HEO W (Oceanography in Japan), 22 (2), 35 — 45, 2013

FEFFSURERTRNL —
RS 2@ L g E I 0 2 LY E B9 2 B9
KL St

C: =]

K& L WEHER T OEYHBRALEHBEER P, T OISR, SEPEREOZ (b5 &k
Ly, glEEIanind 5. FIFHERFBBOYEEROB S, S, BERKKT T2
VOV DAL A E) & = 0%, T L CTHRENOEEICOLWTIFRL TS, 7 VT REE
R & B SRR T2 AAECIR = 7 o v, JEREE EABFEZLICL L ks h,
BRI D SURZAL O I E I A G A TW A T E&RE Lic, oz 7 v/ vl
EEN TV BRICHERSIERBNTE L TV A LN, PIFA SRR R LE e % 0
S Lic, #FEICIET 5 TN o OB, WERE T, AYrnEiEamL T,
W EYIEINC B A B A TWA T LA M DTz, —T, WEERGT 7 oV I LFEDS,
MEEAEYI PR IC L > TR LT 2 T & 2R L, lEE KRR LSBT vr—Y
DEBWIIREZ, S SIS E 2201013, WIERY & RSB0 N L7]/R T

b5

F—0—FERK, T w v, SR, ASEEYE,

1. FL®HIC

HIEK (S 46 (85, WIcEDb ORI TwaE. SOk b
TIE, BT 2 EELETHEMANEENS L 21T, JEX
SEEEQIREE D S hidic,r <, 75 v b v o
TN = AL ET B, T NIERBEESAK TEOK
WAL, RESEB @z sn T, REKENLES
% L[hlkgic, 7 YT REED O AR DAY AR S
RoETCRESAICHE GEVRL 1) 25, T+ o4 —
PV RIS > TR L, thEdT s oL bbh

*20134E 1 H 4 H5Z6H ; 2013 4E 1 H 18 Hs2#H
HIFHE - ORI Y2, 2013

T RR SRS T
T277—8564 TIEEAHIIOIES—1-5
TEL-FAX: 04—7136—6361
e-mail: uematsu@aori.u-tokyo.ac.jp

RSV E G ER

5. COWRHIC, nKEE & iRE %o B BRI IR &
KEH, NEEOEITHEANETNT 5. HABZO
il Z B & I 20 5138, HiBkidAEETws
&V SR AR,

Z AIHIERDS, MBEENEIAT N AYHEOE Y EE A
MIEEIC L > TEZ SN, TORE, W EY oY
WIS LR RRR Y, RS OED 2o H 5. FA
DT, PEED & K58 A L ClgreBlicoEiEn, <
L CREINTI3HEREY & L CHIBBRES Ic T 2 0
iR e, ZOMWAMEHOEREEZHSMICL &S EHGLA
TERLDTH S, 2004 FFiid [HFERKT 7T v v v
OB & MR ENCB S 2 HIBRL2ERIREZE | © B ACHIER
(LB AZE L (iR, 2005).

NS DOHEREERIC, S SIHENDORDL 2
¥, 2006~2010 FEEE D[], FpE RIS [HEERE -
KA VEOWEREREY v/ — v (RKUBEYEEE) ]



36 fiata Sek

1]

I
Marine
Environment

Disturbance ===5 :
Dissolution of

subsances of
atmospheric origin
into seawater

~ Observation Cloud
generation
Substances from Land
~ = Panlch4}
™ [ - AtmospheriC Chemical

Observation A01 - * e

Reaction

L
CO:Flux Biogenic gases
exchange emitted from sea

b
o A

@ceanegiaphic i &
@oSenvalion

'

Genaration of
Biogenic substances
Changing
nitrogen-fixation
bacteria

N

Change of circulation q) o
of trace element (o) vOC

. ‘o. >|
iy
Phytoplankton's propagation
and biota's changing

Change of
food-web structure

Fig. 1.

S

v
65
\ ”

¥
(E bacterial community

7N

Schematic concept of the W-PASS (Western Pacific Air-Sea interaction Study) project funded as the

Grant-in-Aid for Scientific Research in Priority Areas (illustrated by Y. Narita).

(W-PASS: Western Pacific Air-Sea interaction
Study) ICHUGHA 7 (Fig. 1).

EDZEIE, KX &M T OV EER LG
DAL, HIBRAR S DM P S Ic 8 & K iE 3
TERFNICEE L, FEROMBKERSE Tl o & Lo
72D EHRN T B AEREFIE AR DT & 2 DRI L T,
FHIE L Cwciinic b ol SIS LTV S, REE IR

L LT, 20104F 4 HICRDORTE L TV 2 B giRS

)
Lz

e

FERFFERT &, WERFERUR Y 2 7 £ K 2 v 5 — DS
SN, HERFF v YR, KRRUBERSY O E D
FeaHEHET B RKUBAEITZE T L { Br S 7z o 131
DRNTHHS.

AFwSCTlE, R (2005) & NES—EREE T 5 R
W BH, TRV EV, 2012FEKEFTOH 90
HOFE X OB [FHE I, Google scholar 1T X 111g,
#3200, EFEETH-ZHmXII 18R THY, =D



MFENEIE N 5 KWE D IF5E 37

e HAEIER 900 - ThH - 7. F, hfgfuz 28 T
B ot W28 Ll Eoimsehs, Dl &b 284
»H 5T &I 5. Google scholar D# 5| HE X, Web
of Science &0 & 1—2 EIFEE, EHICH 2 HALDH S
7, HEARMEO TEL, 7272 bBETH B, FE2R
TOHWS IR ARG X bbb, £ A
BLwRXbH 5. INoDHFPHADLEDORED L~
WIZH B D0 FHBHG VA, EOMRXH oI
WCHlk 2 Rpfc i, EEH I OPHLITIZN S EFER
5. XX HXEO [ ] NOHFR, FBEFEED
—BTh2imX O IHETH 5.

2. RR_ZBLTHBFNEBESINSIELOBA
eERYME

Hisk Ecox 7o v VoA RE, RN EM
3,340 Tg (10%g) Lx 7oV Vs HhTHRG KXW
D, K& ONHEERE, I 1 HREETH 5.
LD RKNE ZigE~NHR S HOATCRRE T O H 5.
SRR AR R, E 2,150 Tg & BRI, A&
BHag» TR iRt Z&HICRE L, FHamd
Frfifid 4 HEE ©dh 5 (IPCC (Intergovernmental
Panel on Climate Change), 2001). FEEJEPIE, FFic
WYIRI T3, BAEE, S ThEEELS FTERRTL
BWwEEZ SN TV,

Duce 5 (3 1979 4Eic, JERFFED~— v v VEED
T=vx b 7IEET, KKz 7w VIV LFERTRE &
HIE U fe, BITHATHRICHIR FREED 2 Hi b <,
TN 8,000 km b T VT KEOH M ICH KT S
bofe ik L e (Duce et al., 1980). 1981 4EiC i3]k
KV EDE I, KRR 7 o VIVEHCEE &2k M)
PREER B LT, RZEEHZNE L. T OFER,
BRICHEICT V7 RBETIHRAT 21bE (3D DILY)
RT3, RPEEIC & - TEIEN, &S O LR EEH
Jei AT, JbiE~N—=Y v 7iE, rERRET E TIL
MoTWBIZ EAZALMIC L (Uematsu et al., 1983
[418] ; Uematsu et al., 1985a [24]). FrE~ND LRI
FikEEZHES 0, LR RS kb & ik
B PEEIFYIE O R F RO KE DS, KRz L GEEh
TW5 T &EZ&RH L7 (Uematsu et al., 1985b [162]).

& 512 ADIOS (Asian Dust Input to Oceanic System)
fitiE T ld, AR RE O BRERRICB W T, Rk,
KRERIFIRYIE, vV AV b5y PG ERZE %
WICHEAER TIRTE A BRI, 7 V7 KBED 5 DR
B OWFEREAN OB B L 7o fE R, 100 g m T v
SRR 3% 7,000 km &aEiE 4, REER CELEE O
ik ok ik zE, KE{E sl &2/l
(Betzer et al., 1988 [116]). C OHEIRREFOTK T
TIHFRAROSME N F g —ban, AEFEERIAS
CHEELTwz (Young et al., 1991 [118]). HARRA
TEDMD D, KEENHE SN, T — LOKEE
AtofE%E, PIDTEHAIL2pITh 5.

2007 7 5 HIc s L e RIS b o5 6, 57 5
<A Y WEP S B2 8—10km F TET LY S hcH
A, 13 HiEcHisk 22— L, S S5IcHEL, JLREHF
EREOBATHT L, dLRFEFEENLELIZD T 5%
il (Uno et al., 2009 [83]) 7%, FEBINPETIVICEL -
THE s (Fig. 2). Lo L 1980 FERUITKE TR
N7EaT, B AEARCEEE 2 /W U TIRRREICE I
NTOWBHREMER & 50> CEBEX T, TNEREBVIES
5 EHIE L e s 2O &, RAIOED TH 5.

I S—EDOEDOFEE LEEEIC OV T, KRBl
WFEREZED T, IRFNEIENTZTT - 72 Merrill et
al., 1989 [265]). nkJElE, Sk LEickEiizi> K
PRI~ Y V) o & =T 20T, KFEEPRET
Z OFIERADBEERIEYE T b 2 MiRIE T 7 o v v hs, Xt
WE LT EREB L citsnTcnws I EERLE
(Uematsu et al., 1994 [12] ; Uematsu, 1998 [8]).
1986 fEICHE X 7o F = v/ 74 VERFERICEL->T, A
TR EYE R Z R L, HAR RZEEZEL, JLRSF
FEoBNMEC KEHEM T OB el EnE
(Uematsu et al, 1988 [8]) itk - T, RXWEER
Bk % € 7L DL & MRGE D SEHE A o 1 7z,

K&z 7w vid, RRHH» S EIELE Ptk iiE
k- Tilprficbrkan g, HEIRKERERIEEE % K
SRS I EYIAR A E U C— AR = A,
FEoK o AR ek s R I A L, —[lo
BB ICRES N 2R TRICKESBEE MRV &L
2B H L7z (Uematsu et al, 2000 [6]). T En
SREkETIRIEC, BAKBIEIC X » TIhLF oL E &
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Fig. 2. Asian dust transported one full circuit around the globe. Approximately 44,000 km was traced from
May 8—27, 2007 (Uno et al, 2009). By the model, over one million tons of dust was emitted and remained

about 10% at the end of trip (courtesy by I. Uno).

Nhtians x2S ,pic L., SEEDS II
(Subarctic iron Enrichment for Ecosystem Dynamics
Study ID < & 2 #k##i%8 (Tsuda et al., 2007 [43];
Uematsu et al., 2009 [1]) T, winsn@gr2a
KN, WEh T oM ERE, HHEGER, (ARHER 2
007 g VR ORN & B L 2cds, RRCHEREPIR 1 H3
PEEICHIING B 2 & &, fH A DR OALFATIC & -
THS»ic Lz (wamoto et al., 2009 [4]). PEHILK
SEAEFER R T3, W ORI REA: L iz I & -
T, —RUSKRKH DR FH3, iR krELE L1,

Z OFER, /KRR L 7o 2 & E2FERIL,

PESUM R TR & N7 ik & [FERE O IAERER: DS, G
ENTVWAE T EERES -7 (Iwamoto et al., 2011 [6]).

3. RR%BL UBEFE\EESNDS ASERDE

A, W7 Y7 T, AARBEOERLEMDORKN
DRt DS, ¥EIERCH D, HE, FRCE Y FiEPH
Kigts Ligiligarhl & L Pai b AR I B 0T,
A EOBINAED 5 TW5 (Uno et al., 2007 [17]).
F7o, [RTOREEF— 2, WwEREKbO
ERLAMIEEIC> VT, 1980 FLIFERE IO A % /R
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Fig. 3. Importance of organic nitrogen compounds for total nitrogen in marine aerosol and its unique reac-
tion with mineral dust particles (after Nakamura et al., 2006).

L, ZOHEMARGPSDERNEICLEZEDTHS T
EDPRENTVWS (Kim et al, 2011).
RiFcoBhEIc X - T, WRERER T2E 0 AAil
EYIEDS, FISHFRERIOME - 2 ESMIcEEN, T
% SR TS, AR LSk > TERN S C
L&, aRaEor 7)) vl XA 707+ 3
A F 2O BB AL FE A Tic L > THoMIT L
(Uematsu et al, 2002 [75]). & 782 ($hi
BA2LD b, [FUAAERTH ZHEET 2D, K
ELR®TWI EEMENDI (Ooki and Uematsu, 2005
[57]). S ot 7oV VihOREERILEYI ORI
UL, RAQHPBREOSWT ¥ &= &#UNLF
0 b, KRKTREOROIHIRIE AR D 3 & e
MHEOWT EHNDS, WEREILDRETVIEEPSHMITL,
AN O MK ERILEREZ RES - 72 (Matsumoto

and Uematsu, 2009 [4]). Wy FigicBVTiE, KxiH
LY FiE~DT v E=Y LI, MBEOREEY, K
LD o DFRABRICILH L, RIADPBHENDKRERDEER
AR TH A T E AR Lz (Nakamura et al., 2005
(51D). S SIKEEEREERE, BRICELRERE
Fib, RRP TR FICR RIICE L, EXsnT
Wb Enhnh ot (Fig. 3). ®EFRICHT 2KEHE
BREEROEG R, P 2% %L, W7 V708 %s
T HMETE, KEMAREERPERMBERICRES
WEABZ 26D THD T EAR LI (Nakamura et
al., 2006 [28]). Rtz 7 oy Loy L IZo0Th,
PEEBIL R CRBETH D, ALERIREDOIKIEMER S O
LW 2EENEWT EARH L (Furutani et al., 2010
(5]). HyFEToz7 oy VHOMESBES IOV
T, YDEEILRDO—DTH L7 VAV EEY, i,
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Fig. 4. Distribution of chemical elements between coarse and fine fraction of marine aerosol (Uematsu, un-

published data).

s, 'L el FRBEMHMIERIENF BN E <,
NasiEifnds & LTv FIcfEfEd 5 (Uematsu et
al, 2010 [11]) CExHASMICLA (Fig. D). Z1z,
Wtk TEESTE (ATOFMS) 2k 5 H % 0T
DR EALFER S Z T L, RT7 VT RA#ETOgES
AT 7B v, REERRO A RIRPEE D% <,
ATERKHTIE NG P9 ADFEEE & 75 2 iy O Bk kS i
DEE M NNIFOFEAEZI ST Lc (Furutani et
al, 2011 [9D). 95 L TRV LoigERKIEREIC
WA LGP 7 v vuid, EER TPk 1 & 4
ICHFEREANERE L, SRR A Bk IR T2 S 78
H L 7edke, BHERKT 7oV Ik Lchigige 7 v
E=TH, WEAEYORELE L AHSN S,

LR ERFICZHT 2% pH &, HARET
2.6, ALRSEAEALTEET O 40 VWS BIETH D
(Sasakawa and Uematsu, 2002 [14] ; 2005 [101), A
AREYIEZ G T3, BEEY» SRitah s HA
EROME LG L 256055 2 L%/R L7 (Ooki

et al.,, 2003 [4]). Fiz, THEEA AV DWRIEA A ik~
T, WHEICH 2 EOMETHREINTVE I EBbr-
7z (Sasakawa et al., 2003 [19]). HMAFEOE W HHFE
T T2 T 573, RO ERLEY 2N
A8 2 I, WRERIEMR IR & 73 s (LAY E bR E
THHEMAETH S, R ofh s 2 AGREERLE
PNC & e TR AEFE IS 2 5 0EIG 13, BlkST
g4 B &, HEBEERD 10% LI FEETH 5 & B
bonTWa,
SETERNARKKOHEE TR, RhOEHR% [
ELTHBT B 75 v 7 b v Ol ERERDSHE
RishTui., LaLl, RXipoDzEREtE &, HBKiE
BEfbic & 2 RE/KiRO EFAITHES ek b omx b &
HE->T, ZDBECIEHDTOBAIREENREZ SN 5.
Duce 5 (2008 [250]) (&, HUEKEIEOYEEE €
&> T, RENDERILEVONERE, TON
KT ZEE &7z, 2030 FITEA ¥ R EERPEACSEE
IZBWT, ERUHEENHUSEEE THENL, M7 >
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Yo hvbEIINT 5. Fhick - TREHO LR %
DRI S N B DS, Z0DH) 10%h, K& oDEHR
fbaPohEic L s ROTHTH b AN 5.
Lo LIRS, TR bR ZE DK 300 f% 0 HiEkiE B Lis %k
RO —MRAL ZE R, Kb TR L TRAHITIR
Sh, B LRFERDICX B ERBINEIRIRD 3450 2
D END E /RS - 7.

4. BENOKINMHL SN S BFEVERRYME

HEERER DAL, ALFYVE OIS YR 78t i
ko ThylER I SN B0, HIEEYOEGIEE P,
L, BRIcL->T, A RSUAERTIRS N, Elksh
% (Kameyama et al., 2009 [9]; 2010 [6]). = DFEHE,
TRRLIRFED R ORI E N, by 2 Fv (DMS)
ZlI L LT 2HRMEARILAEY) (VOC) (Hashimoto
et al., 2009 [7]; Kurihara et al., 2010 [4]) 73, /K
iRk En, KREHTh (Nagao et al., 2009 [4]),
Rrfban<, ZERz7TaYyLELT, Rz T o
VOVELRS I LA b 72 59 (Ooki et al., 2007 [6]).
DERMS G, BUE, BT RRILKRR> DMS
79w 7 ZDOFEMA| (Griessbaum et al, 2010 [1]) =,
TT7OVIVORET 7y 7 ZFGEICE > THHlE N TV 5.
BHCRRSEETOAERGIC BV TR, JEEEROMEKR
KEHN, ABEFERMEORZE MmO T/NEL, 27w
VOVEEE KWV (Jung et al., 2011 [0]). < ASEEE
KRGERE NT, & L EMAEME N, dwied
Pitcii = 7 a v b A &, BRERE MK 5 -
T, ERRENKRELS R, EOHGPELLLEEMN
5, HB(th—EBREsNs T EiciBs. Kk LTk
BIEZE VDS, FEERINCE S RO, EHMT 2 HENDH 5
Th»h»9.

5. BABFRIEBARE (DABrA] ITLD
;A

RO LWL 30 BEA 5 50 EEic i TOIbKF
PErhfE RS, By v 7Y v SRR T4
WS L, LaL, Mmoo i 2 2517 A
ARBIFICE BTN TE 2 KKUEMNE, b oififFTs

W,

Z TN HERKEBINME [HAD e Al DTSN
fo. BATHEMNIED 2 VIIESREE LT, KK T
o IV SRR Y S HERIE DY « Y NS A — 8 —
Z, BEHET 577y b7 —£THD, 2K 8m,
IE 2.8 m OHfEAI » hEX=2L L TW5 (Senga et
al., 2000). (DAL »A] ITXBMBERKERIZL > T,
=ZFEOKIMEED S TR E ESIT Vv E=T A
AN E N, FEEYSDORER & L TR
TEwunlfEE R L. = L TREmMGFT» S,
HEOVEEALR A DM FENEIN L TV 5 T &% TE
Mtz (Uematsu et al., 2004 [20]).

6. BARDERFARDIERE

M FTOZRMHRBIRE, YR L A
RICOGREIEEEE52 5. UG5 Fclb-c7mvs
7 b RWERET, FHIERRBENBERERER L
L, oM ELD bZVERS. KHEEEMEY T 7
o v OFFITEDN S & 575 serendipity & F TIRLMEWN
M, TOV-HRICER L EEEETH-TEL
POV XA, 1986 4ED ADIOS i o B b A
Wi+ (Betzer et al., 1988 [116]) ®F =)/ 74 ) EHKL
Wk B2 NS HEYE MK (Uematsu et al., 1988
8D Zir»E LT, 2001 FO=FEEKITL 5ERL
G oftss (Uematsu et al., 2004 [20]), 2007 i
W EFEO B (Iwamoto et al., 2011 [6]), 2008 4o
TV a—ve YHEOKIEKICK ZEMEHE, Foux
7 KIS I X B iR IE VLT (Eguchi et al.,
2011 [11), =L CHREICX 2EHREOEELE, Ch
S DOHREMR L Icd, BIGBNKE T TlREw. i
Hofif ETORREICE 2 R&PHTEOBIIICL->T, C
NOoDBIREMRL, TOREEEET LI LNTEL
TEbdbot., IhFETOBIMNT — & 0BG T,
EFNN—-T L, FELETORENIREE TV
THETEZ2PICOVT, ERNSHERIATREL L - T
&t RERFFEEBERED 7V — 7R EOVICER L &
W, LEOFREICERI A D e D1k, KK & EER oY)
HIEROBEREI MR INTXIh I EEZEZ TV S,
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Fig.5. A group photo on the 4" W-PASS general meeting at Jozankei, Sapporo in the fall of 2009. The scien-
tists of 89 from 29 organization were joined the W-PASS project from 2006 to 2010.

7. B&hYIC

N oDMFELFEEZLLE, EonHTH Vb
BEOIHEVERBAMEESRL, EXLTOLED
H 5. ST FBIRO RN S HEPHEE D, SEICH
s nicanthr2iEid 5 2 EMERIN TV S,
WO DS B 2 REE IS, BERFEOH 5w 55
Tickiid 2L b0L2TH S, B OEELHE
HEkAA v =%y b THROoNZHOHRT, BIKAHEA
WEK LT B0, THICHRIO oIc EABEIN, T Fik
(S D, VIR DEEO R T O E RIS 5 2 &
PLE» S Lz, FAdgE»H - T, EFES IGBP
(International Geosphere-Biosphere Programme) @
a7 7uYxy bThsIGAC (International Global
Atmospheric Chemistry ) % SOLAS (Surface Ocean-
Lower Atmosphere Study) OWFFLICHiD > TRz,
FUFEE ICEEBRRISHE &N, bo L5
TL 5139 THS. IGBPIZRH-T, HL{IhEAH L
LT3 EBWNEPAL A TH S Future Earth/ICSU
(International Council for Science) 72 &1 ® HZ[A]T,
HRICEB L T CREEEO TR L L.

W4, KRR 7Zav=7 +H, by 75y volET
KrEESh, EiTahTws, ToHNEEE» S
ETh D, EnEitl, TolREFEINHGEsNS
bOTHB. L LEHARY TR, &k~ oPHEM
ABBIRCBED, BECREINTOEDOTREVE

Ao, HRAOVWERI >TLEHRE, YHEHERO
Bl oA 21213, B b nBlnET Lz, W
BRI TR D IR s S0, [FERIC 2 07 o
£ A EERFEANDHGHA AR RTH 5. bHEICH,
o A2 EHICHE Uitk 2 M AA-omize s, S,
BIBERBF T SIco0 T, HTMEBA CRAHE T
%, PIZIEKEO NOAA (National Oceanic and At-
mospheric Administration) © & 9 75 BB HS A E
TIRIBWVIEAS D,

RKRICCOKRED 5 HABEFREICHET 5 LFHI S
NIcERHE, —HICHREEDTEEAE, £ ot
e EE (Fig. 5) %, WEMOFTHEOEED T,
BEEEORELOHB L LTlddb D iGam >t FF
b FEREE LT, £ AABREMEIAN LTS
Wi, THRE NS - oS F S LEmE R ERIR, ©
L CHEBRSIFSEET, E594 2 v 2 E AR DHFLE
WEED, NEERLEOPEZHORLET T NTVS
Robert A. Duce 7 F 4 2 j2 TR FAEBIZICEE < B
+5. 7, HoFFchmeiticl, kAWML, Hdl
W T LR, AREZ, R, A
¥, Jung Jinyoung, % L THOWIHZEDMEE L LT
K2t G C & 7oA, HE3E, HEHER, BHEE,
ARESHAA SR, dRiEL, IERXEE, ChoolfEicsil
NG, IS bRKEIBEROYEGER % il &
L 7ol Fe g & (L, HIERREIC B U 2 KKBEREY
DRI LTV E W,
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Study on the chemical substance transported
to the ocean through the atmosphere

Mitsuo Uematsu

Abstract

The biogeochemical interactions and feedbacks between the ocean and the atmosphere
affect and are affected by climate and environmental changes. I have been studying the vari-
ability of chemical composition and behavior of marine atmospheric aerosols from the
biogeochemical point of view since the early 1980’s. My contributions to our understanding
of atmospheric aerosol processes are reviewed briefly here: Anthropogenic and mineral dust
aerosols from the Asian continent are found to be transported over the large area of the
North Pacific Ocean and to affect the global radiation budget and climate. Atmospheric
transport of the aerosols, their chemical and physical interactions and scavenging processes
within the marine boundary layer are explained in detail. The impact of atmospheric deposi-
tion flux over the sea surface is also found to strongly influence chemical and biological proc-
esses in water column and affect rates of marine biological activities. Marine aerosol proper-
ties could be altered by feedbacks from marine biological and physical processes. To achieve
the quantitative understanding of the linkages among the ocean, the atmosphere and cli-
mate, it is necessary to collaborate with community of marine biology, physical oceanogra-
phy, meteorology and modeling.

Finally, I am indeed honored to have been selected to receive the 2009 Oceanographic So-
ciety of Japan Award.

Key words: marine atmosphere, aerosol, mineral dust, anthropogenic materials,
material exchange between atmosphere and ocean
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