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ool ZF(aerosol)= A B AAGH H= T ZHo] EAE dir] S
frobe vAdARA, T 7|FHEtel A rEketA gl A tfy] o] =&
aAe 2 d# A Adrh(Seinfeld and Pandis, 1993). th7] & o] 2= A
wel A9 A dojEEI AAF dojRER FEdth A9FH doRES A

Zo] & wiExEE  Ad(black carbon, BC), A< (sulfate, SO&),
A4 (nitrate, NO3) 5ol lem AdF dojzEe sitdsa 22 A4
HAd A wEE= G 9 dAd2E 55 weth 7] T doEES fY¥
HALe]l g 2 Ak S 93] A FEAGAE 24T 4 d=dl(Charlson et al,
1987), Ay 2L Jojz2E: A= HUYEALES 7] 4 (top of the atmosphere,
TOA)C. Z5E F4dte A Feusle] 71odsta, Fads 2o ooz Jats
e HEEAE Abgste] diy] Wom WEWomM dWzhsld g
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2008; Ramana et al., 2010).
7| WM Bl A ooj2E HEe BALZFA #E (Radiative forcing, RF)9] HWH3I=

Eoto] AF-th7] Al="e] oy A] HYPo| FEFE Fu oE Ly ow, o]

2
UTH A7IA, BAREAIH o7 A A VFRE WMAUFOE T3 AREA

AgA =gl YEvs oluAe A2 ¥Etes A

ARG A E ] @9l AlwvE F

EAZAE o2 YEUHORY A2W) W 7
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7] F ooj2 e #B AT AYH doRES FAR F A3 F=2
T gl A9H do2E T Aol A 2013 AT o€ A He AzHd
PM,5 3l 58 &A% 23, g3t A& 5 water-soluble & oloj=2&2

43 54 2 ARH BAgAHel MAE el b mA deon, 444

Ay, AA AHE F water-solubleo] EALE 37} 743

I Tl NOs o] &9 SAdAE] 7 A 7ol Ao Yt (E 4o

riu
N
2
H
Ll
—>|4_AI
DY
_0|L
32

o
=

+43, 2014). g AA oo 2E AR E A B3k 19l 7HE =71, 990
Vg R ol BAGAIF el UEbEth ofsh e AT = 9K Ql oojnE
v gRE g dFEe] FAH] gtrh A AAH e Ee] hF ATE

2w B 33t v el (dimethy]l sulfide, DMS)ol] 93k 3hatad oo 2o A% %
BAZAELE H -023 W/m? 3ol 93 galyd olojzEo] #Hi -0.21

2
ojz& wiEdde] +5 dulke] 74 & 93-S Fohar 2l vk AoH(Rap et
al, 2013). ol9el® A B A9A dojzFo] xFH HAARE FE3H
109 7H2001 ~2010%) sofAlol A oo2F A EAMGAE S s 43
T 9E T FAAGAM g F 59 EAFAEC] 9952 W/mPo®
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Hx=7E 7Hd =& A= Yt (JAE 5, 2013).

AR oolmE T DMSt FAHY comEe] F8 AdH mEdd F=2 S
#2359 A=A EdaEdd 98 AEEHY, sEEdaE B wH ol 3o B9
s 8 T gl E A FtH(Dacey and Blough 1987; Andreae 1997). H=3h
A5 ZHIEL DMSe AFEZ<eAd DMSP  (Dimethylsulfoniopropionate) &
FAeH A vev FHAE FTol we tdE Aoz dyA Adth(Keller et al,

E3 wWE® DMSE §at oz Bopyaly]

k)

1989). &l Fell A w71 =
ol & APl = A el wEA ARstEtH(H7]d 5, 2002, Kim and
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Fael s 2dsed 9ES FAY(Nguyen et al. 1990), 34F (sulfate,
SO )E AT & A7) wEel AFEAL 2 2 V) Fse T JFS v
A tH(Charlson et al. 1987; Hobbs 1993).

DMSe} #dd Sl A5 AEW, d AT o] fH9s ddew A%
F712+(1972d 3¢9 ~2009d 2€)e] DMS ##H ARE o]&3te] DMS v&% 9%
DMS flux #+32& +43dt. 7 23, DMS 55 T9%5 2 19% dgofA
=& DMS(Hx TM)7F yEeERd wbd DMS fluxe® S8+ A =26 Tg/yr)ot
G A9 2 FHE@8 Tg/yrolA =A At=% %t Lana et al, 2011). %3
2000~2100% F<F 71 §W A2 2 (IPCC SRES AlB)el <4 DMS 5% &9
Adte] wEw A 1861~1890d el HlE} 2061 ~2090 wl e DMS flux7} °F
10% aske o=z ddd v Arhk(Kloster et al. 2007). o] fol% -2}

B4 AgelA 1996d 1€9(10€7h) #5% H a5 sx=% DMS shs 4434
nMo =z dub Qdetsige] W DMS sk FAY FEo= dewth =9

#2¥ DMS 552 Ea& A4tE DMS fluxE B 3.1+6.8 pmol/m*/day ©l o™
AEE DMS fluxE 0.02~23 pmol/m%/day7kA #H8kA debgth(A71d 5,
1996).

IPCC HaAe] w21 ik dojz2Fe] F8 #lE&Y-2 Biomass burning
2%)25H B4 A4 7 FA/AE Ax
53 Aola, &g AEA ZFAE 93 DMS (dimethyl sulfide)
1 & 7F(19%) 22 vepdtiar Bag vp JHIPCC, 2007). FAFE o2& F8
HEdolA AA wELe] 97 v o] EAT A AEe og DMS
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R 7] FHEte] 2 FdFe vE = 7] wiel dwbE Rl DMS fluxe] &7 FAl <t

AT S5 DMS HES #Ea7]9 A-FUHAA Al Wol W o)A
DMS fluxe] 47] %4, DMSel % #4ed olojzEe] Btz 5o A
o2l ¢ Aotk WA ® et DMS fluxel AwAel g7 FAle F1

AAE F4 % A f& 9 2 Rdy ARE ol&ste] dA 5 DMS
fluxs 2bEstch e 3W(2013~2015%)6 <k Folalel sl Al skE¥E DMS
gote] Fard g grEAIHY Rds Fsidon, ol F

T Aol ZZ(DMS-related aerosol) =, #Fitd<e] F3 54(A0D)Y HALE I}

(74 BAgA)E BASLA )



o. #xs 92 ¥4

AT gAGA FokAlol al(eF 29°~45°N, 112°~135°E)ll#] DMS
AA AAF4 DMS fluxe] 7] FA19 DMS  fluxel
FIFE T T8 AAE FAGA A 1611 (2000~20159)9] 18 #S
g omday 4yl 285 o] &3t DMS fluxE A&t DMS flux AHE A
=2 =29 a(chlorophyll a, Chl-a), &35 Z°](mixed layer depth, MLD), 3/%
(sea surface wind, SSW)¥} &4 2 %(sea surface temperature, SST) 5S¢
A5 7 AbEE o™, AFEAQ DMS flux AHE W& 22860 A8 7]&35A

T3 98 S ARE F AFEE DMS fluxE o]&ste] A5 DMS fluxd

0°~60" Ate]lE 10° HHo= = 0°~10°N, 10°~20°N, 20°~30°N, 30°~40°N,

40°~50°N, 350°~60°N, 0°~10°S, 10°~20°S, 20°~30°S, 30°~40°S, 40°~30°S,

50°~60° 502 & 12709 == grste] dwst B dwsts duuEgti, T8

24:(Chl-a, DMS, SSW, SST)E% 7 &43te] DMS fluxete] A= 2o

A ESITH 714, 607 o] IREE HiFE dFo® ¥ v ddomA

SSTeF Chl-a¢l A&94d = Axo AR s & dFolMd= F5olst
5

n9lw A0 ol Aesark. AWl DMS fluxe] g

ARWe F2 F da FAT wRsE 4md S RS 96



iy

-8 ¥l tH(Simmonds et al. 2004; Anttila et al. 2010).

Fofalol oA oojmE: Fst 5 B BAGAES FAEr] 9% vz

Ages F 3WdgH2013~2015W7HA]) wofAlol s QIeAd #S5 s 2

9 ARE olg3te] DMS fuxd AEsHAch 5

dEEkr] flal e Ane dEeA AR 8d @A =(8-day Composite)E

Tl TSN (SSW AL]), olet ¥HE &L 22" AAE yEHH
o] Folrlol dfHe] DMS flux AW3Ie} F8

8.2:(Chl-a, DMS, SSW, SST)E¢°] A]-&zt LE wASATH B MEAHoe=w

AA 24 fsll solAlol dl9S 4° A= F 29°N~33°N, 33°N~37°N,

2
Mo
l-M

37°N~41°N, 41°N~45°No.2 F&3ste] DMS fluxet 37 =8 84 (Chl-a, DMS,
SSW, SST)E9] Al-&3t ®sE 483

Folrlol & FoA DMS #H#H oo] ZFH(DMS-related aerosol) =, 3AHY
qolzEs FAHsIRLH oF Fi doREY #FEEH P EAGAHSE
FAsA. Fst 54 B BAGAE FAHS fldl ol8d Ed2 OPAC (Optical
Properties of Aerosols and Clouds) X2 €% SBDART (Santa Barbara DISORT
Atmospheric Radiative Transfer) E@o|t}. OPAC =499 d&Exs FAAS 93l
Hess et al. (1998)°A] A€ F4 2] o]g3 DMS fluxE <% %=(number
density)® #3Feldth. Hess et al. (1998)o] w=w  sfd-t7] DMS fluxe

Ak o] 2= 4284 Al (water-soluble ion)2.2 7FAE 1 Ut FEE

N
2
>
o

FAX ] #AE AAT Ao 224 wd A AAEIT OPAC =Ede] 33
EAGEs W) e 71 E8A Y 22 SBDART Fde 92 A= ALgHH
ol5 F3 A K (surface, SFC), W7|d(top of the atmosphere, TOA), t7]
% (atmosphere, ATM)el| A o] 23 # EAGAHS F4 33T

OPAC Rdo|A At&w 33 EXNES Y

=
J{m
o,
flo
>
A
e
32
K
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Bk 54 dubel AOD(aerosol optical depth)E Al-&3td oz E2A&9 T,
DMS fluxellA #Ad A3} o] AODE A/E/Ad Wsts 4° A=
TRl Ay Bt T3 MODIS  (MODerate  resolution  Imaging
Spectroradiometer) AOD =, ¢ A2 o2 Z3 AAHQ ooz Fo] E3HE o]
A+ AOD¢ OPAC B & F3 &4 do=2&9 AOD 719 &S FH3A

Sh



2.2. DMS flux A= "y
2.2.1. 314 DMS ¥ =([DMSl.,) *&

ARt oz sla= DMSOl afgolA #xst Hol A7) wEel 2 Aol
ol 7]z wek Zgol Jefz DMS flux’t #l&% 3 A tH(Archer et al,
2010). =, DMS flux== DMS -sx9 algoAl 729 L5 o] &3t
AEE oAk 2 dTedAE dEdd As 9 2dE
DMS &Xxe} #|gelA di7|Z2e] ddEHEs 4Es § of#jek Zo] DMS fluxs

2= A
Foms = kw[DMS]q (1)

o714, Fpust dlFolA tizlZ¢ DMS flux (umol/m?%/day)E <¢Jw| &b,
[DMS].,&= 3l DMS FZ=1mM), ket 3FlA di7|Z2¢9 HALEdHEZ(em/h)E
Uebdth sl DMS sX% Chl-a sZ(mg/m)e £¢3F F
depth, MLD (m)E ©]-&3% DMS 34 diudas 3 Y 1 42 vda4

ZtH(Sim6 and Dachs 2002; Gabric et al., 2004).

[DMS].q = ~Ln(MLD)+5.7 Chl-a/MLD < 0.02 (2a)
[DMS].q = 55.8(Chl-a/MLD)+0.6 Chl-a/MLD = 0.02 (2b)

AT713HERH2000~2015 )l A+ s el AbgEl d¥ Chl-a AR=
NASA (https://oceancolor.gsfc.nasa.gov/)ol A Al-&3F= 9 km &3 A= 3129
Aol WEALE 2= (Remote-sensing reflectance) S o] &3] Td F=z=2d duds
(OC4V®6, https://oceancolor.gsfc.nasa.gov/REPROCESSSING/R2009/ocv6)S A&
o Z=22d A5E AAdsAH. AL 3Wdz7H2000~20021)  SeaWIFS



(Sea-Viewing Wide Field-of-View Sensor)9] WHAlE A8 E A}R3F AL L A
131 %H(2003~2015%1)> MODIS®] WHALE A5 g o] &ate] A A77]|3F Fre
Chl-a =% At=8taith. &4, sidel A 7z dEEm(d 3 %) 4hso 2
23 SSWE Tl =7F 25 km ©]22 9 km #3784 ES Chl-a ARES 5
g HEEES kmE BFEE AYES Stk NASACA A= SeaDAS
(SeaWiFS Data Analysis System)E AF&3Fe] 25 km 3l %=<¢ SMI (Standard
Mapped Image) A=A AE=Z AALSATHMcClain et al, 2004; IOCCG, 2004,
2007). &3, FolAlo} sl 2013~20151d F 3:d%Fe] Chl-a ARE FHELE
km¢l MODIS A3 2ZHE dojz 8Y A %= (8-day Composite)E =& T3
.

Atz o] Ao g A7 U AR tE2A o] &E Atk 2000 19 ~2004d 1292
SODA (Simple Ocean Data Assimilation), 20053 7€ ~2008d 12¥€2 FNMOC
(The Fleet Numerical Meteorology and Oceanography Center) A&, 2009 19~
2015 12€> HYCOM (HYbrid Coordinate Ocean ModeD)<] €®¥ A7 E o] &3}
&3 tH(http://orca.science.oregonstate.edu/1080.by.2160.monthly.hdf.mld.hycom.php).
o714, 20051 1€ ~6¥7kA+= MLD #89 HAZ s 717+ DMS fluxES A
Z3t F glo] B4l Attt MLD A5 = ¥H2 Ocean Productivity $§A}o]
=

Nz T H=7F 1/6°2 oF 18 kmelw HDF 2o =2 AlFsta vt =, 3

4>

DMS % At&e] Z Q3% Chl-a ¥ MLD &8¢ s d=(d2 25 km, 18
km)7} A2 27 giEe] o2 XA E AAS AX7] Y8 AFH T2y
(MATLAB, FORTRAN)S ©]-&3le] MLD9 #3tald= oF 18 kmE 25 km=z #
3slo] HEHOE DMS ¥% A= o] &3ttt FolAlol adeAE AF7|7H
(2013~2015)%5 ¢t Ocean Productivity $JA}o]Eo A Al&3tal d+= HYCOM =9

ofr

o 89 ARE olgaHom, FhALEE Chl-a A} T

A4 akel SasHach

IAE4 kmE o

AN Se) AEY za
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dmrx oz gl HrIEe AEdEHE(kyE AAFTGEIE 10m T,
SSW)}  E-2F8HAF %= (Schimidt number, Sc) A& 2 AFEdE 4= ¢Jth(Liss and
Merivat, 1986; Wanninkhof 1992; Gabric et al, 1995, 1996). ¥ oAM= k=
2b=317] 918 Liss and Merivat (1986) 448 o] &3+

ke = a0.17w w <36 0 e (3a)
ky = B(2.835w-10.3)+0.61a 36 <w << 13  eeees (3b)
ky = B(5.9w-49.9)+0.61a w > 13 e (3b)

714, wi &4 10m F% SSW (m/s)E, a=(600/Sc)”” , B=(600/Sc)"*&
ol m] &} SC:2674.O—147.12(T)+3.726(T)2—O.038(T)3°]‘jr. Sc Al 4Yed T+
e 222 SST (T)E 9v] g,

ARG dlger] AFEE €' SST #E(2000~20151)= MODIS #As.9] SHA=
e 2000~2002-9 AVHRR (NOAA Advanced Very High Resolution
Radiometer) A5, 2003~201513<2 MODIS AR5 E ] &3AHF 4% 9km).
SST #A=7F 9 km F3tsidEoln® SSW Az et I3 4 =25 km)E %57]
sl Chl-a®} vxb7FA] 2, NASA  SeaDAS =Z=2Z IS AF&3te] 25 km
SR d =Y SMI A As 2 A4 sk thH(MceClain et al,, 2004; IOCCG, 2004,
2007). € SSW A5+ 2000~2007d-2 QuikSCAT (Quick Scatterometer)ol A,

o] Al o A3 2008~2015d2 ASCAT (Advanced Scatterometer)el A
=3 A8E olgslygErd, o AFE IFREMER  (ftp:/ftp.ifremer.fr)ol A
AEets Level 3 AR FRFEE 25 kmolth w#, FolAlol 3]edA

AREE SST(2013~20151)+=  8Y3F 4" MODIS #AsE 8al SSW

ASCAT?e €¥A5E 8Y Aa=Z Z3kste] o] &3t L3 Feld s 2T 4



2.3. 24 74

B AFo = DMS THE oo] 2= (DMS-related aerosol) 3, Aabdol <3k
dejREol FEAFES HESH] 9] OPAC RE& o] &3F3ith Hess et al
(1998) =+ol W=w, OPAC EHE 343 Ao o we} ooz 9
2 AEo FIEAN(FFA S (extinction coefficient, 0ex), AF#HAS=(scattering
coefficient, 0s), 22HA<=(absorption coefficient, o0.,), AOD(aerosol optical depth),
A Ak ekE) = (single  scattering  albedo), $14$H=(phase function) %)3 WA
g 5AS AEsE Rdo|th T3 oojZF 2 water cloudsoll tahe]
6170 3}74(0.25~40 ym H <), ice cloudsol thale] 6770 378(0.28~40 pm H <)l
st FeEA o A=l Zhsst 8 Jhel s (0%, 50%, 70%, 80%, 90%,
95%, 98%, 99%) & A&d = Atk OPAC REL ofoj2Eo] Ao 7]zx31d]
&, =AL A Y, B, "3 doERER ERetel 3 & 5+ i 1070
39 o2& AE (insoluble, water-soluble, BC (black carbon), sea-salt 271,
mineral dust 47/, sulfate)¢} 671 3¢ water clouds (stratus 27, cumulus 371,
fog), 370 389 ice clouds(-25 C, -50 C, <-50 C)ol thsle] z}zte] FsFEAS
%3t 4 th(Hess et al., 1998).

B oo A= DMS ##H o o] 2 (DMS-related aerosol) =, 4L oo 229
B 5A4e FA7 #ldtel Fokrlob sideA  Ak=E"® DMS  fluxE
% S (number density) = H3+ste] OPAC Rdeol 48 zmz ALE3FA
o714, d71= wjEE DMS fluxe o8 4kt #43 st8k phg-& F3
qojm=E Frtdor AT webd FAI G et 7HE kel
dojZZo] EF FEEd 1500 em e A4 A E Al AHE3stel HEF DMS
fluxd F5EE AAsY TS, DMS fluxx1500/Total mean DMS flux)(Hess et
al., 1998). &L @utd g9l F 2470 9(0.3~40 pm WLl g F3)

)

%_}\
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T
2=
T

A
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ER(2AAE, AEAS, E5AF, AOD, ol 43ts: 5)S A& g7d S
(2008)o1 = 2:d7H2004 6€ ~20061d 69) FolAlol dld el 9T o]of=
sl Aol A BEFHE e BHA 814+10.7%, oI5 HS 83.8+4.1%
HeAHIY ALHEe A7 626+7.0%, 63.7t79%C 2 UEGO uAds F
(2009)91 M= 2008 69 24U ~79 25U7A ] olojk BEIA Y AUHFEE
Bt 929 %9 81~98 %o Had u k. olg Ay A4E wgoR
AdEEE AYxAS melste] 80 %= AMeEsle] OPAC ZdS 334

dol2Fe] A4 Z2AdL dF AFAGA FopAe} F

stom dojzE sthgite] FHEEV AAFT HelA

2
B\
o
1o
o
=)
h
o

g

=
ol
rit
X
I
2
ftlo
©
op
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B oAfo A= A ooz Ee] A HZA EAGA| = (Direct radiative forcing,
DRF)& 437l $sted W= Santa Barbaradl i ZAglxyol digulelA
ke 7| 54 S 2del SBDART 2E-& o] 83519t SBDART 2d2 o}
99 025~40 pm, F3 449 40~100 pm, A %

DISORT (Discrete ordinate method)& 7]¥Fo2 3to] HAY &4 & X274
A w7l ek e Hg-gu BAF AEs Adbele Edo]th(Ricchiazziet
al, 1998). =Edd F3S 3 98 ¥ 2 2AELS INPUT g oA
Ao EAGAE S AEe7] 98 2o E o] &Hm E AFoA HAGAH
A& Al o] 88 INPUT 3dS Table 1o YeERHTh INPUT 3 9ol = AL-§-2}
9

P 0.25~100 pmellA

off
o

ofr

1 F712 o]& 7}s3 3<U(atms.dat, aerosol.dat, albedo.dat, filter.dat %)°]
o B Ao dgojzFd 93 EBEAAAEHS F=AE 7] 93l ‘aerosol.dat’
de Fr7tE AP eH o] 1de OPAC EddA F4E dditaddd=
AOD, 948+ 5& 48 As=2 ALESHUTh =3 SBDART EdoA:=
71EH o2 shve] AAHI sihe] Altdiel] disiA HAMGAE S AESHAHE H o
A=, & AFolMe Al-etHer FA EdES 357 9 ‘latlon.dat’

hele Al TRaWS FYSHAoY o Adde I, A%, AEE VAR

s

EAREAEE FA87] s ATl AFd md A ol9d= thEa e

REgs s WA, dabd g9l E8kh= 03~40 um

A(F 24 el o= AAsisla i

Qleff el el A Fobrlop s} 7pF FAREE USEAM=®E7]) Z2ads
oj&stitt. EF cojREo JFgwrE AHRY] f&) Ld=

default #(-Do2 HsAom(Table 1), *+&o @@L d7) #we s

RO Jpgstel A FHsAT BAGAE Gee &

m
3;1
e
rlo
of
S
>,
S
r o
e
>
il
4z
2
fr

Ho
=)
)
ofl
ins
S
>
=)
rlr

M ooUAR W'e® BAZAE F4 dolzFel i Afs gl ATE

T eklvh R EARGAE FAol 1o A E(surface, SFC), 717 (top of the

ME
off



atmosphere, TOA), 7] Z(atmosphere, ATM)2. & ¥ 7F3te] Downward flux2}
Upward fluxs FAslon, thgd 22 43 A3

A3 2 g7 BEAGAIE 2(DRFspe, DRFros) oll2Fo] A& 459
EAZE Y 28 ooj2 o] gle A5(5, AOD=0)9] HAIEH 29 A= ALlo] wHm,
7 BALRA DS net flux = ‘downward flux (FY)-upward flux (F')2 A2t= ),
w3 g7l T AFA  BAGAIHDRFarw)S W71ETHTOA)S A% A
ARG AE I A Z(SFC)O ARA BAGAESY A= Ajtdn ol& A ow
YEb™E vhE 3k 2

DRFroasre = (F*-FDroasre = (Fuo’ ~Fuo Jtoasre oo (4a)
DRFATM = DRFTOA - DRFSFC “““ (4b)

o714, F= W7l < o2&l v A5 HAZHAEE YUY, Faes

dojz el Y Age BABY~T v g,
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Table 1. Example of 'INPUT' file namelist in SBDART model.

&INPUT
1sat = 0,
nf = 2,
wlinf = 0.3,
wlsup = 4.0,
wlinc = 0.05,
sza = 0,
csza = -1, latlon.dat’ file = iday, alat, alon
iday = $iday, * iday = mothly julian day
time = 3, * alat = latitude
alat = $alat * alon = longitude
alon = $alon
1salb = 4,
idatm = 6,
uw = -1,
uo3 = -1,
xn2 = -1,
x02 = -1,
xco2 = -1,
xch4d = -1,
xnZo = -1,
xco = -1,
xnh3 = -1,
xXs02 = -1,
xno = -1,
xhno3 = -1,
xno2 = -1,
lwp = 0.0,
nre = 8§,
jaer = 1,
laer = -1,
zout = 0, 100,
out = 1
nstr = 4,

)
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3.1. MX| DMS fluxQ| A[-Z7Zt B3| A =) FH 2AM

2 doA = AA A DMS fluxe]l ZA7¥Hs FA4A 2 F8 AAE 16172000
~2015) AAF GG sl DMS flux 2 F2 24(SST, SSW, Chl-a, DMS)
=9 Al-E 5A4ES AR EgTHA (1) FX). Fig. 12 AAF #GelAe] A7
7H2000~2015) 5 ¢kl A DMS fluxe F7HEEE yebdch 23 2 by
(2248)ell A Axgk vk} o], 2005 = MLD #AE7F 6719 &< §le #AZ =
B EAelA 200563 S Al &

AAF el A FHEEE i TAEB0°~60°) Tt A9 =(0°~30°) A
DMS flux7} @ol] Z&Xatal glow, i dotwe]st & A3 7hej 8] <
HO°N~20°N, 45°W ~75°W) ¥} o}z g]7} HAfo] 9125 R et o} AQMI10°N~
25°N, 15°W~30°W), T35 &l 91x]g ofgr]o}s] (0°N~20°N, 40°E~60°E) &
o] 3| g4 DMS flux7} =4 YEtve S & 5 Utk o83 FHEEXE 3
1972~1998d &t AAF o] s JolA FHE DMS flux® AHT EEL8 A=
A HElS B th(Kettle and Andreae 2000; Kloster et al. 2006). 2000 4-E]
20153 7kA1e]  DMS  flux®e] <Ad+ g2 1.14+1.77(20001), 1.12£1.73(2001d),
1.05%1.69(20021), 1.06%1.66(2003%1), 1.01£1.90(2004%1), 1.08+1.93(2006%1), 1.12+1.99
(2007d), 1.09+2.01(2008%1), 0.94+1.57(2009%), 1.08+1.61(20101d), 0.97+1.61(20111),
0.88£1.49(2012%1), 0.94+152(2013), 0.91+1.63(2014%1), 0.87+1.56 pmol/m?*/day
(20159) .= 2000 5-E] °Fte] A B FUFE WX AAAQl FAE Bk

0

S uf Az ZAstE Ado] Yehdrh A¥d DMS fluxeE 2001d 1.12+1.73 n
mol/m?*/day 2.2 7}4& =4, 20150 & 0.87+1.56 ymol/m*/day o= 7}4 A =4
= a=
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Annual mean DMS flux (2001
PR ' . YD

i y # o i s
PEL30°E 180TW 1507 oW a0TW 30 3 3 i 1201 L30°E 180°W  150°W WFW AW 30"W 3 s 0" 'E O 120 PE 1500 1307 W G0TW 30"W

Annual mean DMS flux (2003) Annual mean DMS flux (2004) Annual mean DMS flux (2006)
o Lo Y WA am R ¢ . y

%

-

(pzmol/m~/day)

6, i e . - e 3 il - I S L BN . ot Lo
w'F SO°E 120°E  1%0°E  180°W  150"W  120"W  90PW  G0'W " ' " GOFE  120°E  1%0°E  180°W  150°W  120"W  90°W  0'W 'E W 120°E 150°E 150°W 130°W  120°W SOFW a0"W 30"W
Annual mean DMS flux (2007) Annual mean DMS flux (2008) Annual mean DMS flux (2009)
o ' i I Vi 5 ‘ v TERS N 2 f g - . B
vk y i % o A - -+ L R

Fig. 1. Spatial distributions of annual mean DMS flux (umol/m?/day) during 2000-2015. The DMS flux in 2005 was excluded

due to the unavailability of MLD for calculation the DMS flux during January through June in 2005.
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n DMS flux (2010) ‘, Annual mean DMS flux (2011)
g 3 "l ; ‘ 5 =3 I ' 4 I 1 ' ..-'1 2 ' b Y

Annual mean DMS flux (2012)
L7 A

% 9

G°E O0°E 120°E LS0°E IR0CW 1S0°W 120°W 9I°W  60MW " 0" W'E MPE WPE 120°E LS0°E ISOCW 1S0PW 120°W 90°W eW

Annual mean DMS flux (2013) Annual mean DMS flux (2014)

- 4% 9 -+ % 9

I20°E ISOE1SOTW LS0CW D20OW O0PW 60TW
flux (2015)
Y £ F ™Y

% 0

£l w7F O0FE  120°E 1S0°E  180°W 150°W 120°W 90FW 60TW 120°E 150°E  180°W 150°W  120°W G0TW G0TW W 607W 30"W

Fig. 1. (Continued.)
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Fig. 2% A77]7H2000~2015)5¢te] 91% F2-E(10° 7+4) DMS fluxe} ##
22 (SST, SSW, Chl-a, DMS)9] W3t A AES et Fig. 29 A%+
B DMS fluxts Hubtel @bt 25 20003004 20153 0.2 &42 v AEH
Zaste A4S Roli gtk Fig. 19 FHEXS wxzb s giAz Bk
FOAYE0°~300914 DMS flux ol Eal F9%(30°~60°)°l
TWhESE Fhol W Ao ® YERSU(EET 30°S~40°S Al9]). 1 F Eube}
10°~20° F3re] 7bd ko Huk 50°N~60°N, i 30°S~40°S
F7re] 7H vhAl YERS
W, Saktel A 20079 Wit 223+3.04 pmol/m*/day oz 7+
=AYb w2015 0= 1.64£2.16 pmol/mY/day o2 7 A FA QAT
kol A= 2001 9 2.05:1.61 pmol/m¥day o2 7HE  Ea 20154
153+1.57 pumol/m*day o= 7F¢ StA Yebgth. DMS flux7b 7Fd =74 vepd
10°~20° 9% F7rol M HubiE 20063 20079l 22 4.19+2.69, 4.13+3.13
pumol/m%day®  7Fg =A, @WrrelAdE 200683 2007del  Z7F 3.69+1.35,
3684137 pmol/m*’day® 7} =7 JERTh 1ot Eukgol Al 20029 2
20080l ZFzb 4.08+2.299F 3.94%3.04 pmol/m¥/day®, WHFE 2010, 20024,
200810l 3.66+1.19, 3.65+1.48, 3.64+1.33 pmol/m*’/day® %A Uvtebsith Eukie]
P s % 7R 50°N~60°Nel A& 20090l 0.36+0.58 umol/m?/day & =
7 GEAlL E R 30°S~40°Sol A= 20159 ¢l 0.33+0.37 pmol/m*/day® 7HE A

AW
e
-
td

]
A9t 2ol DMS flux7F HHE 10°N~20°N 1% F+3FellA 20061, 20074,
20024, 200833} HRE 10°S~20°S 1% FFAlA 20069, 20074, 2010,
20029, 2008\l =A dEhd 4L 9o} B2 dRdd #E E I A
SSW(6 m/s o]’hH)et SST@6TC o) ZF7t= sl 7|2 dAdE=rt
7t o2 A DMS flux A =4 YEbd oz FFHT A7 5 AA T
sljol A SSWeb SSTe] ZduAls A4y 2 23}, SSWe r=068722 SST+=
r=0.6852.2 73 4o FRAAE Holu FAHoR {FosA e tH(2H
A9l oln oy APAFAAE FEHI DMS fluxe] <o FAAAE Yed
ATAyrE dxE v QoW (Saltzman et al, 1993; Andreae et al. 1994; 7 7]&

g
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i

s, 1997) °l& SSW7F Zata mlad SST7F B8543 ALdEHE7) Eolgdozy
DMS flux7t #=old 4 Atk A& AlAFSHTL

A, A= AR AR DMS fluxet FAFSHA SSTE SSWE A 9] ol A
T F9ECA v =S el JARKSSW Rk A9]), SSW
Gk e F oA (40°S~50°S, 50°S~60°S) HlmE S FL(F 6~8
m/s)e] WEgSol = Eetn DMS fluxts Aoidos A UehdA gkt
1= o 9% F3elA = SSW7F UeggodE EFeta doyoz v
SSTZ & sgellA dizlze AD&Emrt 4aste] DMS flux7t Bl w7
H Ao FdoEc

o

o

£
Chl-a #%¢ DMS %% Afg=dA =4 uyeld DMS fluxet g
FTHALZAA =A YERI JITHDMS @Rk Al9]). A7 A 3 o ol A
DMS flux$¢} Chl-a9] A ##A= r=-03992 2 29 A##A, DMSE r=0.1762.2
Fo] FAAR FAASE FosA yetwth(adE AL, AT+ Aol
b2, DMS AAd 7193h= 3 Chl-a v% #AART F22I(ChDe F
(SRR rEF)7F 78 A9 AeE WExl vk dth(Keller et al
1989; Yang et al. 2014). w&td F zAHo] w2}t DMS AAFo] =EhA
HFEHo=2 DMS flux7F €2Hd 4 gJorm=z DMS fluxet v& s HQ
Aoz HAdd, 3 DMS flux®t Chl-a9 3t xE RU(adE A9) A=

o,
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6
Northern Hemisphere [—— Southern Hemisphere
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Fig. 2. Yearly variations in DMS flux, SST, SSW, Chl-a, and DMS
concentrations for each latitude band (10° interval between 0° and 60°) during
the study period (2000-2015). Their values in 2005 were excluded due to the

unavailability of MLD during January through June in 2005.
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ATF717 FoH2000~20159) %= FHEA0° 7ZA) DMS  fluxet #¥
2 2(SST, SSW, Chl-a, DMS)9] dw3sls 23R Jth(Fig. 3). DMS fluxZ
4z AdEd Edd s Aed  12€o]  261£291  pmol/m?*/day o=,
gk ol oEA 690 2124217 pmol/m¥/daye® 7 =A dEbsth

Som Bulpe 193 79l zZbzh 239335, 237£378 pmol/m*/day o =
Gk 293} 19 ZbzE 2.05£1.67, 1.95£1.64 pmol/m¥/day &% A vhERE o
SA Ued 98 Foukp % 1090 zZhzb 1724239, 1.48+1.92 pmol/m?/day
ot Y E AWEM, F vy B giFEe AfE A w1 9=
TRl A YA YElytth 53], DMS flux #te] 10°~20° thiEE9] 9= 7oA
7FE A YERY AL 50°~60° 1% IRl A ZHE Al LR

o]# g DMS fluxe] ¥Wsle tE 24 & SSWr7 /b8 SAMsHA 22 9
Tl A wrgo]l yEhdth o2 59, DMS fluxE 10°N~20°Nel A 129S

Aoletais 149, 29, 69, 11¥€] AUdoe=z =g F HAR =& 9= 7kl

k1

0°N~10°NellA 44, 108l Hadts B Hol=dl SSW A ojgf e 9%

PRbol A il wkgkom] ot SSW7F DMS flux Z7bel 7]eld Aow wudn
A, SSTE AYmelA Fn FImA ©e #4183 FFS HIoL DMS

fluxoll A =A yeld 129, 14¥, 29 5 A& SST+= HlwE YA LEst oy
Chl-a2} DMS%® DMS fluxet 9= #3HE =2 & gbx] kgky,
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Northern Hemisphere Southern Hemisphere
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Fig. 3. Monthly variations

=

in DMS flux,

2 3 4 5 6 7 8 9 10

Time (month)

SST, SSW, Chl-a,

and DMS

concentrations for each latitude band (10° interval between 0° and 60°) during

the study period (2000-2015).
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DA oA e] DMS fluxE Eubtel Gub4ts FE8le] AHt Ws
HktH(Fig. 4). DMS flux®e] H¥bg¢} dabto] Ad S HH, 5147}
o DMS fluxE &40 2 AuEols o gARZ st A% At
WhETE = DMS flux7t e AS ERlstAthFig. 1 %), o]& At
A QEire ale] vka gokdo] FHe] wite] Chl-a 5% % DMS % 9
Al glsfol e Aotel A =olx DMS flux HA 9GS e Aoz FAHAG(H

Z3 5 2005 Yang et al. 2014). webA A7 @& BEubto| A Gl R T A

T ORE (&R FEbh Y] AT AE BV e Q
2 gukt= Q=-0.030 pumol/m*/day per vear® & ZAFAlE= A fAlstA e
e 2s #2995 v

AT717H2000~2015\) &t A7 FAE AR AyET] &, AT
Az 2 AbEE 9 DMS flux 2 #H Q4 (SST, SSW, Chl-a, DMS)E o] &3}

ofzhH| o}l (0°N~20°N, 40°E~60°E)¢} otz e]7p HAfo] 91x 3 R ey ol A<t
(10°N~25°N, 15°W~30°W)ellA A7 24 vdeys Aoz Bt 7 +
A Bol= s dotuel7h 5o AT JheHe] AMON~20°N, 45°W ~
75°W), dotrE]7h Hebd R AQH(A X F-F, 35°W~50°W), ot 7 B
& AKGS~10°S, 30°W~35°W 20°S~30°S, 35°W~45°W), T = H.s}o] 32}
ZFall ARMB0°N~40°N, 120°E~125°E), A'Fobalobe] ¢12H20°N, 60°E) Tl A et
ok g 9ol A e el (27 15°N~25°N, 150°E~160°W) 2} e A <
E=(0°5~20°S, 160°E~80°W)ell A4 4 S 7kA17F vEbso.

HEF R HHEE A= el ST FA
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B F7 FAE, ST E dmcFelA Bl Tk FAL
UElstth Chl-a $%% DMS flux®t WHHE fiRE A9 xo)x
Holil FREA = F7F FAZF YdEY DMS fluxet sig¥ FA417F S YAk
Uetd Aoz dAduu, dxT 7] FAAM = SSWe DMS7F 7HE FA 7L

oy
[
o
=
il

SAFSHAl YENY T 247 B3 How xgsle] Av|H oz DMS fluxol S
n &= Aoz e

AT-717H2000~2015)&QF AA - S Foll Ao (Frk-, WRkt) 9% F7HE(10°
7)) 2 AEEZ DMS fluxe] dF+ 71 2 FAE EA487] fl&l MK
AAS  FYPsAH(Table 2). HFHbFoA = Fr -0.029(-0.001 ~-0.036) 1
mol/m?/day per year, ol 4 -0.030(-0.011~-0.051) pmol/m*/day per year
o® h FAZE deien FAHoR fod oz ERITHI0°N~20°N,
40°N~60°N<} 10°S~30°S #19]). Ald™E=E B, SRkt s ASEH 487 9% 3¢
= Alstal R Y%= el A FATE ey Aol A =LA FHAst
= AEE BEQth dE 29, 5388 A% 0°N~10°N #1%= kel A -0.044 1
mol/m%/day per year, 9J&H & 20°N~30°N %= F7rolA -0.064 pmol/m?/day
per year, 72L& 10°N~20°N Y X=77Fol A -0.042 pmol/m*/day per year, 7%
AL 0°N~10°N 9% F7kell A -0.052 pmol/m*/day per year &2 7} ZA 7+
FAZE detdE A @A 5 Ak olek midiE Hukgt AEE 2 20°N~30°N
A% F7rell A +0.030 umol/m*/day per year, 10°N~20°N ¢1%= F-7rell A +0.006 u
mol/m?/day per year® 2 ¢F71e] Z71FEAE Btk dulpoaE oo AA
o A& oA FHAdhe FARNSH(AFHE 10°S~20°S A= Al9]) Hrkeh &

g FHAEAA FaFAZE A YEst dF 9, dt 50°S~60°Sel A w53

LR

E

il

H

ftlo

o =-0.054 pmol/m%/day per year, 9l &H< -0.025 pumol/m*/day per year, 7+<3
£ -0.040 pmol/m*/day per year &= el BbH AL A 40°S~50°S Y%= -7

ol A -0.074 pmol/m®/day per year®.Z A A 7FAdtE ATFS BY
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Fig. 4. Yearly variations in the global sea-to—air DMS flux (umol/m?/day)

calculated in the Northern and Southern Hemisphere during the study period

(2000-2015). The DMS flux in 2005 was excluded due to the unavailability of

MLD for calculation the DMS flux during January through June in 2005.
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Fig. 5. The linear trends in DMS flux, SST, SSW, Chl-a, and DMS

12(I)°E“ 8°W  120°W
concentrations over 2000-2015, which were derived from single variable linear
regressions of the DMS flux, SST, SSW, Chl-a, and DMS using their monthly

data. The dots indicate the significant values at the 90% confidence level.
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Table 2. Summary of Mann-Kendall (MK) statistics of DMS flux for each
latitude band (10° interval between 0° and 60°) over the global ocean during the

study period (2000-2015).

Latitude ALL Spring Summer Fall Winter

Q* p° Q p Q p Q p Q D

Northern -0.029 0.010 -0.020 0.001 -0.044 0.003 -0.036 0.441 -0.008 0.006

hemisphere

50-60  -0.001 0960 -0.001 0.764 -0.005 0298 -0.032 0.298 -0.013 0.380
40-50  -0.013 0.052 -0.010 0.023 -0.024 0.017 -0.041 0.003 -0.030 0.030
30-40  -0.028 0.002 -0.012 0.010 -0.037 0.002 -0.029 0.001 -0.019 0.110
20-30  -0.024 0.001 -0.009 0.764 -0.064 0.003 -0.035 0.042 @ 0.030 0.300
10-20  -0.019 0.052 -0.028 0.075 -0.057 0.005 -0.042 0.027 0.006 0.820
0-10 -0.036  0.021 -0.044 0.010 -0.060 0.006 -0.040 0.064 -0.052 0.040

Latitude ALL Spring Summer Fall Winter

Q" p° Q p Q p Q p Q D

Southern  —-0.030 0.001 -0.033 0.078 -0.013 0.005 -0.027 0.002 -0.038 0.001

hemisphere

0-10 -0.043 0.034 -0.016 0322 -0.001 0960 -0.006 0.390 -0.016 0.260
10-20  -0.011 0190 -0.024 0.048 0.022 0136 -0.019 0162 -0.025 0.190
20-30  -0.016 0222 -0.034 0.017 0.000 1.000 -0.016 0.052 -0.028 0.090
30-40  -0.026 0.034 -0.014 0.010 -0.018 0.008 -0.014 0.001 -0.024 0.020
40-50  -0.016 0.003 -0.047 0.004 -0.021 0.136 -0.031 0.001 -0.074 0.005
50-60  -0.051 <0.001 -0.054 0.003 -0.025 0.029 -0.040 0.001 -0.058 0.010

% Q is a slope of long-term trend calculated using the non-parametric Sen’s method.
" Probability (95% confidence interval).

source: Choi et al. (2017)
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Fig. 6. Spatial distributions of annual mean DMS flux (umol/m?/day) in the

eastern Asian ocean during the study period (2013-2015).
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Fig. 8= <A7717H2013~20159)&<te] 1= F3HH(4° 14) DMS flux®]
AWsE, Fig. 9 DMS flux®t ##HE F8 84(SST, SSW, Chl-a,
DMS)E¢ dWstE yepdit, dxd DMS fluxE A3 X H(Fig. 8), 20134
Hit 145238 pmol/m%/dayel™ 2014d¥ 201598 Z+HZ Hir  0.75+1.03
pmol/m?/day, 0.57+0.68 pmol/m?%/day .= 20134l 2015W o= Z42 Az}

AV

[0)

7Fasts= 8ol YERtH(Fig. 83 Table 3). DMS fluxet & 8 4(SST,
SSW, Chl-a, DMS)E¢ dWstE vlus] 2w (Fig. 8% Fig. 9), SSTE 20134

o 179124.85 C, 20149 T 17.2124.29 C, 20159 H T 17.17+457 Co =&,
SSW 20139 Hi 3.35:0.71 m/s, 2014 BT 2.78+0.63 m/s, 20151 AT
2.64£057 m/se &2 DMS flux® dWstet FAbskAl FHAdte= 3ol deuith
b Chl-a v %% 20139 H1 1.32+1.40mg/m’, 20149 3 1.40+1.48mg/m’,

o

2015\ T 149£141 mg/m’e.Z, DMS ¥%E 2013 4514560 nM, 20144
W 455606 nM, 2015 W 469£551 nM o® ok Frlate AR
#askeE DMS fluxebs o8 4dEs B A th(Fig. 9).

9% Tz A¥R¥W DMS fluxE AR =7 @S e =
P =& FolAe A vest g2 59, 20139505 29°N~33°N
A= Fzrol  HiF 219345 pmol/m¥dayl®  JFE A JEyton
41°N~45°NE  0.33+0.16 pmol/m*/dayo.® 7F4 w7 uEebsith 20°N~33°N
AEe A AHE FIEEFig. 6)olA 2013 71 =A et T
A (st 1) dgtol & dE A= gelatrh 2014 E+=
20139 =9t A g2/, 33°N~37°N 9% 7ol 0.90£1.18 pmol/m%/day =
P mgom I oS 29°N~33°N(0.88+1.21 pmol/m?%day), 37°N~41°N
(056+0.60 pmol/m%day), 41°N~45°N  (0.26+0.15 pumol/m*/day) o=

e
H
N

>
N
ftlo

FAZAY. 201569 20139y FLIA 20°N~33°N 9= F-7to] H+t
0.76£0.92 pmol/m2/day o2 ¥ S YEeEFW o 41°N~45°N 9% 7oA =
0.40+0.34 ymol/m2/day = 7} A YElGTh olefst 9% F3HE DMS flux+

- 2A(SST, SSW, Chl-a, DMS)E <%  SST¢ SSW7F DMS flux®}
FrAFSHAL 29°N~33°N 91%= 3telA w2 £¥E5 HEJoy Chl-a$t DMS
X DMS flux7b tha& 9HA 4% 37°N~41°N 9% 7kl A 71 =7
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Fig. 8. Yearly variations in DMS flux for each latitude band (4° interval

between 29° and 45°) during the study period (2013-2015).

Table 3. Yearly variations in DMS flux (umol/m*/day) for each latitude band

(4° interval between 29° and 45°) during the study period (2013-2015)

Year All 29°N-33°N  33°N-37°N

37°N-41°N  41°N-45°N

2013 1.45+2.38° 2.19+3.45 1.41£1.81
2014 0.75+1.03 0.88+1.21 0.90£1.18
2015 0.57+0.68 0.76+0.92 0.48+0.40

0.86+0.75 0.33+0.16
0.56£0.60 0.26£0.15
0.47£0.54 0.40+0.34

4 Mean + standard deviation.
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Fig. 9. Yearly variations of SST, SSW, Chl-a, and DMS concentrations for
each latitude band (4° interval between 29° and 45°) during the study period
(2013-2015).
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Fig. 10. Spatial distributions of DMS flux (umol/m?/day) in the eastern Asian ocean during four seasons in 2013-2015.
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Fig. 12. Seasonal variations in DMS flux for each latitude band (4° interval

between 29° and 45°) during the study period (2013-2015).
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Fig. 13. Mothly variations in DMS flux for each latitude band (4° interval
between 29° and 45°) during the study period (2013-2015).
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Fig. 14. Seasonal variations in SST, SSW, Chl-a, and DMS concentrations for
each latitude band (4° interval between 29° and 45°) during the study period
(2013-2015).
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(FF AT (0, AT (0s), 2HAF(0m), AOD (1550) ) F8 FshH 9
24 EAS yehdti(water-soluble 7F8, I 550nm, U= 80%).
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0.03~1.03 Mm ™)} 2F&AF (0= B3t 14.15£30.70 Mm ' (H9l: 1.66~64.76
Mm o=z FFAFHETG AdAF7E =4 FEHAY FFAFY AbaA S
2AHAGE At 143743119 Mm (8 90 1.69~65.82 Mm )e]i, AOD=
0.04£0.05 (0.02~0.13)% FAE Ak DMS fluxel 3 it ooj2Z
EA(FFASF, AdAS, 2244, AOD)2 2014 12€] 22} 1.03£1.15
Mm'!, 64797217 Mm'! 65827332 Mm'!, 0.13+0.13¢% 7}34 =7
vebgren 2013 39l ZbzE 0.03+0.04 Mm'', 1662277 Mm', 1.69+2.82
Mm', 0.02+0.0022 7}3 w7 A=Ak AdYE SAe = DMS fluxel

ok Fad cloREY  RE BE5AC] Ae>rtE>ols>w o=
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B
&S

ol
Bl
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FALATHZE A Q). o]gdt dojrEHe] AHdH P8t EALS DMS fluxlo =



+4) AODE Wl A= DMS fluxet FAFSHA delvds RS Faedn
(28 A9 4= B9, d3717H2013~20159)F ¢ dH AODE 20134
0.047+0.054, 20143 0.047+0.042, 201551 0.046+0.0312 20134 20150 o=
4= v A Zasgth 9% FREEE 201393 201590 29°N ~33°N>
33°N~37°N>37°N~41°N>41°N~45°N  +£o 2 20149 33°N~37°N>
20°N~33°N>37°N~41°N>41°N~45°N o2 e} 23e 9 F1hofA
dARZ A, w2 =AM A FAHE EFE DMS  flux9]

Table 4. Optical properties (RH=80%) of DMS-related aerosol (e.g. sulfate) in

the eastern Asian ocean at a wavelength of 550 nm simulated by OPAC

model

Year Month Oab Osc Ocx AOD(t550nm)
1 0.20£0.29 12.54+18.34 12.74+18.63 0.04+0.03
2 0.15+£0.22 9.17+13.67 9.32+13.88 0.03+0.02
3 0.03+£0.04 1.66+2.77 1.69+2.82 0.02+0.00
4 0.03+£0.05 1.69+2.94 1.71£2.99 0.02+0.01
5 0.06£0.15 3.56+9.71 3.61+9.87 0.02+0.02

2013 6 0.05£0.09 2.86+5.86 2.90+5.96 0.02+0.01
7 0.37£0.57 23.45+35.59 23.82+36.17 0.06+0.06
8 0.31£0.85 19.67+53.55 19.98+54.42 0.05+0.10
9 0.22+0.38 13.56%23.70 13.78+24.08 0.04+0.04
10 0.47+£0.82 29.21+£51.16 29.67+51.98 0.07+0.09
11 0.36£0.36 22.84+22.60 23.20+22.97 0.06+0.04
12 0.41+£0.50 25.73+31.34 26.14+31.84 0.06+0.06
1 0.21+£0.24 13.36£15.23 13.57+15.47 0.04+0.03
2 0.40+0.80 25.27+50.20 25.67+51.03 0.06+0.09
3 0.04+0.05 2.55+3.36 2.59+3.41 0.02+0.01
4 0.06£0.10 3.49+6.20 3.54+6.30 0.02+0.01
5 0.11+£0.24 7.19+14.82 7.30+£15.06 0.03+0.03

2014 6 0.08+0.13 5.01+£8.09 5.09+£8.22 0.03+0.01
7 0.12+£0.29 7.61+18.28 773+18.57 0.03+0.03
8 0.13£0.25 8.01£15.71 8.13+15.96 0.03+0.03
9 0.19+0.36 12.17+£22.85 12.36£23.21 0.04+0.04
10 0.30+0.49 18.84+31.04 19.14+31.53 0.05+0.06
11 0.24+0.52 15.25+32.41 15.49+32.93 0.05+0.06
12 1.03+1.15 64.79+72.17 65.82+73.32 0.13+0.13
1 0.57+0.66 35.59+41.63 36.15+42.28 0.08+0.07
2 0.31£0.54 19.70+33.88 20.01+34.42 0.05+0.06
3 0.06£0.14 3.93+8.81 4.00+8.95 0.03+0.02
4 0.06£0.10 3.81+£6.08 3.87£6.18 0.02+0.01
5 0.11£0.18 7.15+11.40 7261158 0.03+0.02

2015 6 0.15+0.27 9.32£16.92 9.47+£17.18 0.03+0.03
7 0.14£0.39 8.76+£24.32 8.90+24.70 0.03£0.04
8 0.13+£0.40 8.47+25.40 8.60+25.79 0.03+0.05
9 0.24£0.38 15.33£23.83 15.58+24.21 0.05+£0.04
10 0.34£0.66 21.18+41.61 21.52+42.26 0.06+0.07
11 0.24£0.35 14.97+22.23 15.21+22.59 0.04+0.04
12 0.41+£0.68 25.53+42.84 25.94+43.52 0.06+0.08
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Fig. 16. Spatial distributions of annual mean AOD (ts50) derived from DMS

flux in the eastern Asian ocean during 2013-2015.
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Fig. 17. Spatial distributions of seasonal average AOD (1s55) derived from DMS flux during 2013-2015.
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Fig. 18. Monthly variations of AOD (ts50) derived from DMS flux (AOD (DMS)) for each latitude band (4° interval between
29° and 45°) during the study period (2013-2015).
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Fig. 19. Monthly variations of AOD derived from DMS flux AOD (DMS) simulated by OPAC, and MODIS AOD. The line
represents the contribution (%) of AOD (DMS) to MODIS AOD.
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Fig. 20. Spatial distributions of the direct radiative forcing (DRF) due to
annual mean DMS-related aerosol (e.g. sulfate) at SFC, TOA, and ATM

during the study period (2013-2015).
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Fig. 21. Yearly variations of DRFs due to DMS-related aerosol (e.g. sulfate)
at SFC, TOA and ATM for each latitude band (4° interval between 29° and
45°) during the study period (2013-2015).
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Fig. 22. Spatial distributions of DRFs due to seasonal average DMS-related aerosol(e.g. sulfate) at SFC during 2013-2015.
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Fig. 25. Monthly variations of DRFs due to DMS-related aerosol (e.g. sulfate)
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Abstract

In this study, The long-term trend of global sea-to—air dimethyl sulfide
(DMS) flux was analyzed for 2000-2015, based on satellite observation and
modeling data. In addition, DMS-related aerosol (e.g. sulfate) have been

estimated using the DMS flux calculated in the east Asian ocean for the
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recent three years (2013-2015). The calculation of the AOD derived from
DMS flux (AOD (DMS)) and direct radiative forcing was carried out using
the OPAC and SBDART.

The DMS flux in the global ocean exhibited a gradual decreasing pattern
from 2000-2015. For the latitude band (10° interval between 0° and 60°), the
DMS flux at the low latitude (0°-30°) in both Northern (NH) and Southern
Hemispheres (SH) was significantly higher than that at the middle latitude
(30°-60°). From long-term analysis with the Mann-Kendall (MK) statistical
test, the trend of DMS flux mostly showed a gradual decreasing pattern (NH:
except for 10°N-20°N, 20°N-30°N, in winter, SH: except for 10°S-20°S in
summer).

Yearly variations in DMS flux were 1.45+2.38 pmol/m*/day in 2013,
0.75£1.03 pumol/m?/day in 2014 and 0.57£0.68 pmol/m?/day in 2015. The spatial
distribution of annual mean DMS flux was highest in the coastal sea near
Shanghai followed by Bohai sea, whereas its lowest value occurred in the
East Sea. The DMS flux was higher in winter and/or fall and lower in
spring during most years. For the latitude bands (4° interval between 29° and
45°), DMS flux was highest in the latitude band of 29°N-33°N and lowest at
41°N-45°N. The spatio—temporal characteristics of DMS flux were likely to be
primarily affected by the SSW. However, at some latitudes, such DMS flux
characteristics might be due to the combined effect of the DMS concentration
and SST.

In the eastern Asian ocean during 2013-2015, the annual mean AOD derived
from DMS flux (AOD (DMS)) was highest in the coastal sea near Shanghai
(belong to 29°N-33°N), while its lowest value occurred in the East Sea
followed by the western coastal sea near Japanese. The spatial distributions
of the high AOD (DMS) (especially near Shanghai) were very or slightly
similar to those of DMS flux. In addition, AOD (DMS) was highest at
29°N-33°N and lowest at 41°N-45°N, and this pattern for the latitude band
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was similar to that of DMS flux. To compare the trends between AOD
(DMS) and total AOD (anthropogenic and natural), we analysed the trends in
both AOD (ts5) derived from DMS flux (AOD (DMS)) and MODIS AOD
(Ts50) during 2003-2015. The contribution of AOD (DMS) to MODIS AOD in
the study area was estimated to be 16.2% on average (range: 4.6%6-45.9%).
Seasonal contribution was highest in winter (24.1%) and lowest in spring
(2.4%).

The annual mean direct radiative forcing (SFC, TOA, and ATM) due to
DMS-related aerosol (e.g. sulfate) were highest in the coastal sea near
Shanghai, while their lowest values appeared in the East Sea followed by the
western coastal sea near Japanese. during the study period (2013-2015). The
negative direct radiative forcing (SFC, TOA, and ATM) showed a peak in
December 2014 (a mean of -46.06+31.40 (SFC), -39.96+26.24 (TOA), 6.10£5.26
(ATM) W/m? and a minimum in March 2013 (-8.68+1.92 (TOA), 1.19+0.28
(ATM), -9.87+2.19 (SFC) W/m?), with a highest value observed at 29°N-33°N
and a lowest value at 41°N-45°N. In addition, the negative forcing was found
to be higher in winter (highest) and fall than in summer and spring (lowest)
during the study period. The negative radiative forcing thus suggests that the
DMS-related aerosol in the target area can directly affect the change

(especially, the negative impact) in the regional climate and radiative balance.
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