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Life as a physical oceanographer for 40 years
— never failing joy of thinking —
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Abstract

My life as a physical oceanographer is outlined at the time of retirement from Kyushu University,
in the hope that a trivial experience of mine may give a bit of encouragement or stimulation to young
students and researchers as future scientists. For these 40 years, I have been engaged in the research into
a wide variety of subjects in physical oceanography: mixing of stratified fluids, double diffusive convection,
nonlinear stochastic wind-waves, air-sea interaction, Rossby waves/modes and their completeness theorem,
Kuroshio meander, mesoscale eddies of the ocean, thermohaline deep ocean circulation, climate variability,
spontaneous generation of organized structure in geophysical fluids, and so on. I have been interested in
and fascinated by each subject. I have enjoyed fully the study of the sea, though such scattered concern
of mine has prevented me from accumulated achievements in a particular research field. Such a variety of
research areas, however, has often provided me with surprise at and joy in the fact that similar mechanism
or mathematics plays a key role in seemingly quite different fields of physical oceanography. Surveying my
life as a physical oceanographer, I feel that my concern has been on the mechanism or mathematics of the
sea, rather than the reality of the sea itself. To conclude, I have been happy to be a physical oceanographer.

I have had and will have never failing joy of thinking not only about the ocean dynamics.
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Fig. 1 Setup of an experiment on the intrusion
of mixed homogeneous water in stratified
fluids (master thesis).
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Fig. 3 Illustration of how instability grows in
double diffusive convection: (top) convec-
tion of salt finger type and (bottom) con-
vection of diffusive type.
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TL&S. BAEMEDL I AN LET. 1EIF 40
FEFITY. BEIABENTTR. BADHICHNT
Vo TWBDDNEEA (1K), TOFME/FEA
CHEEENTE, ®N), HY Y Y TEY v > TIN5 D
WEHE A (CYRTF, W), TORICI>TVS
JEE ST BN, CUFZERLTES> TWHO0T
NE A (A, FOERICE> TWBDHNN EEA
(%e%#) T, ZOBORBIARENI AN ERIETLE
I, HEMERO LA, KRS ZEGNR DN
TRV LNERA. ASATY (AL FEEX TS
A7 mEmER L UTHE). BETAY—FTL
feda. w3 Ey, BEDNLORTWEEATY (4
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(FUNKZISH AT, i 26-39)
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5 bR E BVAH TS, HRHAEND T8
FOONB L £, NINKZICHIFHEFRONS
REDEZATT XK. E5TIM] EELNELL.
G OBRII BT TR IR Y VR
Y LTHELEIEAHD % Uiz (HRARY ML
DA —N— a— P ERDT LT L BLET).
IS IZREFAME % T B BN L b 5k
WEFE (STEEL D EEAD), KEELZD
DRIRBHRBOXELIZL, WNELBATITEERY
CHESARTLE) ECBELELE. 23 LT
IR ETHPREZ L. ABEDREERE
FIDBIF & LTHBLE Lz, fIRFORCET=

KFBEDE  BRE 7T

Fig. 4 A photo in the days of graduate course
of physical oceanography with friends and
colleagues. Probably at Sakurajima on a
day in the fall meeting of the Japan Soci-
ety of Oceanography.
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ES5LEIDEDATOEBELTVE L. BHlL
B NIz B EERERDIADIIBERTIL
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HABRNTWE I BICHZDOME BELET LIKR
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1) WHICHT BIEE IR
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AL EA (YT AL TBONE L. EEICiE
EZIC VR CERELSENELNERE 3 E
1B EVDADBEVE VS EEHEEDBLD
R (B LT 4n, $REBK TR MEEKEE & BES R
BTEBVELR) ICHEE Lz, NPEBSFIZED
—BICH o EBHIOED T £ T

O: BEDEAF L EBEREANTEZ TR
LTA, IR THIBES S L RN D
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Fig. 5 Dispersion relation of wind-waves in the
decay area: (top) phase velocity ¢ nor-
malized by that due to the linear the-
ory cg (observation and theory), (mid-
dle) frequency-dependence of the correla-
tion between two locations at a small dis-
tance (observation and theory), and (bot-
tom) observed wave spectrum and its de-
composition into free-wave spectrum and
bound-wave spectrum.

XU, ZOHBETHEITT % L REBHERZ D £<3H
BHLEYT. CORBTLETX DFRICHRE XS
TOELE

X: TOREAE TR D T EN -
TEOIKBVET. FEHXIEVIKRBVEHETL
fe. UL, TOEMNSHKRBFERELARZBIAKDL
BEHALTLLASEL3IKE2TLD TY.

2) JEI D5 EEE R
THURZENGERSUC DI o TS T 9. LRRRIED
HEOBTRELBBEIC x> TV ERERICER
LEY. EROEAGIIRE CHNAENTAT
NINRFIERLTVWBEWVSEDTY. LT A,
BRI L 7R E D RIE R ORI — B LR
EWVIRYXVHE L., mEARKKERZEDLLT S
U TBW: —ADFEE Catill LE—BEE DD
MMHED GAHEEZE RO IERTT. 5, E—
7 EFREIC BT DEIENHEE TR E D RER DR
MEBLTWVWEEWVS DT UK. fEkoRBIIE

BOTLEID. TOMET, —TKRUEER, &R
RO EE, 2ENTVWEOMNEAETT. &
BRERDIFNTIIEED D DFEZER P& AHEY
LTVWELE. REOVBASDOI TS LSRR
MHADHEADPEER TEN—RETERNEWNS T
Tl ZTOERLBEEOEREIZBRORBICHK
SGERENSAEN I D VE L.

LIAKEIERZRATTELVWLIES(EZE
Uiz, JHRRAI TH B A b —7 AR RAIC
BEELELDOEBRS LS EYNDEELE. &
ELZOfBEIRT AHAPERE L TVWE L
MR AEZERN G ZURD LEN L & —DDHER
FicEdELR. 25758, BilT 57250
AT EIRIETAZDHETEET.

Fig. 5 ZCELZEWV. B3I, (1) E—7EK
¥R O BHEDIES HIRE DR WT, WiKimIcE
SIxWVOHEBERMSENTHRONS T & (WREAHE
I & DA ZWIREIEUE TR ORI 72 5 B IR
HoffEESEN T NS L), (2) BEELEE
Tz BIERE D BRI 5 W F OIHRTE
BREBHI LI AR MV SEREIETE 3T %
T LIEbIFTY.

O: HFREDEER, HEADMNE S £ EHET
BT ENTEE L. HR%RD DG L BTEES,
EHER BB WVWSTETHELELRE. X
RIS BB OEZR L VI DTELIZY. 20
FAADHEERE S C L6 H AN, (—RI(ELTZ) R
IR b — 0 R DOHEE & 2 NUSEIE D B
BICRBEWVWS T ETT.

O: TOHRZEBEZH TR ENEBEI N
Th, HlZokZ 5 TY. E5 - gy - HimhH
KK DBE>TWVBRELEEDLNEZESTY. TD
TOLICH>EL BN TER ERVERNMEZDT
L&, SENMEEREZRDFLIRAMENELS
WT e ZEBELE L. FAIEBEHZmEEs»
FITULULEFLSHOELA. B - BREICIEDLLEK
HEWI EZATEVOEMMNTE hZ BN
FIH. TOFD XS EF— LHENEMTY. E
Bz DR BI TIRE SRS TITH, —Hickh
T LH> TERISHET L.

X: HER & HFBRICO TR e EESRBLE L.
ULinLEZNEBN E, BEFRENMORYETH (&L
ERNES) OBRRNEE L. B0, HB%E
TR THETE TV A TREWVD, @MAHLVLO
MEWVIEDTT,

OB THOMNTMEET LD, THUZEHE
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BOBDADEFRETZOERBVELE. Z0%K
TRYDELWVWEBFENSIDEDL, Z0MmER
ffoT 1=0%RAHTEZET. TOTeEHHREL
THXICDFEL X HID VI BEEREERICES
TR->EZFHEINE L.

Iz b DBREIERTZIANS TS LD
TY. iKbb o TERSKIBIOEN 2 FICESE
WENGENTLE. TOLEOEFBEOERES -
REHOZLIICEEE L. A0S SMEOE
ZREENZZEOMBBEL V> TERN> TS
CRESEVWATTR. k. RIEEHTWIERT
HYMDLT, BIUCHRECREINTOVEEDTY
ZH5D0BFICHEDTZARZESEoDOTLLS
. MEAEEL V- TE, ZTORBEESVHIIEZE
M eind ERVICEEHHTY (HDZTD).

X: TOMHERRIHARBHEEZETLRERLEL
fz. B, FaEREBRHDEEA. ADORIIBLET
Mool exZE5Hb0HoLeW0E L. T
T, %IEEARBREDHILKE TR NS Tl
TN, BPEREMELEREINZZSTY
FLOBHATE A >T=ORIMDELTFEENS T
ETL&S%. iz, BRI T S5IRLTWEY.
CIieWZ & D H B DIE%E { DIHENFEE LRV TR
¥ - El (BE) IGEVHS AN L L.

3) B DI niE (U IES)

MR D8R EBREDH STl I,
—RETRICES RV EHR TR TWELE. &7
BRI ZEDIGH - MEEICIR 531 AR B IVIRSE
ZFTREBIKT BV RFEREEBONTRHD EEA.
LA LT TRTDXIHHERYL (REX?) EEE
LRV THEREZ X L.

FAUREPHEEVWAEERFEICEDET. £
NAVEIE T R DIERIE T XV F—(EDRET
TR (BN TREBEREAECEEA. UK
R HAMRETY. T OWMEHIR TR E TRV
F—ORZMECET (Fig. 6). PURHEBOHEREHE
HE LT T DIFEHEIZEDZE A Phillips, Longuet-
Higgins, Hasselmann TUL7z. & Z AWK, IR
P DI L 3 )V F— G I B UVIEEL U 7R
MNHOFE LK. HRBOBLEOMIC, XBRED
ERRETOFELREZBE L X 5HTHIDEL
7z. Phillips #® Dynamics of the Upper Ocean IC
LEENTHDXT.

T, BEAXRY MU SR 2V F—1{niE
ZHET B HiEZEA{L LTzDIE Hasslemann T

KK DPIR G 8 DFKIE

Fig. 6 Figure of 8, which illustrates the resonance
condition of four wave numbers of gravity
waves in deep water. Resonance occurs
between the two pairs of wavenumbers
(k1,k2) and (kg, k4) such that k1 -+ ks =
ka+ks and w(k:)+w(ks) = wlks)tw(ks),
where w(k) is the frequency for k based on
the linear theory.

. O THEZHEEEHRROHBEZEHXT.
Hasselmann (& Sell & —#EICBIEFIEZ L THEL
fo. BRYIOBRBPENSHATEHINETH, Bihit
HETHBRDTHIEWVWEDTY. HHiE, AT MY
TEDJLVY Pierson-Moskowitz A7 b & A7 |+
JVIEDEN JONSWAP ARYT MVICH S 2 FERRIE
CEMBGTEERZREL T X{HMBNTVE
L7z

HEIN—DoUIHPEERRE, EEEE LR
PHRCES>TBOEOLNTHD XA, THIHED
HEI 2B EHEEZRDESEDTLE. B
IR DB DIEICED X LTz, JONSWAP X
N7 MVDEEE, Y7 BEECEHEOES TRV
F—z @ EE L EREICET L WS ERTOAICE D
DS TT. L L Pierson-Moskowitz A%
MUVTRE—7BEBEEN AN F—2E 55
K-> TWADTY. LAL, EREIRVF—InE
EVI DI EMTIANF—ZETEDLDT
L&d. ThIERLA D EVSRENHTEE YT
Longuet-Higgins &, Sell and Hasselmann DFERIC
MHARELEHTERWEEZZOTLES. HE
OFEARERELE Uz, 1L Hasselmann OE
X OELZ O THEMZBEEICES TN e S
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Fig. 7 JONSWAP frequency spectrum of wind-
waves and its energy transfer functions ob-
tained with several different methods.

LDTY. Fox &DHFERLIC KL, ¥— T REBEK
HEDHR> TRV F—RES LS T LICEDET
Phillips (& HE CYHEREBICA 5 Longuet-Higgins
and Fox DFERMNIEL < Sell and Hasselmann (& H
WZA S EIMNTWET. ¥R Tid Longuet-Higgins
and Fox iMEED XS TLRED, #HEBHES—D
TY. £RLPLTWVEL.

C OIREL LRI IRE 21T 5 T & 2 HIZICHE
Fice oo EL. YENEROERILEN
& UTEBHERIEOEBEENSEIHRETY. Sell and
Hasselmann DIFTELELTNT, WHhIZBEL
W, FAIKRICE S DIRRETL L b, IR
Bl RO LRIV F—REE VST LT
NEETOHBEDEEICT IV ABEBNBENET.
NEEBICCEEICELCEIELE LTS
HEzEU XY, BEAALHETIHRESBEENKE
7ZVET. TNDBHANZEMEGIEZ R LEICL,
ZORR, HRPEERNEIET L0
B5DEAS L RENDEET.

25, CTTHEORBE TORREFB TN EE
9. RERAEEREREERE U TANEEZ R T, %
ROVEBZERITEENETENE WS EDTY.
i, FEERHROFELE LTEI A0 X 5 ICEETIE
HoEEA. LA URBRESH L ZOREEIZFN
REMAEETT. 25 LTHIBRLEDRER %5
RER SN EMBTNCHUE Lz 2ic kD, Boh Ak
BHELNBZ L5 E LK (Fig. 7).

FETAE IR ? UETRE T IR mE
By, EXEILEDLRVETE, BERIEZWVE
WHHETY (ZOEHLBICHLMCTEELR).
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Fig. 8 Comparison of calculated energy transfer
function with the observed temporal vari-
ation of the wind-wave spectrum in the
decay area.

HERROEFIETE, HIbRIZBOALRE I ZIR
WHE, Sell and Hasselmann OFIREZLFTHED L
7D E L7. Tl Longuet-Higgins and Fox (X[E#E
WEoTzDTL & 9M. #T T Longuet-Higgins and
Fox DiEflZERH LTz ETRADYBIEE T\
HWHLUTHELRZ. #9595 & Longuet-Higgins and
Fox &IFIEE CHERMHTE £ L. Longuet-Higgin
and Fox OFEIZZDELUANTIKZEWV TR, L
WL, ZDiELUIERED Pierson-Moskowitz A2
MU IR LU TREESHEREHLTLES &0
TETY. TNEHREHBLOKLS RHERRIEXETL:
MEREHE TR TLETLL S,

& TATHEEETIE, AOSENDASINEL, B
BEWZ S TIHhDL, AT MIVOREZEIZLT
FERAREDORICE B LEZONKT. ZDHAD
IKEEEBGERZ G TTDBICHKGEENREL T
HYEL. ZOHREADOIERBILZERZ, H
BEL LTEENICEHEMNEW—8ZRLUE LT
(Fig. 8). T3 LTRDFEHRIILEDONE
LTz,

O: YHEFDO W IEWIZ S T Phillips, Hasselmann,
Longuet-Higgins IZZBED—HT A =ARELE->T&
WTL&D. ZOBTILERNOIREL TV
MBEICIREZ U RRLE L. ChidkELREE
KD U, EREETRICZIEIEEZEERD
FEPLRETINZOEHTE 2 MEHEEE—D
M LTz WS HAiBAR WO llEE H B TL & 5.
oo leZ NG DI ETINERZR D DERRILH
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Fig. 9 Nonlinear energy transfer function heav-
ily depends on 7y, which is the index of
the narrowness of the JONSWAP-type fre-
quency spectra.
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NEEIEDIRAR Y MIVELE Bha—B LEHEN
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PMEHRDBHVEFT. COLEO-BUIERIE- T2
DIEASEETEEZITVET. —fFlLhkahoiz
EWZ, TNRETT TERILFHENES, o TE
BHEREGFELINTEY] 2V ERITELETY.
IRIZEEICT ARENH D L VI EFITY. &
BrED, HOwFREL, H—HIOSRBRT, HEB
KURBNIERE R ELS KT EZBICEDT
EWSEho7DTY.

X: WIRTHOBER LORD, TOWEEEDT
IV, FIEBLERICHESTTIIWVWEWVWZED
HOELUHERRTOIOEEE L. A, H5OH
DO TIEMBDITHERNE IO T Z DR E N
LFEEFIZE L. BRIIMREADNNDST, &5
—~EIOFBECRSCLICEDELELINE.

ETAT. AOFERELWVETIEARY MUIE
DLV Pierson-Moskowitz A X7 MV TIZE— 7 &
BEOGEEOR D EN TNV F—2E 5VET. Fig. 9
BIOAETHELEZLDOTY, BHETEET. £
FicH 3 v =1 DEED Pierson-Moskowitz A7
MVICE S 5 IERIARZBE TS, BNCZE S5 7%%-
TVWETRA. FoTWAFMPEICEDZDTT. &
EEOERTHFREZMUEOLS TR, E—TEM
BOEBEOB A EN IR EETI AN F 2L 5D
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Fig. 10 Redistribution of energy in wind-waves for
(a) Pierson-Moskowitz spectrum and (b)
JONSWAP spectrum.
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BN, F5052LD—FITLEID. BHEERL
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WEWS EETLL .

Z D7z BRZ DR LT i H i BEE
RBEUE Lz, ART MUVIEDE (E) WEERICE
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MR U, S OBERERI IR RERE R O5
LRV EVnS BEFEDERMKRE L7z, WAM #
BT, —HOMKBHRBEERZIZROHL, £h
DATHEMEFRLET. ThHRHEICH> TOEFE
MR- TLE S, EMEEEZHT L VIR
WREFDOVEHATU . ERICKT S LSRR
MEFTEAHETERHTLE S, ZOHAZHME
UMERHS % TR BRITY. B&EELIE, Tok
TS L 28RO RN R <AL
TR o125 LEVWET

Yz BBFE T 57 DI TEBZANA &L EVF,
ELTREEMNSDE L. 22 THERCEDIA
FRBHTTo L COMRERRLE LI (Fig. 10).
LWLESDTYT. ZOFRNIERN L UOEH
ZHHTZ BAREISTEREVEZVWTLL S &.
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WiRE—RIELIZEA N—V RABEDEE LT HES
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el EDTOERRRFIE, KLEEDOTIEHD £EA.
UL LAREERC LICsIRIEZ V. £, 2higE
DAL EBDIRVDIC HICED LWV T EHVIN
RENLDE) BRLBETTALZOZHEHEINEL
. BT —2R 50D @mEHTLIZLVEN
SHEENDHZDTL LI

OX: MEEE (O - EERORE) VRZEEHF
MEELEINTVWBEZEZEBRETALDICEDEL
fo. TOAMSTTR. B LAMIC L ARIZEH
BEODRBE VI IEDEHEVERHLELE>7zD
X (H7ORBISLUTERLELA). RUELD
FLlhbh, EATERVWERERTE, bbF
5TEH, BMoTHEII, LVLHIEMNGELE LK
iz DR ERUIEBMENEDONZERTIH, &0
DUIEE-S> - TR AEICEA KT Z0NEETT.
FCX, HARVBRLEWVWIDEHDETR. B
A ORICHOET. KB, BETHRTXSX
HREMENET & TREL, EXFPER - AT
T, FREBFOBIMOTVETS. T5%5LE
DISGEWE S BEDTY. I & gdhic S0
£IH, BEVWZEEFERELLID, EROKBILE
HBICHD FEA. @EZHBEHMLETH. AT
MELTOETH. B LAETNIEES, ZhHs
2ETLXS.

) EBEHOBEAEY TRCEEEEXT. —KH
(Fig. 11) BARBETONRZIETY. WRBELHRER
BRIE T, R TIRRIGEY S S L isY
ZHEALJICEH L TVET. = HEMWITIHBHE
CHRELTWSE-L»0WET. b, 5HEBWT

Fig. 11 Professor Hisashi Mitsuyasu

(R IR E . AEICT

Fig. 12 Colleagues of Mitsuyasu Laboratory, near
Mt. Kujyu, Oita.

FHOTWETH. HEDL TRV T .
ZHH (Fig. 12) ik, HEZEBE ThEICHMNI -
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T, —HBLINEBIE (B) TT. wiFlicidmb o
THRNGKEE BIER), ABEA (BE), &
BEA BV, RS SANSH L TERIA), ZLT
s (BhF) DE-> TOET. RERIMEA (BE) T
T, FFELIBoTHBDIIETTNTY. ELh-oT
TTh.
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3.3 BREPRIEBDORH]
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1) GFD summer seminar (WHOI) IZ &0

TFHEENS 7w XR— ViR (WHOL,
RA b VL) THEMBEIN TS GFD BN+t
F—IfTKTEDNENEEEL L THBLES ] D
BFERZHEZX L.

REFZIZF TERADTD, ULh s =4 HDHE
EETUWIVRIT, HERFILL, VSO THhED
BERLE LN, ABLEOB#DEH-THML
Lz,

GFD (Geophysical Fluid Dynamics; H1EKIF{A S
¥) LEREOHEREENEDONRNEE L XS
EBHEDZ L TY. BRATRBELI TERIXE
RRXE GFD BHEDHETY. #4775 GFD i
TENBRRICT v AR—VICKETDT, ZOE
BRTEEEOEAETLE.

Z ORHHIZ MODE 8ill7x & g e iR 25 0
REHTURE. COEDOFEEERIEZ oz B0E
T, ZOY, HEEITIEH D F¥ATL A Rhines
DEPEOTRERICOVWTHEEEZLE L. B0
AL & MIT & DT, B U REEE B zEiED
HHET.

THEENE ER S ERMO#R2ME, BREO#EE/ —
NEREIESZ OB EEDAETT. 2ERE A
DHHICE > T, ZTORBEED £T. FAOBEKE
ZHERST T ERENTDTTH, AFIKIERE
TEELRE. EXICEFLVARTEDLDERAT
L7zL, AEIEULRAETH A HAEENXIREF
TMOETHSL.

ZEDE IV EDDEKIE, I F-PKDZE
TREZDEDEDOMENRR (FehHB LI TVET
W) BRELUHICT BT ETLE. £hBLHERk
BZMFREOHNECHARLIBELTELS VST L
TUtk.

HOBFFREEH > TV =Ohd LNERA. BON
B8 UEBMER S LR, b BEHRDIERE L
THIEWh & Whitehead (WHOI DFEE) HFE-
TANELR. &TAD, ZD Whitehead B [H5H
NEREEEDOAINTL, HEEFHMOANCIEELTE
bR VWE ] ERE LK. BRI
ZERT LIz

HATEEZEZ SNEVWEIHOERET L. ZWik
TEIL, WEVWXDEERINTEVWSHIETEEY
—DKFALHELTWVWE L. Zh A TidRm

DFEECEUMITHN VDS, EEELTTY.
MEEMEIC K20 A E—HORS - & W5 E
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Fig. 13 Typical observed paths of the Kuroshio
south of Japan. Note that the Kuroshio
passes through narrow passages, one close
to Tanegashima and the other off the Izu
Peninsula.
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Fig. 14 Analytical model of the stationary
Kuroshio paths: (top) bifurcation dia-
gram for an idealized geometry, (middle)
steady paths corresponding to the top
panel, and (bottom) bifurcation diagram
for a geometry just a little more realistic
than the top panel.
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Fig. 15 Bifurcation diagrams: (top) based on the
numerical simulation by Yoon. and (bot-
tom) based on the analytical model of Ma-
suda, which is the same as the bottom
panel of Fig. 14 except that the left and
right exchange,
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Fig. 16 Stationary Kuroshio paths simulated by
tank experiment: (top) straight path and
(bottom) meandering path. Compare
them with the observed paths in Fig. 13
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Fig. 17 Experiment of the behavior of an isolated
eddy on a S-plane: (left) plan view and
(right) side view of the setup.
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Fig. 18 Snapshots of the isolated eddy on a -
plane  at an initial stage: (left) tank
experiment, vs. (right) numerical simula-
tion; (top) cyclonic initial eddy vs. (bot-
tom) anticyclonic initial eddy .
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Fig. 19 Evolution of a linear, anticyclonic, and
isolated eddy. : (top) at an earlier time
and (b) at an later time. Since the eddy
is almost linear, the eddy center moves al-
most westward.
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Fig. 20 The same as Fig.3.3 except at a later stage
for nonlinear isolated eddies. The cyclonic
eddy like a typhoon in the top panel has
moved northwestward, while the anticy-
clonic one in the bottom panel has moved
southwestwad.
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WHOI GFD summer seminar 1T

Fig. 21 Participating in WHOI GFD summer
seminar, Woods Hole, Massachusetts.
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Fig. 23 Deep circulation over large-scale bot-
tom topography based on our diffusive
reduced-gravity model: (left) a sea mount
and (right) a depression: (top) pressure
and (bottom) vertical velocity. Note that
the pressure is low either over a sea mount
or a depression.
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Fig. 24 Projec of DSRC I: (top) a system of ocean
HF radar deployed at Tsushima, Iki, and
Shikanoshima to monitor the Tsushima
Straits, and (bottom) a snapshot map
of the surface current of the Tsushima
Straits measured by that radar system
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Fig. 25 Projec of DSRC II: (top) the sea observa-
tion tower off T'suyazaki, Fukuoka, which
monitors the wind and wind-waves over
the east T'sushima Strait and (bottom) ex-
amples of wind-wave spectra measured at
the Tsuyazaki sea observation tower.

1) #E L —Z—IC B 2 Hlihaze (AT Hd)

O: FFRIRRImEETRS.
[SERAE VRS LY
Bk o e 2 o

X: BELLTHELONS.
LHIEHEREOBLE o 1.

2) iR

O: MEER L REVHABNERED
BT TERLELSEBALEDE>h5?
X: ZTOZEL. RICELRN. ERFB?
B RO, BHOOKIhEM R,

3) B HYEHIEELRIC N S % i P DR
O: REMILPHARHICNT 2882 L
FHEMLEOH BHRZH LTk

10



TMNKBICRIEREFFR 5146 5

20143 H 25

ZRyeELIR ORI E

BOBREDREICHKRT 5 BBHE

Fig. 26 A well-known property of 2D turbulence,
i.e., the eddies of a small size at the initial
stage as in the top panel are enlarged in
size as in the bottom panel.
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Fig. 28 Pressure distribution of deep thermoha-
line circulation in a basin with a uniform
bottom slope based on 3D OGCM simu-
lation made by Dr. Ishizaki: (upper left)
eastward shoaling, (upper right) westward
shoaling, (lower left) poleward shoaling
and (lower right) equatorward shoaling, in
the northern hemisphere.
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Fig. 29 The same as Fig. except that the result
is based on our diffusive reduced-gravity
model: (top) eastward shoaling slope and
(bottom) westward shoaling slope.
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Fig. 30 Radar observes the radial component of
the current vector. so that at least two
such components are necessary to deter-
mine the current vector. In the figure two
components & = u - €; and ¥ = u - €2 are
measured by two radars in the direction
of &; and é3, respectively. Those compo-
nents are used to synthesize the current
vector , as is described in the text.
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Most human history has not afforded men much
chance to pursue their curiosity, except as a hobby
of the rich or within the refuge of a monastery. We
can count ourselves fortunate to live in a society and
at a time when we are actually paid to explore the

universe. (Henry Stommel, 1974)

Stommel HNTL - LE2HLES
Oceanus DFFE (Oceanus vol,35, 1992)

S

4
ul

P

SR SR RS EE
(BE—DSREBRT LN - E T B)

Kl T D% 16:307 EHH S

X BIMUTEIZHFETHHICESF




FUNKRACRASISERTATR  %8 146 %5 2014 F 3 H 41

1)

IEHFROEEmHX ') X~

A. Masuda and Y. Nagata : Water Wedge
Advancing along the Interface between Two
Homogeneous Layers, Journal of Oceano-
graphic Society of Japan, Vol. 30, No.6, 289-

297(1974)

A. Masuda : Double Diffusive Convection in
a Rotating System, Journal of Oceanographic

Society of Japan, Vol. 34, No.l, 8-16(1978)

A. Masuda Group Velocity and En-
ergy Transport by Rossby Waves, Journal
of Oceanographic Society of Japan, Vol.34,

No.l, 1-7(1978)

H. Mitsuyasu, Y.-Y. Kuo and A. Masuda :
On the dispersion relation of random gravity
waves. Part II., Journal of Fluid Mechanics,
Vol. 92, Part 4, 731-750(1979)

Masuda, Y.-Y. Kuo and H.Mituyasu : On the
dispersion relation of random gravity waves.
Part 1., Journal of Fluid Mechanics, Vol.92,
Part 4, 717-750(1979)

A. Masuda :
between Wind Waves,

Nonlinear Energy Transfer
Journal of Phys-
Oceanography, Vol.10, NO.12, 2082-

2093(1980)

ical

A. Masuda and Y.-Y. Kuo : Bispectra for the
surface displacement of random gravity waves,
Deep-Sea Research, Vol.128, No.3, 223-237
(1981)

A. Masuda and Y.-Y. Kuo : A note on the
imaginary part of bispectra, Deep Sea Re-

search, Vol.29, No.3, 223-237(1981)

9)

10)

11)

12)

13)

14)

15)

16)

A. Masuda : An interpretation of the bimodal
character of the stable Kuroshio path, Deep-
Sear Research, Vol.29, No.4, 471-484(1982)

A. Masuda and T. Kusaba : On the local equi-
librium of winds and wind-waves in relation to
surface drag, Journal of Oceanographic Soci-
ety of Japan, Vol.43, No.l, 28-36(1987)

A. Masuda : A proof and applications of
the expansion theorem for the Rossby nor-
mal modes in a closed rectangular basin, Jour-
nal of Oceanographic Society of Japan, Vol.43,

No.4, 237-243(1987)

A. Masuda, K.Marubayashi and M. Ishibashi
: Batchelor-modon type eddies and isolated
eddies near the coast on an f-plane, Journal
of Oceanographic Society of Japan, Vol.43,
No.6, 383-394(1987)

FOGEE, W B ST T o & I
DT, 5 35 [l L Agam X 5, 217-221(1988)

T. Kusaba and A. Masuda : Wind-wave spec-
tra based on the hypothesis of local equi-
librium, Journal of Oceanographic Society of
Japan, Vol. 45, No.1, 45-64(1988)

A. Masuda : A supplementary note on the
completeness of Rossby normal modes in a
rectangular basin, Journal of Oceanographic

Society of Japan, Vol.44, No.l, 40-45(1988)

T. Kusaba and A. Masuda : The roughness
height and drag law over the water surface
based on the hypothesis of local equilibrium,
Journal of Oceanographic Society of Japan,

Vol.44, No.5(1988)



42 B EOPRENEHE  —FEREANE—

17) AMasuda : A skewed eddy of Batchelor- ocean with an arbitrary form of side bound-
modon type, Journal of Oceanographic Soci- ary, Quarterly of Applied Mathematics, Vol.
ety of Japan, Vol.44,No.5, 200-211(1988) 51, No.3, 425-439(1993)

18) A. Masuda : A laboratory experiment on 28) /MVAsEAR, BEEECR, HH E . RS ER O
the Kuroshio meander, Deep-Sea Research, FERIE 2 X — 53237 U S BAFS L 720387
Vol.36, No.7, 1967-1081, 1989.07(1989) BRI DWW, B A SE IR, Vol. 75,

121-143(1993)

19) A. Masuda : On the completeness theorem
and the expansion theorem for eigenfunctions 29) K. Uehara, K. Taira and A. Masuda : Density
of the Sturm-Liouville type, Quarterly of Ap- field along 12° N and 13° N in the Philippine
plied Mathematics(1989) Sea, The Deep Western North Pacific, edited

by T. Teramoto , Elsevier, 39-49(1993
20) BB, R AKEEK, GBS, b5 Y '
5 . ZXEEHE &N ARD B, A TIZET 30) A. Masuda, T. Kusaba and K. Komatsu :
FRHTHTHA, Vol. 69, 1-32, 1990.02(1990) Two recent topics of wind-wave research in
. ) ) RIAM, Proceedings: CREAMS’97 Interna-
21) A. Masuda, K. Marubayashi and M. Ishibashi
) ) ) tional Symposium, 25-28(1994)
: A laboratory experiment and numerical sim-
ulation of an isolated eddy in a basin with to- 31) A.Masuda and K. Uehara : Dynamics of ther-
pographic beta, Journal of Fluid Mechanics, mohaline circulation based on the expansion
Vol.213, No.3, 435-445(1990) in terms of diffusive reduced- gravity modes,
s v s Proceedings: CREAMS’97 International Sym-
92) WAFH B . VEPESE & BOE, ¥E L %8, Vol 67, 163- S v
posium(1994)
1752(1991)
. . 32) wifE A, B E o MR EKIcE N 2
23) =R, HH E  KEREBEEFORICEY ) . led R 1 TS Vol
. ey . _ e R, M Ftu , Vol.
B SIS DL, I H LTI, Vol y
76, 143-162(1994)
74,117-131(1992)
. 33) BRHET, ESEE, WH E . HRh L EED
24) A. Masuda and K. Uehara : A reduced-gravity .
_ . _ MHAERICE§ 2 DI — ) RbIcE->
model of the abyssal circulation with Newto- . . . .
_ , _ - 7L R VX — DT 2 L & LT —, S
nian cooling and horizontal diffusion, Deep- . B
TIEFERATRL, Vol. 76, 123-142(1994)
Sea Research, Vol.39, 1453-1479(1992)
. , 34) A. Masuda and G. Mizuta : A study on the
25) BEEA. BH E . EEEEEROMEICE ) N , . 4 Y , o
R - . . effects of bottom topography on deep circula-
B E RS R AT O R, A R ¢ ) yd R
_ ion with a diffusive reduced-gravity model,
SERRIEHTITH, Vol. 74, 59-93(1992) R
Journal of Physical Oceanography, Vol.25,
26) AKHILAK, BH = : 7 L 2 iEEE RO No.3, 374-390(1995)
HEEE, JGH AR RTATR, Vol. 74, 23-
35) A. Masuda and K. Yamazaki : On the stability
44(1992)
of baroclinic vortex streets composed of quasi-
27) AMasuda : The completeness theorem for geostrophic point eddies, Deep-Sea Research,

Rossby normal modes of a stably stratified flat

Vol. 42, No. 4, 437-453(1995)



T REES R I2A T Ze TR 5 146 5 2014 E 3 H 43

36)

37)

38)

39)

10)

A1)

12)

43)

44)

WA B MR ORGE DFEED O | BERET
WHZERTEfZisR, Vol. 908, 197-207(1995)

G E, BKERE, BHE &= DMRFDE -
NOTEL L BORN T v A L LB I 3
BEHE k- ¢ BT VOEME, HAARZESHRCHE
(1995)

D.-L. Zhao, K. Komatsu, T. Kusaba and A.
Masuda : An experiment of wind waves in de-
cay area in reference to the role of nonlinear
energy transfer, Reports of Research Institute

for Applied Mechanics, Vol. 113, 1-16(1996)

EOMUASL, BT B . RERIE AT 2
H BRI X T B MRS 0 B )

SERFRRTATER, Vol. 79, 23-38(1996)

AINRSEAE . B ERR, W E . R odE
T 3L X —(RIEFEIE DR DR A RV
P VO R RIFE R I ST R, G 1A e
BT, Vol.79, 1-21(1996)

K. Komatsu and A. Masuda : A new scheme of
nonlinear energy transfer among wind waves:
RIAM method -Algorithm and performance -
, Journal of Oceanography, Vol. 52, No, 4,

509-527(1996)

A. Masuda, H. Takase and A. Okuno : Tur-
bulent mesoscale eddies over random bottom
topography driven by random wind stress curl,
Proceedings: The CREAMS’97 International

Symposium, 229-232(1997)

K.M. Yamazaki and A. Masuda : Parameter
dependence of linear and nonlinear instabil-
ity of barotropic and baroclinic shear flows,
Proceedings: The CREAMS’99 International

Symposium, 225-288(1997)

A. Masuda, K. Komatsu and T. Kusaba : An
intercomparison study of numerical schemes
for the wave forecasting model of RIAM,
Proceedings: The CREAMS’99 International
Symposium, 205-208(1997)

45)

46)

47)

48)

49)

50)

51)

52)

IR AER, KT « BPHIC L 7o — BRI

Rz oMmaEic B 2HRBEERO NS —
7 A b —dm & BB —, IO AT

##, Vol. 83, 19-28(19983)

D. L. Zhao and A. Masuda : Observations of
directional spectra in a large wave flume, Pro-
ceedings: Hydrodynamics -Theory and Appli-
cations-, edited by H. Kim and S. H. Lee, 413-

418(1998)

G. Mizuta and A. Masuda Three-
dimensional structure of thermohaline circu-
lation steered by bottom topography, Journal
of Physical Oceanography, Vol. 28, No. 10,

1979-1998(1998)

J. Takahashi and A. Masuda : Mechanisms of
Jour-

NO.6, 669-

the southward translation of meddies,
nal of Oceanography, Vol. 54,
680(1998)

A. Masuda and J. Takahashi :

topographic beta effect on the northward and

The pseudo-

southwestward extension of the Mediterranean
Outflow, Proceedings: The CREAMS’99 In-
ternational Symposium, 176-179. (1999)

A Masuda, A.Okuno and T.Shinozaki : Deep
circulation in a square basin of a uniform bot-
tom slope - comparison of analytical solutions
with numerical solutions -,Proceedings: The
CREAMS’99 International Symposium, 168-

171(1999)

A. Masuda, T. Kusaba, K. Komatsu, K.
Marubayashi and M. Ishibashi : Some statis-
tical properties of wind and wind waves at the
Tsuyazaki Station in the Eastern Tsushima
Strait, Proceedings: The CREAMS’99 Inter-

national Symposium, 164-167(1999)

A. Masuda, T. Kusaba, K. Marubayashi and

M.Ishibashi : Statistics of wind and waves



44 W O BRI

off Tsuyazaki, Fukuoka, in the Eastern
Tsushima Strait, Journal of Oceanography,

Vol. 55, No.2, 289-305(1999)

53) H. Matsunaga, Y. Sugihara, T. Komatsu and

A. Masuda : Quantitative properties of
oscillating-grid turbulence in a homogeneous
fluid, Fluid Dynamics Research, Vol. 25, 147-

165(1999)

54) BEH B, FIEEK o 0SB GGE D i 1
EERBOEERHE, 5 49 RIS A
TR, 289-290(2000)

55) YEHI & . HARWEOWFHELE) - JREB DY
IV T, 96 49 RS ) e e sl R,
285-288. (2000)

56) My EH, HH = MEREEICET S 8 B
ROACPEFEEUT & 2 306, WA 1202 T TR,
Vol. 118, 31-39(2000)

57) A. Masuda, T. Kusaba and K. Komatsu :
Nonlinear digspersion relation and the spectral
forms in the saturated range of wind waves,
Reports of Research Institute for Applied Me-
chanics, Vol. 118, 1-8. (2000)

58) FUGMUK, HEH . JMASEA SEVERE. MR
W HASEH RO LR & AR OB ERE,
AT TAEA, Vol. 22, No.l, 35-41(2000)

59) HlEAE. HH &= . FEERICE T 2 EiEH,
JUMRZER LB &3 T2, Vol 22, No.
1, 35-41(2001)

60) MW % . igrErh RO O M IVRE, BORENT
WAk, TELMEOBEE R4 - B
2 fiEt - JBH =, Vol. 1226, 160-170(2001)

61) /MRIEE HEH = . IREBUC BT 2 B S
W D IR = 2L ¥ — {53, KER G
v & —WgE#E, Vol.1, No. 1, 7-21(2001)

62) HUGEIK, MM B, SRV, MEEFAHG - JRR
MR iR K OWHEROCERICE T 53 BEE

63)

64)

65)

66)

67)

68)

69)

AEBE OB, IS 12T, Vol. 122,
43-48(2002)

EEBR, WH B, WMEXR, AfEER - B
BRIEFEIE 12 8 1) 23 LROFH, WSH
WFSEATATHR, Vol. 122, 37-42(2002)

WM FE, BEF R RWIETIRR ORI A KE
& Lo, A AORABTHR, Vol. 122,
25-36(2002)

AT =, W &=, FREK, IMRER, OfF
B, BEPEL BEHESR. feREds - HF L —
& — 7% M 7o B i T i o 8L, G 7
SEWFFERTHTIR, Vol. 122, 9-23(2002)

A. Masuda, M. Ishibashi, K. Ueno and D.
Yokomizo : Experiment of side-band insta-
bility for surface waves generated mechani-
cally - fine structure and amplitude vacilla-
tion, Proceedings of the twelfth International

Offshore and Polar Engineering Conference,

Kitakyushu, Japan, 203-210(2002)

A. Masuda and A. Okuno : Quasi-geostrophic
turbulence in a one-layer ocean affected by
horizontal turbulence, Proceedings ~ Statisti-
cal Theories and Computational Approaches
to Turbulence: Modern Perspectives and Ap-
plications to Global- Scale Flows” , Springer
Verlag, 327-340(2002)

BEH B KERRO S 5 EEREELTRO H
ORI R, BORMATUIZEAEEZLR. Tl
FEE, MERPRAE B X OWGEHERIO BB, | Vol
1285, 178-185(2002)

A. Masuda : Spectral evolution of quasi-
geostrophic turbulence on f- and beta-planes
affected by horizontal divergence, Proceed-
ings: International Symposium ~ Dynamics
and Statistics of Coherent Structures in Tur-
bulence: Roles of Elementary Vortices” ,

edited by S. Kida, 217-231, 2002.10(2002)



FUNREEEA AR #1465 2014 F 3 H 45

70) HSFIEDE, ZERA, BH = RS
il L COB LR B R OBIE, M LY
FSCEE, Vo.50, 101-105(2003)

71) A. Okuno and A. Masuda : Effect of horizontal
divergence on the geostrophic turbulence on a

beta-plane: suppression of the Rhines effect,

Physics of Fluids, Vol. 15, 56-65 (2003)

72) G. Mizuta and A. Masuda : An application
of a diffusive reduced-gravity model to deep
circulation above various forms of bottom to-
pography , Journal of Physical Oceanography,
Vol.33, 451-464(2003)

73) WH B . NEBEEE R - Y -
AT I, IREEHTEAMTRESE, No.16, 19-29 (2003)

74) WIH T, FIG - BRI E T 2 — e —
ST OB B L CELRIRRBIC B § 5 &4,
BT ZEATEELE TELIAC & 2R, HEEL
RADOBI, | Vol. 1339, 120-128(2003)

75) HESTFRELE, G, I E . RS E
BT BREAT CO2 ZCHRIRIE DR, &K 4%
X5, Vol. 48, 511-516(2003)

76) HI M. BEH B, AMRER, AfEET, BE
B, IF#HEE - HF L—¥ —I2 & 2 W EHEE
KEWR BN, I EWEEUA, Vol 41, No.2,
109-117(2004)

77) EGE, ETEE, SR, SR EH
o MgREGE NS L 5 AEARE R O M,
EHE T, Vol. 25, 405-412(2004)

78) MH E, AMEBEXR, OfFET. B 5. 2R
TR ERANEE CERRN L 729 EJRGELTE L FHELE
& PRIAT, JUNIR AR JIAFZERTRTE, Vol.
126, 23-39(2004)

79) Mg, HEH E, AMEXR, OfEETT. B]
B R BEL— B AT A THGHE
RRASILTRE S OME - #E2 Tk, IS 0%
PR, Vol. 126, 47-56(2004)

80) BAHY =, HI M, BH B, AMER, A%
B NEBRREE AL — Y —
AT I, SRR AT, Vol. 126, 57-67
(2004)

81) diJIRETE. MM &, AMER, AfgET . B
B B2 EMEEORIEIC X I BRG ToHIE I
DV, UNRZERERFR A T2, Vol
26, No. 3, 357-364(2004)

82) &Il k. HWH E, FH B, BEFE . HAGRE
BU B 5 M2 FIWIRIBO ZHEZ) & L OFEAF
28, NN RARABEHR G T2, Vol. 26,
No. 3, 365-372(2004)

83) Y. Sugihara, T. Tsumori, H. Yoshioka, S.
Serizawa and A. Masuda : Imaging measure-
ment of whitecaps at sea observation tower,
Proceedings of the 29th International confer-
ence Coastal Engineering 2004, Vol. 1, 1082-
1092(2005)

84) FHII M. HH =, AMER, OiEETT « W
HIRIZHRE S N HF L — 45— ot HEER
A, I ERHEETYL, Vol. 43, No.l, 69-75(2005)

85) EAFIEE, EZIEMmA, MH = o EESERE
IS 8 1) 5 Rl bR F 28 #k B2 o) B o B 4
% BRI, LRSI, No.782/11-70,
101-116(2005)

86) H. Tsumori, Y. Sugihara and A. Masuda :
Parameterization for CO2 transfer velocity at
the surface of wind waves, Journal of Hydro-
science and Hydraulic Engineering, Vol. 23,

No.1, 43-55(2005)

87) B ®. FH/l, HH 5, AMEXR, GfEE
H o R — ¥ = & D 8 & 7z S
T, TR R BTGB T2, Vol. 27,
No. 1, 9-18.9-18(2005)

88) Y. Yoshikawa, A. Masuda, K. Marubayashi
and M. Ishibashi : On the accuracy of HF

radar measurement in the Tsushima Strait,



46 BH : BOWMRNTE —FELHE—
Journal of Geophysical Research , Vol. 1, 98) T. Wagawa, Y. Yoshikawa and A. Masuda
1082-1092 (2006) Bathymetric influences of the Emperor
. . e s e Seamounts upon the subarctic gyre of the
80) TH/IIZAE, HIF T, TR : WORMER — (S S ,ﬁp S dgy t
. orth Pacific: Examining boundary curren
ROFIM: % T 2 SUHERIER & AR R g.d fi
. namics along the eastern side of the moun-
AMKFREBHR AT T W, Vol.28, No.3, Y &
tain ridge with idealized numerical model,
349-353(2006)
Journal of Oceanography, Vol. 66, no.2, 223-
90) MH ¥ . XKW - WY ICBIT 2 HEF  —iE 232, 2010.04(2010)
L= BB L ARSI e, K. Manbayesh
. Yoshikawa, A. Masuda, K. Marubayashi
WRERHIHR, Vol. 132, 55-74(2007) Y
and M.Ishibashi : Seasonal wvariations of
91) ¥EH T : O THL A IS TRE E the surface currents in the Tsushima Strait,
DIEHEKEDE L FHEE & PEET, SR Journal of Oceanography, Vol. 66,n0.2, 223-
SIS AR FERTETR, Vol. 132, 37-53 (2007) 232(2010)
92) FFKEE, W1 BHE. EH)1 M. MEE E R 100) &I, WH &, AWRER, GiBEY « NEE
T4 EWEL Y =2 RO EEEICE T 12 81 5 RIEBRES), BFE, Vol. 42, no.9,
% RIBIUR - FEBOG O | O, Vol.16, 534-541(2010)
No.3, 237-251(2007)
101) A. Masuda A supplementary note to
93) MH = : MEHUBLHITE D M - e ICBE Y GFDVN: Complex representation of two-
ZHEHAIAEE —EIBELV—Y IOV T— dimensional vectors, Reports of Research In-
, WO IEEZERT TR, Vol. 134, 28-45 (2008) stitute for Applied Mechanics, Kyushu Uni-
oy \ N sity, Vol. 139, 85-94(2010
04) R, Il M. BEE : XEEIEGE versity, Vo S
IR S 13 IREHRE D IO E B R, IR 15 102) A. Masuda : Analytical formulas representing
FEATFTER, Vol. 134, 47-52(2008) the idealized growth of wind-waves, duration-
I N . ey limited and fetch-limited , Reports of Research
05) M 5 : ST O S ERMIREER  —— : T hp -
= titut i ics,
SOEBI— 1, ISFHFHIHH, Vol. 136,49- isliite jon Appuec. Yot yusin
University, Vol. 140, 1-12 (2011)
63(2000)
103) A. Masud Vertical d f i-
96) Y. Yoshikawa and A. Masuda : Seasonal varia- ) astca T
trophic {l i ith bott to-
tions in the speed factor and deflection angle of SEOSLIOPIIC Hows 1 al oceal wi orom Lo
hy - evoluti ti d tics
the wind-driven surface flow in the Tsushima e e
-, R ts of R h Institute for Applied
Strait, Journal of Geophysical Research , Vol. » ANEPOELS GF ASReARET. Mistiiie Tor Sppte
Mechanics, Kyushu University, Vol.140, 1-
114, C12022. (2009)
12(2011)
97) A. Masuda : Vector notations suitable for geo-
104) A. Masuda : Mechanism of baroclinic insta-

physical fluid dynamics with examples and ap-
plications , Reports of Research Institute for
Applied Mechanics, Kyushu University, Vol.

138, 1-12(2010)

bility based on an idealized equation in a sim-
plest situation , Reports of Research Institute
for Applied Mechanics,
Vol. 141, 35-53(2012)

Kyushu University,



FUNREEEA AR #1465 2014 3 H 47

105) ¥H FH:HEORMBEZ LS T#HA 106) C.-H. Hong, A. Masuda and J.-H. Yoon :
—WEHDIEY — | H AT, Upper Ocean Responses to typhoons in the
143, 119-128(2012) Northwestern Pacific, Reports of Research In-
stitute for Applied Mechanics, Kyushu Uni-

versity, 143, 55-62(2012)



