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B BUR BRI — R E WA TR H Y,
SR EFFE - LR P27 MIEITW D
DLBbins.

7, SEIDFESLDA—HFAF—Th 5 JihneV i,
INA— N DORZHHEFEER O RICTHT 5, "#
18 L CEHREHRIEAT DA >0 Mz T L Ea—
LT3, &3 1% Jahne DFRITH A BRI LB & BF
FEEZDFE LI HOTHS, Jihne (HEV VRS HiotE
SREENDIREE LTUTOI LT TS,
(1) BBh7kFRE _EORFZERN 2 BUG S04 OFHEIBT

DER%E

(2) BEKRE ED 3RTHEROFHHBINOFRZR
(3) FEAVE, MBS, HEMBORMSEHANEDORS

T DEETIE, BHAUEREEIN OIS , IENEBRIER)

FERHIEHE , ) B M) IZDWTRAT 3.

(2) EHRIERRTORMSE

a) FEFALERIEMN
AKREBTOUV—HF—ROREITE2FHELTEREBE

FEHE (capillary gravity wave) DRE % 5HEI7

A LSG(Laser Slope Gauge) iH— L —#F—H¥%H

WTW B D BFHZER LG22, —F,
SLSG(Scanning Laser Slope Gauge)iZB— L —4—
HEEESELZ LIZL VENREREZELFETD
% (Hara %) . Hwang® X SLSG Iz & 2EHEDH
BEBRTBIDTAEY 1, KEBEETRIZ1T-
7.

SKIEDERP OB LI B&IRIC L 0 8ELL, 2
FICKIADEEI L A DD, ZOREBROERIT 2 F|
ALTEATE»ORIAE TORBA BT 5 Z &08
T&D. ZhoDFEEZFALTGGeifler and Jahne?
HE—REORZAET A — 2R L.

Duke and Hanratty® i L —4' <8528tk Laser
Induced Fluorescence, LIF) % A\ /- KR HEIE T OB
RO 2WTCBERDFHAREIZOWNTRRTN S,

i, Roesgen 61X, 2IRTD~A o 1L X7
L—% AW ERNRKREOADEREZ RT3 FiE4 5
#L7. 35 FOXFLEERFETTHEN TS
Adaptive Optical System OFIFEITHO LN TWA KK
D wave front %072 “Hartmann-Shack” 24—
DFE %, KEOREFHAT 5 FECTE L2 DO
Thd. FHAIZIZCCD %{EV, KEMROEIZLS
<A 78 iR UK O bKERAR
EHEL TS,

Okamoto H5*E, w4/ 7@ Ly X&ESRDLYIC
L= DANRy J R E— o EFIBT B HEL %
L. 9, KELDL L—F -2y I G-k |k
FIZRET L, KEeiE L THEE%E CCD TR T 5. i)}
B ENIER D DAKEFROEIIT L DAy 7 s
F—OBBEEFAIL, KEEREHEE L TS,

b) SKAELBREOERTRIEEORSR

Miinsterer 5%, LU Minsterer and Jahne® 3/~
A F RIS RKE (UH) OBRRERAME 2 AT, B1E
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R-3 EHEHABHIORR

X5k REDOENH R
A ORI NENFIE Cox®1), Keller and Gotwols3®)
Jihne®®, Jihne and Riemner?®), Jihne 541
Scanning Laser Slope Gauge | Bock 59, Hwang'4)
Imaging Slope Gauge Klinke and Jihne®
KEMEFEOHKNE | PIV, PTV Banner and Peirson?), Cowen 5%, Dieter 59
Etoh and ’I‘akeharaq), Gulliver and ’I‘amburrino‘l),
Hering 5%
g HENFE de Leeuw and Cohen®), Loewen 5%,
Geifller and Jihne?), Asher 5%
KAFEERE Dy A E S Jessup?), Haufecker &
Haufecker and Jahne?
Infrared Spectral Radiometry McKeown®
BEKERES HIEFBT DHE Hiby*?), Duke and Hanratty®, Miinsterer 53

NH3 R, BELUBEEBROMESM LAREAFED
RBMOERBOMD 2DV THEIRAT . B
FHITEADE OBEMLSEFIA L2EH (Fluorescein
Technique) TH Y, #%#EILPBA(Pyrene Butyric Acid)
Z{EM L3 (Oxygen Quenching Technique) T&
3. PBABHFRRBEIL L > TEGHENERILTS.
FEoL, ZOFREERNTERBO—EA Lok
IR IAENBRFEBRE L.

Etoh and Takehara® {37V 24 L2 A Lk EEMEER G
BOBENBEN pH ITKFT2Z L 2FBA LT, [REEY
APKAA~EET A B E BRI 5 FIEEFAR
L7z, 2.5 X108 mol/lRED 7 VA Lt kKB E
KR L, KRE IR A ZRIESETER
Tl KFOIENDEFTNLE LT, B—0ifih%
KIEDEDHRES Y, EORERIKEIZER LS
BT, EDEDIKRE b REEH A ERY R E
AT 5 Z LiTEILIL.

c) ERNE

KRR & OKUEEX LR E A EO LS8 < B
FHLTWD. ZOREDKREE T ORNEZEGLE
THEITT 2RBPWE SN TS,

Banner and Peirson®), ¥ X ¥ Dieter 5% |
PIV (Particle Image Velocimetry) %, Hering B4
PTV(Particle Tracking Velocimetry) % V> TR D
WA ZfET LTV 5. 4512, Dieter bIXEEIIX T
51 A7 v THOBBEMSKE WHESIZNT D PIV
FTATY X bhE LT “Multi Grid Algorithm” 3R L
T3, “Multi Grid Algorithm” (XEARANFERET
HBH. ZOFETE, DEMCKELBEHREZRD S
ez, FTREVRERIK CRENLBERAHEEL,
T OBEPORERE TG~ v F o 7 E21T .

Cowen HVIE, 5 2358% L7z DPTV(Digital Par-
ticle Tracking Velocimetry) CR/KE N D/KRELE

DEHINE RN L. DPTV iR F OB ORRBER
EHA P37 OICHEMBEICE S PIVORERE
FIBTAFETHS. AREE FOFEAMIET Tl
RESA, LA S NERIGA, BRSNS % DPTV
TRET A Z ENTHRTH B LBRRTVA.

Etoh and Takehara®iZ, % &40 (2BA%E Ur-ahf
EFAH AT EFT, EROKREOWSE, KIS0
BlOBE ATz, BRENEEIATIZTILT L—
2 (256 X 256 EIFKE) T 1 FPMIC 4,500 B FIHETdH
B, &b, BIAV M7 L—aREICLY, BHT
1 LRI 40,500 42 (64 X 64 EIFE) DIE M FRE S 12 5.
¥, MCPBIA A=V ATy 77 4 T—2RNBEL
TEY, MARTTHRETE S, HLITZOHEY
FAH AT EANT, BEN2mm OKIEVKRE TH
BT 202 EMIBER L. i, HR4.6mm 0K
fEzkEmEr b BEBETXE, AREHRIZLY YO
£ IKEEESEN 2B U, &, BT
HEA LS T BEORBROEILER LI LTINS,
d) BEFHEUERIBM

McKeown 3SR R E COEEARLAETBHL
v Radiometric technique 727 T o 7 AWFFE~DiF
B & BITETR LTWA, KRS FOEA RS
2.2~3.8um D RUR CRAAE R AR Z 5| X 27
ZOEBIKE T2 505 EEROMHE2HTZ L
72D, ORI E UL OWREAEO REIZ
5.

R EFTRDORERFR AR 72 & CEBN -SSR E
OEEEB LS LN L0 D, Jessup B9 iTRAMRE
BFRIF 21T VEMERB OEHEBM ORNEIT o7, #
LITEERRMIREE T T v 7 ARENIKET R L%
MR U,

Haugecker b iZBBRIOHESERE 218 L Colfifkk
ERAFIRDB=DIZ CFT (Controlled Flux Technique)
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AW CFTIX b b—H—, LTHRADRD Y IZEL
ERWT, FEL FETH S En a2 il aE
ETHD. Thit, BEERSEIEARNIC KRS
BLERUTHY, w2 Iy MEOHDRE T CEFRMS
FHNE EWVHREICESWTNA. FBIZIE, CO,

L—F—D & 5 efRIMRBHEEICL Y, AREIZA
THNCBEIML, FRIVRET A H A S BNTML
bNIOKEEFEORELHET 5. S ZEEE
RIZ L0, BOBERE AR, [USEXREICER
T3, HOITTRAEmECREEHRI BT 3 3 oD R
&, BEREE BRE SEMEBEEE®RICONT
REZAT 7. SHIC, ELEIBHMERIAICCO, L —
P2 MIAA TSR 2% L, KEBEERTO
BUBSHINCEA LizBla R LT 3.

%72, JahneViZ L B a—RXIzisV VT, CRT ORIEE
RIBBETADY 21y MRIZERTBOD T Z > bV
B2 A—F—BNZ ETHY, oIy MEIOKkEN
b L= —% AV iz CFT & Rk FEORENF-N
B ELERNTNS,

(3) ZENRERMER

WL DD DI FRHBA D ERHER OBA R B &
NTWBD, ZZTEA T AT KE (UH) AR
BHR BRI Z /BT 5.

KGR BEFRKE DN A -5 17T, AR 4m,
IKEEDIRIL30cm Thd. A EHO A (KT A) %
SSENVE A=V B) IR 1, FOR,—N%
FEzEEDZ EICEVAERZT. N Fs s —lid,
Y=TFE—F—IZLY, SBHILIBBEIEEND. Lo
T, KEROKEE, 2<AKREEETT S ENTE,
SEBEHRS AT AOIE LT3,

ZOKBEORBUILITDE D Th 5.

(1) RFVRA—NFEERSES Z LIZLY 0~12m/s

DREREDZ ENTEB.

(2) —BRTHEROUGEIEERFA1ED Z LN TE S,

(3) [EMBTOOT, BT A EELE 2 (LY
HERWERIIEH LTS,

T OERER & BV RFROV < ODDIRE ST
5. Frew b3, REEEDEHOFENKIBHEIC K
EREBEEZTVWBENIBIOWEEREZITT
WHOI OREBREIRAY & UH OBRRERAM T, R\
DOFEEMELRS & REIREEEIZ DV TR TV 5.

(4) BUBEHA

HGFHAEE LTI, T 270 b L—Y—ik, 22Rp
R UCHEDOENEZFHRIT A2 HEENHS.

Fa TNk L—H—iEL, KRETRETSD bL—
Y—H R & REREMD b L—— &2 R KIRKITIRA

228cm
70cm | 60cm

92em

Bl-5 /oA TGS KED KRIBHRBIRAR O X

L, BIRILEORBLERETIC, NHDBEENDLE
FERREEREHTE 2 HETHS (FIXE, M),
ift, ¥=2 1y MEScDEH 2BEOKM (—RHIC
SHe & SFe 2MEDND) & hL—H—& LT, KIFE
EREEHET 2 HEXAV SN TV S (Clark 59).
WECOREITIE, BARFIIHET S 22Rn DR 1C
LORMIEZHEIT B Z LI XV EEORS AR E
HT2HERHS. T, BERBIZIVREHIE
U7e 1C L BERMED 12C DI E A b TARRIELE
BEEHTZ2HFERSD.

3He & S V=T a7/ b b—t—ER0222Ry
DRERBRIIHB ORFMR I — 2R L TWB DI
L, M“CORER-RIIFEEIRIABAINBLT
W5, ZOkh, WEDERFEBRT S Z LIET
& 724> (Liss and Duce® 2f).

BRI OWTL, BEEAORRIRE S 0 2y
FAEIT LTS, SEIDSHETITFDORBROE N
WEIRTND. SEREESNETuY s MRS
FLOTHRAITTT. Z ZTH1993 FiZiThbiiz Air
Sea Gas Exchange Experiment (ASGASEX'93) & P:
Fha 7oy MIOWTRMT .
ASGASEX'93 I IMEIZIIT 5 C0, 7 F v 7 ADE
BHRIES Y2y N THY, 4T X OUERED %k
D Meetpost Noordwijk (ZEHT » b ilk— A2 R
L, BHIAThi-. 51X ASGASEX' 9328 L7
MBI —HRTH D, T, F-6ITHEHERB LA
EHEYOHFTHBEERLTWA,
Zo7uVzy OB, KEAFERO CO 33
B E RITTEROMS & EEN/AEME, Bk
(Eddy Correlation Method) CEEMl & /- KRS REL
LMOFETEMENZFIE DR—FKOBEHATHS.
Oost 5V EROR—KOFERIL, T4 Db
AT BEIK EHEKIZ &> TEL ZBEPREERE O
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27 (Eon) 5] g3 e R BAR
Air Sea Gas Exchange Experiment F7% | 1996 T THERE
for Marine Aerosol and Gas Exchang bt 4 * 7 v ¥R km .
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Coastal Ocean Processes program 7 AU % | 1995 AV TAHN=T M 74 EfAfA
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Marine Boundary Layers Accelerated 7AUA | 1995 VT AN=T 74
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(MBL ARI)
Joint Field Experiment of 7XU% [ 1995 BV 7 N=T 74 EiERA
CoOP and MBL AR
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Ocean Margin Exchange program X 1995 JEXTE avT:
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(WABEX-93) :
Marine Aerosol Properties and FZ % | 1993 Bl TR
Thermal Imager Performance
(MAPTIP) .
Air Sea Gas Exchange Experiment Z7 % | 1993 % T
(ASGASEX'03) A5 5 iR Okm
(BITEX study) e | 1993 BE il
Joint Global Ocean Flux Study EEW | 1087 L&
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Humidity Exchange over the sea program | <83 1986 % , B
(HEXOS program) A7 ¥ EOkm M
(GEOSECS) T 1970 LIBT | Ml < DA WTE fRAR
BLUKEHE

BECHD LB, ZONEERE THEL DM
HBARMEIEN B L 512 CO DSHEERXIH &
NTVWBHLDEBLT. Lsl, ZORBEEMTS
WRTF—BRELTNWDZ L bR L. 1993 FIC
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(MAGE=Marine Aerosol and Gas Exchange) #3471
N, —o7aPz/ FOBRIIKEDLHTRERX
hBZEiZigdThAS.

(5) JVE~FEILT

e KRB EF ) (Ocean General Circulation
Model, OGCM) ZAVWWe/a— VAR BEHERY I
L—3a U ET S i, KUSERSRE A ILIRRIC
2y U ITALENDD. TOLI Ty BT
BT, AIFEZFAALEZYVE— bR
BYEELOND., £, YIalb—TaryOTHIEE
BEOBEDTDITIE, TFNMCERY AL [AFENEHREL
ROZYUMCIBEEDIHBEBRICRITTREIOW
THHamatangiiudiz b2,

Suntharalingam and Sarmiento {3, 21— 372
N.O 7 F v 7 A45F 0T 247V, Wanninkhof*®) A3
RBR LT KUEFEEGREG & Liss and Marlivat®®) 23425
LIcDLB BT o7, fBITIE, BIET—F &S
1= BERFEATET NV & OGCM IZFARAATEN O FER
EFAD2OODEFFATIToTNS, TOMBR, WE
DN20 77 v 2 A5 & HET 5 1 Tid Wanninkhof
REAVBFBL Y RUARREE LD EDNTREN
7.

Wang b9 HERHIC & B~ 7 v OMBERRED
B, whitecap DOHRRI L UKUBEEREL & B
TRHEERMLTWA, b3, EEEEkMEEAN
T, Biic L B~ 2 o OEERE L £ &
DHEERBOH A FRFIZIT> T4, ¥/, whitecap
WRRBOHANCD 28O EFAH A F 2 HVTHAIL
T3, A 7 i OBEIRE & KUEREGRET ORI
DFHPTIE, He & SFe®EL, 11 THAILE.

BRELT, v 7 oBOMERE & whitecap #78
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BAE, KEHEEMD CO BRI RITTLFR RS
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OFR: 1-1:: 199§
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LI3RERORE R r—1.
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5. BEOLIAIFEESFICETHRED
L
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BAARD AT 248 Tid 20 51801, HETH¥ERD
HREIC LD ERBIHRIMTONRLIDN), BfT
TR TS0k TRBROMEENBEURFE 216D T
W3, O TREREOMENZHBBIIBMTS. =
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I AKBEREL) , TR RIT AREHE%) , NERICE
I AREEE] B LUTRMNTS.

(2) FEEFOENIZK DHEHE

SR 5555013, EERR UNEF AL TR > b 2Rl
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750 L LTI, TIMATEE LA\ REVME F RIS
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ERE AWT, AREAEOILMRFER L REDHES
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BN/ SVEHE @G LA /W AEHI1L,000LLTF) T
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D LIS T A0 LT, BEXEIR
SIAKE T TEAES &5 Z L3R ENE. BESH
HKE T Imm AT &5, Kolmogorov Df/MEL Y
AN IO (RESREAE) TELTWE -
DOEBT T, BRABE SR LUKUEEERE LT
NENEF VA JVZEO-12FIZHEFILTNB Z &
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I ENRBENTE.

PERBR N TE SR IET 2 ST T
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IKEORBEEERFEH D WVITEFEESY, HhoiLi
BLEOLDICEEMTEINE VI ERD -, F
HF - A5, RBEIRAAEAE A R, KREAE

279
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1.25
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bulk B, C'IIBEEBKY, LpRESFERA,—1,
ul FIARE CORESFRENEE, Re IWHAREAT—1
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HAEHRERETHNNTA—FTHD.
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THE STATE-OF-THE-ART ON GAS TRANSFER AT WATER SURFACES

Shohachi KAKUNO, Yoshihiko HOSOI, Kohsei TAKEHARA, Koji ASAI, Yuji SUGIHARA,
Yoshiyuki NAKAMURA, Hiroshi YOSHIOKA, Hiromaru HIRAKUCHI, Takeharu ETOH
and Tadanobu NAKAYAMA

The recent studies on gas transfer at water surfaces are summarized. The contents of proceedings of the
International Symposium on Gas Transfer at Water Surfaces, which were held three times in the last few
decades, are classified depending on subjects in order to analize the movernent in the research field. Some
interesting topics in the proceedings of the Third International Symposium held at Heidelberg in Germany
are presented. Research activities in Japan are also briefly summarized.



