHIMARU,
1990), HDEHEIC X OHEIE L <,

B OYENERE S LT, KB -EHO% CTD Itk
DRIE L feo W - H1EF (1982) BEHOKRBEAERIC
L0 9BRECY, RIBEREELTAL, #AERRI2H
PoYBETO 3 HEOFEERBERE, RIgvy — v
LHEER R BB D Skeletonema costatum OFRKIBEE
OERICBBLRAMIELTWE I EERLE, LAL,
KIERBOBE, YEMRERT & L TR T WdEHE

~NOHATHIET B DI L, WK TIREEF &EOmH o
RTWA>TLE D FITARPFETIEARM « FE
(1982) ORBIEHKAEBHZIC LI ET, SETRITOR
FITAWMS SEROBHOSKAHEON, HEHES
ORI HEOSESHHBEWMY 75 v 7 + v OflaEE
DR AT,

SRICBIL T, Nitzchia |8, Pseudo—nitzschia BRK U
Cylindrotheca |83, B CFEAMBIC X 2K TRIE
DEESANEEEE & TW 3 (Takano and Kuroki,
1977), = T TAWIRIZTB W TIZ, Nitzchia longissima
% Cylindrotheca closterium LD DO FE A type A,
Pseudo—nilzschi pungens I8 FE SN 3OS type
B & L,

3. # B
3-1. REKE - XAEES - 2XAHE

FEKE - £EES - S RASBOSHIZAL % Fig. 2
R, RE/KEIZ 9.8-260°C OBITESF L, HmE/kia
F19914F 8 H, HAE/KIEIZ19934E 1 HTH » 12, HERID
SEHUKIR L, 1991460 H19934E F TEF N E N 178, 175,
17.2°C T, REBEVRAONEDP -7, UL, 1992
FERIMOEEIZRL Y, BEKED 240C T, 1991,
19934 (2N #1260, 259°C) IcH~EL -7, LD
L, I0HIKBVTH 21.0C EMOHELD 2°C &h - 1
e, AFILBVTH I0CHEES Y, FEHokE
E#H/NES ool Lok, FREEMEIMOE &R
BEERE ~ 1, F1, RRABOEEKBORSER, &
HW8HBAVIIIGHIKEONSEA (FFkf, 1993), 1992
Fid 6 Hicid@d Lo i T DFE S 3RS » T,

KM L, 185-322 ORI TEF L, B (31993
FAH, BAESEMEI993E 9 ATH - 7, HAESREE
BZEAL SRR T VA, WP 1-3 HoZFicEl,
BEAZPIICE T Ui, FEOFYIESTZ, 1991405
19934 % T2 NF 41 27.8, 288, 276 TH v, 199241315
DNOEBNETH 120 12, FOLHIFE, 1914F0
13.3 (18.8-32.1 TZ#H), 1993F D 13.7 (185-32.2) itk
N3 E 66 (249-315) L/NEho o, FHEKE « HEH
THBE, 192FEEFEFOKENKL, FEMOENKE
WETH - 12,

SR EFHEZ 367-204TM)/m’ OIS TEE L, BS
TSR 319924 6 A, HEHHERIZ199UFEION TH - 120
SREHEE, 10-12, 1, 3 HITEL, 6-8 HlcE Wl
RO, THOEEEKARE, 19914 51993
EETENFN 994 (3.67-15.27 TZEH)), 1208 (4.17-
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Fig. 2. Seasonal variations of temperature in surface water, salinity in surface water and

global solar radiation, from 1991 to 1993.

2047), 10.71 (4.90-18.43) MJ/m* T, 19924437 <,
BB K E D - 12,

32, 00T 4NaBELEMTSVI N OOMBER

W LE TS v 7 b i3, M - EHEE -
WEHEM s 2 — 7 L ERO 4/F36BiIchin, 0
S bREE TRIE SN I3 HER3E, AR5,
HEORH I BOAESETH - 72 (Table 1),

s0v 7 g nvaBEEBMBEERE « 38 » Skele-
tonema costatum « BMWEREF NFNOHMEE O ZFHi
Zit% Fig. 3 1Rd, 700 7 1 va EBEIE 3.1-104.0
ug/ L OTEH L, REBEI1993FE11H, HEEH
(319924E 5 H TH - 72, T THIEA, 1991-1993
FEQroo7 4 VEBER, #NEh 267, 228, 25.7 ug/4
TREBEVEED SN -7, LL, 1991, 1992
HFREF 2Ty 0o 7 0 VBN 1L A EHitoD

HAEEAERLIZDITHL, 190FEREFICE I/ no 7 4
WIBEED FHABEE T - 2,

M7 5 v b v ORISR, 7-8607 cells/ml
TEHL, KEEERINIES H, REFEIRE41A
TdH - 1o FEFIEIL1991, 1993445 2 N2 1 2413,
1248 cells/ml TH - =D izt L, 19924F 12 610 cells/
ml TS, FHOKSHBE®E & 2490cells/ml T
HD 1/2-1/3 Th -1,

HE OB 13 7-8010 cells/ml TLH L, HoS%
FEIR19914E 6 F, BAEEERRIE 4 B Th -7, HHEEE,
1991, 19934Fic & 1 2 WA T 2196, 1185 cells/ml
WEL L7248, 19924742 13 541 cells/ml S EFEETH -
120 HEEO R THEIC% { HER U 7 Skeletonema costatum
DB (Z 0-7460 cells/ml TEEH L, HEFEE R
191 7 Hicl ohic, AREIZ1991, 1993 iczhEFh
FESPHE T 1898, 996 cells/ml T - f2 A%, 199241214 34

cells/ml, T TH 291 cells/ml LOHIR L EH - 12,
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Fig. 3. Annual cycles of chlorophyll @ concentration, total cell number of phytoplankton, dia-
tom, Skeletonema costatum and dinoflagellate at station A from 1991 to 1993.

TR OIS 13 0-1487 cells/ml TZEE L, &
EEEIRI9IES HicRont, MEERIBEZ,IOL
Z, FIC5-8 AUEENS B rEnsEHE s, E
FOFHEHRFEE, BRESEETRETVEDD1992
T 31 cells/ml SEHEREE T, 1991, 19938 iz #h %
215, 55 cells/ml DSHIBL L 72,

19924F 3MM 75 v 7 b v, SSICHEO B HE
B2 HICHAED - 128, TOEFIIIEASHEY S

SV rvORER (7ou 7 4 ba BE) 3K
Ltidp -tz (Fig. 8), R b, 19983%F11Aicdb 7 o0
7 4 VBENIEMTORSMEER LSO Lhb ST,
W7o v o+ OHRBIEEENS IR LIEh > 12,
C ORI 3ESHOBEICKD, 72 0< ) VEEHER
73\, Heterosigma akashiwo MEZBICHEE LI &
PHER SN, 19920 M 75 v 7 » VKSR E & B
FROA—EE, 71 V=Y v CRIEHRE WEEROW
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Fig. 4-2. Annual cycles of phytoplankton species at station A from 1991 to 1993.
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Fig. 4-3. Annual cycles of phytoplankton species at station A from 1991 to 1993.

EFEH, soo T VEECHOERE ED TV L 3-3. WEMTSUUFrOFEMEL

EioNb, HEUEICBWLTIR, 19924EQRICT 4 L= SEMAETET 5 LHBEEOSVWEY 75 V7 b v
) vy CEEHRBTOHEENSZ (HBETAESH S L W3NE1C, Skeletonema costatum (V- H0 K %5 & 1003
E2RT, cells/ml), Nitzschia type B (94), Prorocetrum mini-

mum (74), Rhizosolenia fragilissima (54), Thalas-



HEBICBI 2 EEOEY 7S v 7 + v OB 115

1500 T t
1 1
| 1
1000 v Prorocentrum :
I L.
| minimum :
1
500 | I
1 1
1 1
0 bbb 1 LI NP b 4 4 | LGNS d b bbb
300 T +
1 1
] i
200 |- ! Prorocentrum \
- : triestinum |
100 | |
| 1
L | |
0 bbbbdbdl AA\,\},AIA,LA\AAM¢A\AAAAA L
10 1 T
\ |
| I
Prorocentrum i
. 1
5 gracile i
i
|
i
i

I
|
|
QX {
|
I

Noctiluca scintillans

Cell number (cells / ml)
o

o584 [

stainil

i
I
]
Pyrophacus |
i
|

Dinophysis rotundata

R et X e TR TR

0
150 i .
L i i
1 Ceratium furca !
I [
100 - : |
L | i
1 |
50 ] |
I |
I ! !
0 bbdbbbdddddldiddsddddddd

JFMAMI JASONDJ FMAMJ JASONDIFMAMIJIJASOND

1991

1992 1993

Fig. 4-4. Annual cycles of phytoplankton species at station A from 1991 to 1993.

stosira spp. (44), Chaetoceros debile (39), R. setigera
(20), T. rotula (18), Nitzschia type A (16), P. tries-
tinum (14), Eutreptiella sp. (13), Naviculaceae spp.
(11) TH b, hidFaEM 5cells/ml LN TH - 12,
W75 v by ORISR (1447 cells/mlD) (2
$td S EHBMOMEERE 1392% TH b, S. costatum DFH

R SEERRDT6% (RHIEEE D69%) % hw T,
W75 v o r yOMBEEEOCOEEE, 131 S
costatum DEEBNZRML-bDTHY, KEIZT7 » L
<) VEETEEWY TS v 7 b v ORBELETH B,
AHFICBOTHE LBMEM 75 v 7 b v OMlaE
EOEHIZE(LE Fig. 4-1~5 1R, HEBICB I 5
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Fig. 4-5. Annual cycles of phytoplankton species at station A from 1991 to 1993.

M7s ot v OBEELIBIL T, Han (1988),
P o /NI (1990-1992) Z5ic & 21K & AR R DFER
THEBER NG h o7, 2O T & 19B0FERD LA
BT COMY 75 v 7 b v OHBURISAKECE
fELTWR W EERLTWS, L, W75 v 7 ¢+
VOBFNBHEER, UTo@bTthsd, XFICBITS

Thalassiosira anguste—lineata, Coscinodiscus wailesii,
KE s 5 HFEFTRhizosolenia setigera, HE» O HEEIC
W iF T Eucampia zodiacus, Actionoptychus senarius,
Euterptiella |8 N %O HTR Helerocapsa triquetra,
Dinophysis acuminata, Protoperidinium bipes, Proro-

centrum minimum, P. triestinum, Scrippsiella trochoi-
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Fig. 5. Relationship between diatom cell numbers and total phytoplankton cell numbers (left
column), chlorophyll @ concentrations(right column).

dea, Oxyphysis oxytoxioides, Noctiluca scintillans, B
E 5 FKE T Nitzchialg, Asteromphalus flabellatus,
Chaetoceros affine , MEDP OAFTICIHEBEREIEZ,
C. didymum, C.

Thalassionema nilzchioides,

Chaetoceros debile, lovenzianum,
Thalassiothrix  frauen-
feldii BT 2, BRIFFHERT 275 o b v
KWBWTS, FRHEBEEWHLERL, Skeletonema
costatum SFKEMN 5/, Rhizosolenia fragilissima,
Naviculaceac spp. 58 2%, Protoperidinium pelluci-
dum PEZEPOEFTH - 12,

19924131991, 1993F LT 75~ 7 b v DI
SRR MK - 7o b8 (Fig. 3),  19924F i Mz
BEOSWEY T 5 v 2 b v bR o0l S amiameE
& L T Nitzchia type B 121991-1993 it h Fh
52, 212, 28 cells/ml, Rhizosolenia fragilissima 3 %
nZF0n 50, 111, 5cells/ml, Eutreptiella sp. 3Z T h
1, 34, 4 cells/ml HEL L 72,

FEEsNEITE, H5FED, TichsHIcOAEE
ENTHEDE B 1o, 199141 & Licmophora abbre-
viata (2 A), 9 H),
Guinardia flaccida (7T ), Pyrophacus stainii (8 A)

Prorocentrum gracile ( 6,

D 4 FE, 19928113 Stephanopyzxis palmeriana (1 1),
Dinophysis rotundata (1, 11 A ),
depressum (2 A),
Thalassiothrix delicatula( 9 A), Chaetoceros decipiens
(11, 12H), C. pseudocurvisetum (118), C. sociale
(A1H) @ 8FE, 19934 d Thalassiosira lundiana
(1 RB), Dictyocha fibula (11, 127) O 2 FEIEHE X
Nz, Han (1988), #Rk - /NIT (1990-1992), &I
A (1990) 2B LR, EidoWN, P stani,
C. gigas, C. sociale, D. rotundata, T. lundiana, D.
fibula 1§, HEEICBOTHEHEL T, Blck-T
BRI HEBAGEE > TV 3, LhL, 0o
B HBRA D 5 BT, #WKSHRICK » TEBANPSHEA
LTctZEZ 5N 5, BAREILI991F 3/, 199265/ T,
1993 F IcR R o -t ZOHT, G flaccida , S.
palmeriana, P. depressum 3 19404FACHB Y O H A
(BER, 1952) &2V IilEKE (88 » /A, 1922) T
FEg s hols, I9TOERDIBRORFEE clis s T
B> BTH -T2,

Protoperidinium

Coscinodiscus gigas (9 H),
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Fig.6. Relationship between chlorophylla and tem-
perature in surface water (upper), salinity in sur-
face water (middle), global solar radiation
(lower) from all data.
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mpasE o% (Fig.5) %, £F 13 LEZFMP oK
F4-12HD 2 SOMWIC T TAH B L, XFEOHEM
famE Y75 v 7 P Y REEICLOHEL T
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1997

4000
— [0:1991
1 0: 1992
%i 3000 ‘ 2
2 i
g
~ 2000
=)
g
8
A 1000
0 LA | !
8 9 10 11 12 13 14
Temperature (°C
4000 P (©)
A
E 3000
.
g
~ 2000
=]
2
8
N 1000
0 Y 1070
29 30 31 32 33
Salinity (PSU
4000 v ( )
A
z
£ 3000 -
2
) O
O
\é’ 2000 |
9]
= @]
8 A
A 1000 |-
0 A L 00 1 J

4 6 8§ 10 12 14
Global solar radiation (M]/m?)

Fig. 7. Relationship between diatom cell numbers
and temperature in surface water (upper), salin-
ity in surface water (middle), global solar radia-
tion (lower) during winter (January—-March).

fefEL Ly 7> v o b vEEROBRE, £FTE
HEHBHEB (r=0835) 2EBonsh, ZofthoZE
HCHPFBLERERO NP~ o BEDOZEMSHE
WEOHY 75 v b vEER, AFICEHEHREATH
aEn, HEEMEY TS Y7 b v 2E0RERICKES
kT A0 L, fhoEFIcEEZABERLIEVWI L
ETET 5, THROBEY TSI 7+ vOREER»OE
HBOREMERESZD 1413, 1-3 HoEEO s 5
HE, 41207 5 V=) YEIETEEOWHEEREDOER
T A D 2 > D HIC KB TE b,

Fig.6 Y75 v 2 b vEEBREKE « H5r + 3



HEBICBY ZEFEOREY 75 v 7 + v OHBIRR 119

Temperature (°C)

8 10 12 14 168 10 1 14 16 8 10 12 14 16

0 T T U T [ b T T 1

2 r o o

4 1991 r 1992 - 1993

6 - -

8 n - W Jan
g]O - o N A:Feb
Sk - n A: Mar
RV C -

&1 N C
Rie n -
18 r r
20 - -
= -~ -
2 r C I
24 & - =
Salinity (PSU)

29 30 31 32 33 34 3529 30 31 32 33 34 3529 30 31 32 33 34 35

0 ’ T T 1 LN+ S A e s S e AL} LA B A

2 r " r

a | - 1992 - 1993

6 - C

g N L M Jan
210 F N L A:Feb
= C C C A: Mar
o 12 - n
B4 - I
Se b - u

18 - r

20 N -

2 F - N

24 = - -

Fig. 8. Vertical distributions of water temperaturce (upper) and salinity (lower) at station A during winter.
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A notice to the 1995 Kikaijima Tunamis

Shigehisa NAKAMURA”

Abstract: A briefed notice is given for the 1995 Kikaijima tsumanis which occured on 18th
Octover 1995. The estimated value of 6m is the difference of the highest and lowest sea lavels on
the coast of Kikaijima just facing the tsunami source. What is important is to be aware of the
hazardous events; when and where and how expected.
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Fig.1 Tsunamis on 18th October 1995.
Stations; Nase, Nakanoshima, Iriomote, and
Otomari for the notations of A, B, C, and D.
The time of the seismic main shock and the arri-

val time of the tsunamis shown referring to
JST.
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An example of observed thermal structure of sea surface
at an offshore fixed tower

Shigehisa NAKAMURA *

Abstract: Thermal structure of the sea surface is introduced refeffing to the observations at
the offshore fixed tower of Kyoto University. Several specific examples are introduced in
order to learn a case of the sea surface as a heat source for a sea surface layer. The special
reference is the case of the distant typhoon 9507.
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Fig.1 The tracks of the three typhoons in 1995.
Typhoon 9507, 9512 and 9514. The dot and
numerals show the location of the typhoon,
the date when the location is identified at
1200Z on the day, and the atmospheric pres-
sure at the center of the typhoon, on each
day.
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014
TR

85-8-25
Fig.2 An observed result at the offshore fixed
tower. The notation H with T for mean wave
with its period, Ws with Wd for wind speed
with wind direction, AT and DT for air and
dew-point temperatures, TS for the sea surface
temperature(exactly 2.5 m, under the sea sur-
face). T and T'for sea water temperature dif-
ferences between 2.5 and 5m between 5 and
10m under the sea surface.
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An note on the 1995 Chilean Tunamis

Shigehisa NAKAMURA *

Abstract: A breif note on the 1995 Chilean tsunamis is introduced in relation to the observed spo-
radic thermal variations at the offshore fixed tower of Kyoto University and the sea level varia-
tion as the tsunamis at the tide stations neighbor the tower.
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Fig.1 Coast lines around the offshore fixed

M7 BHELI, TOROEMICOWTIE, HED tower of Kyoto University (T). Shionomi-
1996108 10R IR L TWA, T 2T, & Ik saki (Kushimoto) and Uragami for K and U.
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Fig.2 Thermal variations at the offshore fixed tower T and the 1995 Chilean tsunamis re-
corded at the tide stations K and U.
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Study on internal tides and Kyucho in Suruga and Sagami Bays”

Masaji MATSUYAMA ™™
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Dr. Takashi Ichiye, a member of the Society, passed away on 19 March 1997. The Society presents
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sincere condolence to his death.

‘ A¥LSE W O HBEREZI9TE6 A1THH#HLshFE L, CIRFATEREOBEERERLFET,

BN
Dr. Hidetaka Futi, a member of the Society, passed away on 17 June 1997. The Society presents sin-

cere condolence to his death.




AR 1 O FFE ESTER IS S UF s P
FHEIFIE DO LY 1 Do~ a3maEn D

BRI DWW T., TR EBOAELTEDFE T, #FLE, 3WREFF—L =Y
(URLIZ hitp://www.dpri.kyoto-u.ac.jp/default.j.html ) ZEBINBZH . XIIH
MERAEHOEDLDERNE T,

1. AHHIRE GHRFEAFEEHASR)
(D —RIRPIFEOEHE

(2) WEHXRPRENOSINEDZE
(3) MREXROHE

2. A MK EABTARRUEAVHIREEORE - FIAHE X CACEL5E

3. HFH ik PEECLsHEEORLE., 1220 —RERFERTPIRERICID
VT, IERZZE L SBFEEEZRE LT 7230,

4. PFR WM —RERPER. Pkl 0F4 ¥R 1F2HFT
RV, k1 0F4 B0 S5 Fk]1 243 HF T
W% £ 23 FRI0OFEAADLSFRLI IF2HET

0. EEE%ERHBE qzijjzgﬁilZHSB(ﬁ)
6. Mabedk: T611 FHHAEVE

FUEB R F RS KWF T ke SR BT 22 B k4t
TEL : 0774—38—4010



=

B 3 # ]
7T Vv 7 BFHKA S
et 1 — = L R
HXedt AHEEZEE A B E
HER&H X f oWl WO R &
MREet » 4 v s Y
() ¥ &£ ¥ ] 5 Bt &
BXad M & Mm B 5
Fy—eexroz7) s A2
= ¥ MW # &% X 2 #
HXed B - HREEWRR
e RS gl EKRKS
A ARHEHEEEREAS R
R & 4 S i 2

Z {73 =M 2 #

Nt

ot HEARBEHKEYS -

et B B K # & & W

BERT7T 777 v 7HKRNaed

5
{1l
N
»
&
E
3

et B £ K & #®

MO B L ¥ Kk X & #

X
H
i
P
s
ok
b
b
=

B = B

HEHWHEXEDRI2 - 156

FEEMETEXHRAEERI7 -2 -3

FERMETHRXZEES -2-9

HEERSCRIXKIZS — 34 — 3

HEHHILRPE2 -7 -7

WS FERFIRBTRET3 — 1 - 6

HREEHTREXAMEL - 18 - 12 JLEEAR

HEHAHXAZHANT2 - 31 -8

BOAEARXIRERS — 14 - 10

RS XEILER1 -2 -8

HEETTREAENT 1 — 1, 3 — 401

HEHMREXE/IN8 - 14 -5

HE e XHEH 4 -3~ 18

HEFEHX L6 -7 —22

HEMHARXAEHI3 - 41 —8 KHEY = X }5F

B ERNOATES 46906 — 10

RIFRA R HT 283

FHENEREATHRK 2229 — 4

R REXKFA 2 -3 -6

BT HEXMHEZERIT2 — 2 — 4 ZEHEBEfME L TR

BREGTERIRXERPE ] — 8 — 14

T2 HNELIE SE R RN F AL 230

HEMXEXEREL -7~ 17



BFENERZEADICHETIERTHDEEL
HRAT 5 F =) DOERELL S —— @

®

555 BICITEE/

La mer la mere, I’'amour pour la mer!

SH'I' & H & 568 ¥k =V = %t
| 288 FERNFHZHEL-1 TEL 0479(22)755 FAX 0479(22)3638

| o ER - KEER - RELNUNNOF - EVEE-MHR—T -t |




<Chelsea iE, B CTDE+)

Chelsea Instruments (o3F<—5—<7,

Aquashuttle /Aquapack
Bigs - 7oT7 v b
REME 8—20/v b
P—<w—KFKHr—7NT) TG A LBIER
CTDOoH—TFoT/N\v7
ET#EE 1~55mS/cm(0.01mS/cm)
i B —2~32°C(0.005°C)
F E 0~200m
HWHE 0.0lug~100uxg/0
AE— 50,0007—% (1Z#)

CHELSEA B AR IRE
INSTRUMENTS o - . At
(I CimiTed = Ik St
mzay Blospherical T B 5UH & KX K 546 5-14-10
@y Instruments T TEL 03-5820-8170

\\“ylf
\\\\:://’// Inc. FAX 03-5820-8172




HildBE22 ARXBAE

(E2E -FE28)

Al

FRLIASE 4E A H H5A
K %
e 3 A H A&
£ B T
guk BEL
B OE
B £ 4 B 7T
B/ &
HN=RKA4
XKt & ! * & Nk
SEOXVE (FRETHHILOEDT L) ghEs e S
UTR¥=EBEH)
AT 4% 2% 5T 9%
IR % R f— K T

AZHABERMNE : T160 HEE #: A X EHh#F 3-9-25

BHHE 42 KN

H{L#®EF S

HERZKES : 00150-7-96503




pu

=
ol
48 m m X

2.

3. HFERR, b EIIEROMIIET B, L, RBIUKBHECRE

4. EREROABERNRIBESEHERLEOT NI ). FEERRIBEL LI,
%EG /ﬁl:jo g”‘ﬂiﬁkaj Tﬁ/ﬁi %Emhumijz

5.

s IOER

D BAIER, Rk

[5 &1 (BILEEEAHEEE ; BOGEE La mer) |

=R

®

FLmEESE S (1996-1997)

%‘%@%%i

737>b®5&%1 (EERzEw) %2, ZBLO0FHEICLVERT 2,

C ERZER, JREUEE, mH B ESLRE BUER U O, Bof—
: H.J. Ceccarnt (75 ¥ 2), E.D.GoLpBerG (7 # U #), T.R.Parsons (# %)

3, BINBEFESESEBLUThCET LB

FRBEES L OKEFASFORER, REER B FW EdnlLds, TN To%dE

i, A BEREHERI2EET S, BIAREETEI V., XFEEAKBTXTA4HE L, 400 FEE

AR (00 i, FRREFHRIS 7V s 2= (XY -7 o CE4HEE) TiEAT 3, £F
BB L UNHHEERRZ, FRENUEREEIHEET 3,

FEH (FR) i3k 200 5

LREEEDM, H500 FOMXBEEESHEA S, L, AFE

WEERSORMELT 5,

Coflic X 2EEEICRES,

FERUIR TR & LCHHAT,

6. FTIRICBOEZORIEEZT 3,
7. EEBIHLTETERIR-YE TOBREEN L T2, 2721, ZO0HBATH-TH

8.

CHERB LI, MCHE0BREEFEERELTS

Zﬁiﬁéé&%’%QEﬂElJ%%bi@“N“C%%E?ﬁ (10,000 B/B) &35,
D BRI 50 AL THERTE 2, B0HEBZ 3591
50 SEA TERIE N B, EUEU%%R%E T L ERICEE R SN 5,
9. EROZEDREITILOED,

TRTOEBLFEILO>VT,

1R®

A REXIR 2,
BOENIRBAXOEEE, JIKE LTLTHRLS, BB, BCGECIE,

ZEA D2 o OBBOTMIXERICOWVW TR

LERTOXRTLREERD

BITRo8Hm (BTEo—®5 I HE20),

MR GRiEE/id 1/2iE) KA onsdb0Ld 3,

T108 HEREEEXHER 4-5-7T HpUkEARE (LOER it
BINBEFSIRERES
1997 £ 8 A 25 BEIRI 2 35 &
1997 £ 8 A 28 BT i & % 35
E ¥ 1,600

b=

¥

i %&Tf

H oo

il O i x
H b B F % £
HEEA BILESENA
HEESEEXELE 3-9-25
B E F 5:150
B .03 (5421) 7641
& B & £ 00150-7-96503
# 23 — =
M = 0 H B ORI L
REESCRX TR 4-20-6

B OE F 5:113-0022
T F5:03 (5685) 0621

BMEFER

TR

1eBb B, EE EUD{L;]?T_EEEBE}’E“th_% B &

BiEskick b,



Tome 35 N° 3

SOMMAIRE

Notes originales
Co-tidal and co-range charts in the South China Sea delived form satellite altimatry data
----------------------------------------- Tetsuo Yanacl, Toshiyuki Takao and Akihiko MorMOTO
On the solution of Laplace’s Tidal Equation (The convergence of the solution by the
continued fraction method in the non—zonal case towards the east) I (in Japanese)
--------------------- Akira MaTsusHIMA, Masao Koga, Yutaka Fukuvama and Nobuyuki Goto
Recent occurence of phytoplankton in the hyper eutrophicated inlet, Tokyo Bay, central
Japan <1n Japanese) ............................................ Hldeakl DTOMURA and MakOtO YOSHIDA

Faits divers
A notice to the 1995 Kikaigajima ' Tunamis (in Japanese) --++ecesvreeeeeerees Shigehisa NAKAMURA
An example of observed thermal structure of sea surface at an offshore fixed tower
(I1L JADAIIESE) ++erevrerernnennueresiaeraaistettttutiiiitin ettt et Shigehisa NAKAMURA
A note on the 1995 Chilian Tunamis (in Japanese) «-+ --rerrreresrnerene Shigehisa NAKAMURA

Conférence commémorative
Study on internal tides and Kyucho in Suruga and Sagami Bays (in Japanese)

................................................................................................... Masaji MATUYAMA
PrOCRS-VEIDAILIL v evrerreeenrerntntmnnttnetnerttn e tntettn sttt teta sttt ta et ettt ta et teaenerstaeaneens
E3BE FIE
B R
25 \‘E nﬂﬂ
HBESENF -7 0B ol Y FEORREK & SE2EK
(BETT) weerreeeemneenee ettt o O SEEE . AR
Laplace @ tidal equation @Off (BEFE/F[E]IT zonal T WEA Ofi##: : continued fraction
12k BUNEEME) 1T D T I errerrrrrerrernrenieeninaniinns WE B T8k EL o BEEETT
HEBICB B EEOEY 75 v 7 b v QIR oveeerrermrersrrrennranean ERIEEE - E 3%
199555%%%%7&;:9 L R L P Ehﬁﬁﬁ\
A VOEERIEIC & 2 MG EEMEE QBERIE v it E R
]_9955—:'39‘- 1) E(EZ&:O | T T qjﬁiy\
BILEEZSETERNSER
BRI 5 & UM D PN ERIEIY L IR A BT BT EEE v eeeeree e BLEs

85

95

107

123

125
127

129
131

85

95
107

123
125
127

129



