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Fig.1 Location of the field survey : Inage beach facing Tokyo Bay.
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Fig.2 Location of observation stations and sensors.
(August 7" ~ September 7%, 1995)
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Fig.3 Location of observation stations and sensors (July 1# ~ August 14", 1996.
Left : Makuhari observatory tower for offshore data, right : Inage beach).

Table-1 Measuring instruments of field experiments.

instruments name of sampling
SEensors interval
thermometer 'MDS-T 10min.
salimeter 'MDS-CT 10min.
current meter 'ACM-8M 0.5s.
Chl.a-sensor TACL11-8M or 10min.
'ACL134-8M
D.O.-sensor 2MDO-1 20min.
wave-gage, SWAVEHUNTER 0.5s.
current meter
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Fig.5 Time variations of air temperature, water temperature at
Sta.3 & 5 and wind speed.
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Fig.11 Spatial distributions of sea surface temperature.

(NOAA-AVHRR, around noon of July 19'* and August 10", 1996)
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Fig.14 Vertical profiles of root-mean-square values of water
temperature fluctuation (7,5 ) at Sta.2 and the

observatory tower.
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Fig.15 Time variations of (a) horizontal advective heat flux AFc and (b) 24-hours averaged values of AFc (shown as <AF¢ >) for

unit water volume at Sta.2 and the observatory tower.
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Fig.16 Power spectra of the fluctuations of AFc at Sta.2 and

the observatory tower.

BELRBEE (72~777, 113~7/19, 7/26~8/2)
Tk, FigIQDEERT bV ESPZ LD ITH
BERETHIEHARSEEMNRCIICERL TV
IFXECTHD, Z0ORD, Figl3@IicRoshsd LS
I G PRI KREL, BREDSBIMEAINT
W=, ZOBER, KFEZCHNBTI2HFEECL-
CTAKBOKEREDBILEIh, BE CREBED»S
e, BEBTIREWSDSBEARD D BEFRDIELE
LT WiEalgeErE 2z on5bd. L L, REEIT
B2 7—DknEo, FOEME2Ihl L&
WMITAILiTTERY.

BB, BEMSEOHKZEETIE, Figld TREX
SI2, KBOHAZHEREIS £ KFETITIE—BRICR
AH, Ihd, MEFELHRIZ I >TCHAIRETE

Eﬁé’hf’ﬂ%?kiﬁﬁ#’\ﬁ?ﬁéhf"f*% ERELVE

@ > THIEL L, TEEEZKESEV KD 2K
BEBOIFRCEBILBEODRADO—DEEZLN
5. 20Tk, RELSTIEBAICLZRENDHER
BHRECRST, KEP—FELIhPTNI DK
A, LE>TLHTES.

DL, FUBREYTIE, BEHEL WS
TR BAIENERAZGOFEEICLY, REOWEHF
BRIRP, EBKOERREBELZ L EBHIT, #
FIEDP—BIELIRPTVEWVNIREDPEET S.

(2) BT
a) B%EiE(Sta2)IlcBIFBELEE

Fig.17(a)i= Sta2 IZ BT 2 ERE, vE, EBES
DOREZFETRT. Sta2 TREMIEATH LEMHEHR
DEMT B 7/13~7/18 HICHEIRED B LIRS
v, BRDKE UCACERRALSERT B 7/19~7/24 12
PITHLICRBIBEL TS, ZOMOHET
FBIoESBBIRRASKT, BREAEICKEER
BENRTWBRZ AP E. £k, 711 ® 725 T
RSB EEIICAR L, 8/5~8/6 TIRABLTL
3. 2055, EA0OEFBEIELOBEENDY S
2300, BE (Figod) BEROBHMICIFIENGL
THED, BECZhICE>WIIIRY AGEICBIT
BEEBINKRBT—IDH, 79, 721 CHEELRE—
VHRBPHETNEIEHBHELSPERSTVDS) IZ#
AL THWKFEADREI o 28R, BEHLPERULED
DeEZ NS, AKC, 2REKTERESDX
HIZ, AEREEROABEIZIFIE-BLTNWEZ
ehs, RAREI#HSEEEBOEAEZELTY
2pDeEZONDG. ThbLL, BHOERIX, ¥
KRADERIL L D EFE Lo Bl RB AR

135

>



3.5
314+
2.74

23
19

3.5 q

3.1+
274
234

1.9 3
Tuly,1996 (b)

; 01213
August,1996 [date]

July,1996

‘.a
0- 123 4 56789 101112131415161718192021222324252627282930311 2 3 4 ’5 6789 10%1 12]13

(b) Chilorophyl-a

August, 1996

Fig.18 Time series of (a) D.O. and (b) Chl.a at surface and bottom layer of Sta.2.

BERCES RASOWERE K> TERBHETE
BEh, EBovoy bR 2BELEZLE
RLTWS., #iC, Ba0RaE, tHEEOREH
LI RBOREEKBOBERIIHIGELTVWS D
DEHERINS.
b) 03 (BSRBREAE) TS L OB
Fig17(b)iZ FRFEEABICBI2EBLERD
BAOKRIIERLTVWS. ChERD L, WEO
EaIIEKB L A, FAEEEEL D SEER
BREEEDPERIATWRZ a5, WEOE
BETE, EBEARRBLHBE L TERAREBLY
ERBOEHRAD L dIThE L, BREEEE
BULTORDBEDPHIZEHLTWDY, KBTS
CREABOEASEHREEIRENW EBG05. &
OXRERERANEEE, BE - AIIRBOE—I K
HPEEAMRICRBESDE LLET TSI LI
BLTBI, 2> TESHBEIEZEL WA,
¥, COESRBIRATORE L LB L TED
THETH I, Zhix 4-(1)-e)ilBWTKEE
BICELTEBLELSI, HATOHRBERSDR
HERERICERTHENVWCELERTHIBDEE

zZoh3. 51z, BAKERIZHNA X D & EHI
BESICHEENTWAIZ RS, A)lZE UK
OEZEIHAL L DEETIRWI ISP D

(3) DO - ChlL.aBOZEEMSE

Sta2 £/E - KB CHES W -AEEER (DO) ,
Chla % Fig.18 29 . MERKLHICELVWHAAE
LSRRI VERAEEEZ LT3 LHERIZ, DO
B KT 25my/l (BIFEE 330%) , Chla &L 120pg/!
WETZELTED, 95 FHALEHE L TEOTK
xRfEEZTRLTWAS. DO, Chla BOKRYIF—%
X LT AT bV 21T 5 L (Figl9), KB
(Fig.10) » [EIBRIC 24 BFRA(TIHE O H B B A I BARE 2
E—2hHh, SSHITERERES (T, TEA
HRD ) SIER) WO RERIANF—DEEAT
WBZEEALE. ZOS3BHEHOY—Z LRV
OWTRTHBL, BEBLDORBOADEL,
RBIFCELLBRAEZHLTWBI LA D>S. U
oz e»s, DO - Chla BOEERMHEIZEALT
KB AR, ARAYULLOEREEH L HAE
LA TEEERTD.

136



0

—_
(=3

—
(=3
<]

T

ey
(=4

TE T

dilumal périod

(Sta.2, surf;

t
—~ i
Nﬁm‘ 1 ! | :'5\ |
106~ "o - Sl B ) J ittt
EE | 2F -
~ r 1 ) 1 = " 1 —_
[ T R BT P - T e e EE 5
gl I FOET 3
s F o | s P :
.::1()45‘“‘r*‘*"—1 T+ - ..?105§~——|-——— @) 0.1
a2 E I ! ! g " F ! a
= P ‘ R H
£103 = oo - - SR UL R 3
] £ |—surface 8 | 2 _________ I
é- F |-——bottom & : -
«;102%"‘:‘“7 “““ - 5 103 T I e Il Rk Bl
3 E 1 i .o | g F 1 | | o
g F , | semi-diumal a [ I I | I ]
BT e P TE ERRE e R R <0.01 Ll Ll b
10 107 106 105 10¢ 103 108 107 10% 1° 10t 10% ° 10 10 10 10 10
frequency (Hz) frequency (Hz) frequency (Hz)
Fig.19 Power spectra of D.O. (left) and Chl.a (right) fluctuations at Sta.2. Fig.20 Coherence(coh?) between D.O. and Chl.a,
2 P! g

cells/ml) 1 July, surface cells/ml 1 July, bottom
1042 : 10%¢
I D . Eaity  BERED
E 1 Skeletonema costatum 28 Prorocentrum minimum
r 2 Leptocylindrus danicus 29 Prorocentrum triestinum
b1 A N DRI 102k
10°k E 3 Leptocylindrus minimus 30 Oxyphysis oxytoxaides
E 4 Guinardia flaccida 31 Noctiluea scintillans
10EF-4---51-F---f------- 101k 5 Thalassiosira rotula 32 Gymnodinium spp..
E E 6 Thalassiosira spp. 33 Scrippsiella trochoidea
3 £ 7 Cyclotelta spp. 34 Protoperidinium bipes
[ R | I - - - 10° 8 Coscinodiscus spp. 35 Protoperidinium conicum
10 E II I 0 £ 9 AL‘mwplthus senarius. 36 Protoperidinivm mppamcum
F I 10 ia hebetata f. h inium oblongum
-1L -1l p . " .
10 357 9 11131517192123252729313335373941 10 13579 11131517192123252729313335373941 :;mm]ema:;h:mh Zg mmndmmmp"’ﬂ::;;m
2 4 6 8 1012141618202224262830323436384042 24 6 8 1012141618202224262830323436384042 | 13 Cavtacoros aine 20 Protoperidinicm s
14 Chaetoceros cumsclum 41 Ceratium furca
104 (eelis/mD) 14 Aug,, surface 104 {eells/mD) 14 Aug,, bottom 14 et 41 Coratium furea

3
9313335373941
2 4 6 8 1012141618202224262830323436384042

13579 111315171921232527

-1: - |
13579 11131517192123252729313335373941
2 4 6 8 1012141618202224262830323436384042

16 Chaetoceros debile
17 Cerataulina dentata
18 Cerstaulina pelagica

19 Ditylum brightwelli
20 Eucampia z00diacus
21 Neodelphineis pelagica
22 Licmophora abbreviata
23 Navicula spp.

24 Diploneis fusca

25 Pleurosigma spp.

26 Nitzschia pungens

27 Nitzschia spp.

Fig.21 Numbers of phytoplanktonic cells in unit volume of sea water measured at Sta.2 on July 1% and August 14%, 1996.

a) RERZEHE
¥ 73, DO DKERY (Fig.18(a)) » 5, 7/10, 7/21,

8/7~8/12 B DA TEB, EBHEIC 0%E< ET
ETFTUL, Az 7/3, 715, 7/25 CBAREEZRS &

SBRERMOEBNS U DBEETDEIEDVGDPD

DO % 0%fHE % TIERT 3 2 HIAIX, dLRSHEDOMH

&bﬂﬁﬁ%?é%%’ﬁﬂbfﬁb,%ﬁbt
@ BEVECLTCVWIHETHSL. TRDD,

BRICHEWHRIEROABF KBS RFTIEI
i3

Fas

A}
@5?%tw,ﬁwﬁéﬁnéﬁ<@@&ﬁmﬁ
BERBIL>TWBI DO E. 2B, TEER
BEREBICLINE, 710, 88 BB OHE T TE
BREICEFASRE L L BEZhTWS,. DD,
FEHBEOEWIZAE S hEEBOABEKBROERIC

&b, BELDOKEIPBNBEHRREICEBITLTWE
Zehahs. £, BOERRSRET HHMT
X DO EPE LS LRL, BKT 330%BEICET
ELTWS,

ZDESIZ, BHERICIG L TWBERED DO
EEIIKBEOERAHESHICHIGER L TH B M,
BT, BE - BICX D kBIBEL KELEMLT S
BARRERICE, REMEES Y —2 D0 DO LKkE
ECEFEREZ>TVWA.HIZIE, KBIXERED 7/11
PSEBICERELTWEHDD(Fig9®b)), DO L&
nT 1712 e ERELTWS. £, DO & 7/16 b
SECHADERIICEL 3H, 0K, KENRKE
VAOVEEAICIRELTRBL T, ©0BNRT 720
DS KIBETHETLTWS. 2D X3 RAKEBE DO

137



i

12 3
July,1996

3021
(b) Chlorophyl-a

22

¥ - G 4 _elin,
5942576278 2930511 2 3 456

August, 1996 fdate]

Fig.22 Time variations of (a) D.O. and (b) Chl.a at Sta.2 and the observatory tower.

OEAHEHFIEOHEEX, 726 BIROEHTHE
{AOMHAETRLTWVS.

—7%, Chla 828 (Fig.18(b))i&, DO X FEHEIZ 95
FEHAC R L CEAMeREB U TENDPRD
B, ETIIBRKT 0ug/I BETH=HDH 96
FETIEBKR 120pg/! WETELTSH. Chla BH
S0ug/l & LESTWARERFEENIC THRE) LE
%3529, 710, 721 OBEHERICHEROK
BHAZELWREBREIZBITLTNWRI DI 5.
. ¥ /=, Figd8 5 Chl.a BEOERBEE N F—>
i DO DRBAPEH/ Y —> PRI —BLTHS
L ERIC, DO LREBICKEBORPE# /S~ &
DOMBEBAHLND., ZZT, Sa2 XEBTD DO E
)% Chl.a ZEIO coherence(con?) Z R % & (Fig.20) ,
BEEBEET10ICEVEWVEEZRLTWS. &,
A 24 BB CRICBVWHEBEERLTED,
HE#D»HREEBICHIIT DO L Chla BLIZHE
WHEBBHBI LSS, —F, DO ORRFA
(Fig.18@a) * R EH B HRAUBOEFRERE T — ¥
(Fig.9() & CHER N GREAGER L RNWI & »
5, B - BRERICILZIBERBEBELIIIFLALY
RWHDEEZLNG. UEDZ ds, ZOHESE
TR\BATODOIZ ChlaBIZAE S EKEEIABD,
W7o b OBERBROERICE > TEY TS
VUM OREBEBLUVBEEHBEICLDED DO B
BHLTWEHDEEZISNE. £FIZT, 20 DO
LKEBEOERBE# Y - OMBIZBET ARRAIC
DWT, Chla BOEEBRHELZBE UL TERT S.

—iz, BT LU N OMEIEN, KE, B
SPRBEBESOBBERICL>THRESNS D,
BRI EHNTH B EEZ SN, AR, Sta2
2313 5155 (Figd7(a)) & Chla B ZE#(Fig.18(b))
IZIZBRgE R GERM R h 2L, Thbb, K
&, Chlha BBXU DO ORFEREE /S — DM

B, BOKBLRBEBEBECLVEH TSP b
COMMEDHRINEHER, UTokSicgkEzh
TWBHDLHEREINSD.

JEEE (B EE) OFEWIC X DIRRERMEL,
Z D%, EEE (BRRaEE) ~BErbRE L ZRE,
HEEETOEK Chla & - BBRRATHHD, BRE
RARBGRERICE>UITHRMERZRLE LM
BEBICFAICEELTWS. BWT, ZOBEE
ORBEOEEIZL VIERREMEEIBEBI L,
FRERBICRAETHED TS 7 b U RERE (7
NW—32v7) 5. Lrl, BAKGERIIKED
KBRIEEEIEVNHOD, KEHMENWT & HHIER
FeoTIN—IIDBEBND. £/-, EREOE
TLebiEBEIHBINSE AT, 4-(1)-d)T
BAREEEBOEWICESMEFEHRRLICLS
THEERKBERLEZS., 20Ok, W7
A UBBICLARBEOHBIC L - UHRBIEEE
WETTHIEHHERRFE 22D, FEEAEL
EHETL, BOKEFPELEOFEBEEZ FEH2
BlcEY 7507 b READICELS.

Dok 3iuBiick b, Kkif& Chla BRI
DO ORERBEH /¥ — L ORICHELREENEL
bDeEILND.

b) BREZE&EH

Wiz, 95 EHRATCIIBETERD >~ Chla BOD
ARZEORRIZOWTEET A28, BAlFIHO
71 BLUBEO 814 (HH & S ICHH 10 BF) 2B
T2EMTZ LT OBEBOMREE 2R
7z (Fig21). ZZTiX, RBFEBKENY F—r K
KT 51K LEE, BIBICBWTHRVAZVT
bt FCEEL, EPLI/TIE L.

71 T EEWEY - EBEHED Skeletonema coastatum
PEANBLESETHY, DOTHEEEEDOD
Prorocentrum triestinum % W\WH DD, ZORITHEM

138



&R 7= D T Skeletonema coastatum @ 1/40 LLF T H
3. F£7=, 8/14 TIIERD Neodelphineis pelagica 1
W—DERIMSEAETH L. BEEEDTE 11
[F# Prorocentrum triestinum HEHZ VD, ZOR
& 489cellsiml Iz & ->TH D, HEEDKH 1/80
ELrEELRN. 3-B)THREXD I, BEE
BENEL T 2EHTIE Chla BOBRALEREYD
SV M COHEBRBICLVSAINDEI LD S
», ERBEITEXKADPRVWED, Figls®b)IiZRoh
% Chla BOHRBAZEHIIMRERE CIIEHATERL,
—7, S. coastatum D X 5 TR /NEIWM CUITABEETE 1
H%kb 3EBOEETARL D, LrbAEHEHR
2l 24~25 [mgO,/mgChl.a/ hour] & V5 F LW &
RiEEN R T . REENEE TR EEEDE/IC
HHLTWAIhs, KBEOEEREBIIGLT
HEEY 7> 7 b OfKED BB C#hE - 5
WesHZ &2k, Chha BB LU DO OBALH
BEULTWIRHDEHRIND.
c) PE (BRIERERIE) -4 L DL
Fig22 IZHERRBAEOERE - BB, BL U
BOEDIIBREBEROBE S Sta2 RBICBIT 3
DO - Chla BOWRFIZRT . REHTOHEME
HE LT, HEKEBIZEITS DO + Chla Blk&
HIKBPESCERICEBELEBCOENKREL,
—ACHEORAMEHRBIIEMI DB/ NhIL R
STWBI a3, 22T, 128 H»S 8812
PIFT, BRETO DO BELMASIWERRLT
WaH, Thidtr by —0EYNEFRRTH S
HDLEITND. ZOE®D, AT+ AEERK
L= 8/8 DFHLIEIIMEMEE LT WA, /=, Chla
BIIEREBE TCIERARTH 120pg/] KELTWEOD
IZxt U, BEIETIE 80~9%0ugyl BEICULIELTH
., —H, BERBRICAVEEBEELE 710,
8/10 BIZIFBBHORBLREIZ L 3 ICITITHRER
RETHZDIIHL, BAKETIE Chla EDIZIT 0
2723 711 23BN TS DO K 4mg/! (BIFIE 40%)
BETHY, BBEKROEETHMURBMILICE
TRTMCELTOWRWI EHSr 5. HL, BR
HoWwlEECIEERZLIEPRIETLTED,
EFERLERIZIE DO PiZiFY¥oRoTWna., LY
Lizds, BEERERCELENICABRRLIE
TLTBY, L EHOREIABRLRECHA
TW3, Bz, BEBOT7 L - U /HBCBITS
Rl D2EKR 72 Chla BOEEH L ~)ViddRigL b
HENWT DS, FHBORBOZED -, BA
BREEHOAPRIBNEZ EHE05.

—%, DO & Chla B0 HEZEHIRRED 2AHER
BEHOAPKEN. FigdoZR3L, GEDOHAE

EEIRED KRS W (7/1~7/6, 713~7/19, 7/24
~8/5) BEMEATHLIEEERFETB LTS,
DT s, HEOMERIZL D REIC Chla 5
mL, HEAREWEWS T2 53 2MEIEE
KD, EHESEICERTIMEFEHMRICLLT
RHEEIIBRIND =0, RAGEREHIIHHELD
HRIFIEEE, WIEEEICIRIPTVIDLEEZ
s5h3. FRkZ, DO £8jld Chla BEENIRIGL
TWa728, FAIZEHAZHREPRESR>T
AT

Fh, 4~-)-e)TEELELDIC, BERRKICH
EEHHBICESIBERPELCVEET S L,
RSB O RBIEEE QRO IKILD B A8 R
HBEINBIANZZILDEETHILIIRD D,
WHIEE LD HEEOSD Chla BHESWERERRA LR
DTWNW3REEZBILHTES.

5. $fE>Ial -3y

(1) BEREOHME
RitEERE SR L 2 BEY 32 —vave
EBLUT, BRICEBAMBSRE, BISHED KERR
75wl ADEMBREHEOKREIREIIEE R
BEILE. 2EL, SCTRBED-DEERTS
NEZEARTT, ARRECEHITIEHOAICEBL
FEEREFTS>ZEE L. 351, Chla BN
PKEREZ D LITL DAEDHAKEEZRE L
HE—RAHEEHETITY, REOERMERE
BOYETHKREMMEZERT S L 2ilAl.
HEoREMAERIL, FAKERMD Navier-Stokes
B, ERX, AOBRLHSEATHS. HE
BERSIEE S L ORELBRE O EIZIE Mellor and
Yamada® @ closure £V« LRV 25 %, KEB
BRI R - KL ERBOBEHIZIE Smagorinsky
EFNIATOEDERND 3 RTINFLRIVE
F) (POM™) B L.
ERAECIZERMEE, AKBE, BE, HE,
HHBESZAVWTHANZZEEL, BEL LTKE

EEREGE LTEARSZ - (EFAS D8]|). £,
RB)TCEINZBAOBRILEABAFICETHLE
2EOEDICRAINZKPADEBHHICLZY
—XIEREA L. BAAHBEIXOO)DLSICE
Xh, APCBEAZKPTOEFOMEERE v i,
Th%E Chla BEDBETET Lee e al"DEF )V
EBEICLT, UToR(10)DLHIcE L.

139



Table-2 Conditions of the numerical experiments.

depth station offshore B.C. | Chl.a(ug/!
run-1 33m Sta.2 = measured
run-2 | 3.3m Sta.2 —_ constant(30)
run-3 3.3m (ocean) — constant(2)
run-4 | 10.0m | (offshore) — measured
run-5 | 0.5-6m Sta.1-4 measured measured

free surface elevation
fixed

computational domain

computational domain
(fixed)

Fig.23 Illustration of the way to incorporate the effect of tidal
fluctuation into the simulation ; (a) by imposing the
water surface fluctuation for the fixed sensors, (b) by
horizontally translating the sensor system in the fixed

water volume.
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Fig.24 Time variations of the computed(run-1, 1-D) and observed temperatures at surface and bottom layer of Sta.2.
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WATER ENVIRONMENTS IN A STRATIFIED SHALLOW SEA
ON A SANDY BEACH IN TOKYO BAY

Yusuke UCHIYAMA, Kazuo NADAOKA, Tomoyuki SEZAKI and Hiroshi YAGI

Field observations and numerical experiments were performed to reveal the water environments in a
stratified shallow sea on a sandy beach in Tokyo Bay. The results show that the formation of thermal
stratification considerably depends on the wind action and solar radiation. The offshore cold water mass
in the lower layer intrudes into the nearshore bottom layer in the spring tide period under the gentle
wind action. Continuous seaward wind action frequently induces strong upwelling of the anoxic water
mass, which is often referred to as “Aoshio (the blue tide)”, followed by blooming of phytoplankton
with high concentration of nutrients. Hence it results in much serious red tide than offshore condition.
The water temperature, DO saturation and chlorophyll-a diurnally fluctuate with quite large amplitudes,
being affected by solar radiation. Horizontal advective heat fluxes, which are induced by upwelling
and drift current due to wind action, were found to give dominant contribution both to diurnal and
long-period fluctuations of water temperature, as compared with those for offshore regions.
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