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HFEDIERIL, EINOHMHENDKAER, B, =7 r Y LVOfNEZRT, E&
EHEMSELZENREHEINL TS, =70 Y V3 EEIC (J; o TEEHER

(Cloud condensation nuclei; CCN) <K fEZIZ kR Uk FHRrEICE 3 5. 1
FHERICBWTCONE e b =7 v Y L Tixt BRBAERDZ VW OIL, FEAEDIE
A & LAk S aHiky A F /v (Dimethyl sulfide; DMS) 235g{k ST
AECTR - ThHDH. DMSIE, KRRUCHH S, —Ebhis (SO.) k%&‘/
A VAR g (Methanesulfonic acid; MSA) 12, =4, CCNE&E LT, ZE|C
LB D K RE ) 2 YEIN S W D R A FFo.

WEOHZEL Y, EEESMCIVEONTHERED 7 va 7 ¢ /va (Chl-a)
TR & JRGHSE DR RE I HDMSHHEORFZEMEBNHEE SN TV D, L
L, M2EICKDChl-alfEOHEEE, BT —Z PINEDOIERIBIZIRS Z L2 &
HXA T AR, WEET OAYKRIZ X ADMSDOAERBIERDE, HEET DODMS
DRIA~OR M EZ RFES 5 & BT 2 T ALZWHWEEERO R NS0 &

SRR 2RRENRKE L, BRKICKT 2842 EE&EWICER T D I ER
T+ yTHDH. — 5T, DMSHBAEMRIILHMSAIL, DMSUSOEJHA 722
ENBRZATOMSAEEIIDMS i EOEE L LCHIATE 5. Lavl, b
WIZ BT DMSAD EWBIHNE, Ny-Alesund’7s ESHISTLIMTONLTE LT, %
DWN20F-LL Efffe L CELHI L TW D HEa 1L F AL E = /L XX 7 |5 D Alertd
BT 5.

TARAATIE, WEIOKK EICHE L7227 e VL2 RFLTEBY, BEND
ﬁﬁ@km$@I7H/WRE%@ﬁ BT LA — DT — A T THD.
TV =T v NE R CHH| S 3U7-SE-Dome 7 A A2 7 1%, HEENT U —
ZV ROMOT A A a7 LIA_NTRMERE L (1.2myr!") , &EEE S fREE CERER
@ms‘ﬁrﬁa% D, ARG DRGSO AL e EHERER O 2L D e T 72

L E T, FEHBICEKENMRS TE LT, =7 Y LV EREZEILT HBEORK
5'3'5'0)/\4’ TANRENIZEAERN. £T2, TA AT CEHELRBEETHDH

TRIE LR OBIMRIZ, SE-Dome7 A A 27 H D /KIFENLA b & K RN A K KA
BRETNVORFEKDOBIELZERMAELNELS —H L TWHOEFIHL, K27 HO
HETHRESINLTWA. L EDZ &5, SE-Dome7 A A2 71X 2V E THAI S
NEEODTA AT L0 4 ERKEMOMIE T T vy AikE &N IEMICE T TE
%. KWL TIL, SE-Dome” A A a7 ZHEH LT/ U —2 T 2 R B O i
KIIZEB T D DMSIHHHEDEE L ZD A =X A, BLO, EZE0ERki1FH



(CHHE TR B IR OB LA 5 2 DR 2 I L.

SE-Dome” A A 27 FHOEMOMSAHEFE 7 7 v 7 A (MSAnuw) 1%, 19604-7>
520014 ZT THEIZHEA L, 20024 LRI RIS L 72, MSAnx? Z= i
EENE, 19604 —20014F1%, & 4H —6H) OHRIZE—27 BNBINTZMN, 20024 —
20144E1%, FLHE (TH—91) Icv—7 BNHNT-. BOMSAnlE, A B 72 RAEE
{BEIRE RS T2, A V2 H—EDChl-al2 % & EWIEFRE 2 7R L7z (r=0.69,
p<0.01) . HEBRT— 22X, DMSO T AZHHRE D ' — 7 13 10 m
IZBWTCRUES—11ms ' CTHHMN, BOA NI U H—EIZBIT 58— 11ms IO
OB & MSAnxl A BB Z RS 2o 7. 2%V, SE-Dome7 A AT
HDOFEDMSAnxDIREZAIX, ANV o H—EOEYEFERICRE S HESN
TWHZ ENRgmole. ZOREZREITIMET S &, 1960@75%2014@ [T
T, BEOAINI U —REOWEEMEERIIARICE(LL TV ehoTz
EMMEZHND. 20024 —20144F D E OMSAnuxlE, 19724 —20014F12%F LT3 —

ofFEM L7z (p<0.01) . [EWHENTT —Z 5, 20025 —2014FED 7 ) — T
> REF RN R OWEKIE, 19728 —20014E L b2 10 H R ETH 2
EDRE T, F 2, [ IZ 350 T20024E — 20144 0 BA/K [ O Chl-aif & 131998
FE—20014R Ik L CHBICHEM LI Z E30RENT-. ©F D, 20024 —20144D
MSAnxDHINIX, 7V —2 7 > RERIN R OWKD, a6 A S &0
RELBRDHTHIZHEL, BKRBERB~ONERENSESN, W7 T 7 b
DT N—EPERE LT SICERT A EEZHBILD.

2002 LIREIZ 7Y — T RS IR YB3 ) TDMS B B IS L
72 Z I K DRI EZE DER T HRE L ET NN RO B LRI K D ES
WF — 2 AW TEER L. 20024F —20144FEDKEDER A N4 (CERLiuid)
ONHIEIE, 19824F —200 14D FEEIZ L TL7um/h <720 (p<0.01) , /K
EOERMEEIRE (Naviqia) OFEHEIFSSem ML (p<0.01) . ERIOHK
RICFEGTHIEARESCKEOEFNESITIAEREILEZ R ET, Naviqua® BN
& CERLiquia DT NZVER Le o 72, WRIZ, ET N RNICEE% 5 2 2 DMSLAL
DT aY e LT, MERFOHEKRIRIZL D KK fiﬁzﬂj AL DI IR D
Wi & AN 2 DNy Liquia 2 H5<° L, CERLiquaZ /N & < L2 FlaEME 2B 42 L 7. SE-
Dome7 A A 27 I DOUEHE LSy T HNa OHEFE 7 7 » 7 A%, 19824F —20014F
E20024F — 20144 ICB W CAHRBREILN oo Tz, 70— T v REER R
WOWE 10 miZEBUW T, 19824 —20144 12817 56.0 m s R & 12 m s luL@
AR S BEE X, ZNTEN36%E3%Tho7z. £72, EUEI2ms 'BLEo RS
FEIE, 19824F —20014F & 20024F — 20144123 W T LN e o 7o, TIUDRER M
5, 20024F LA D B DN Liquid D HE N & CERLiquia DTN I, HEKFEIRIT K 5 W
LA O L0 b H AAZHUZ L HZDMSHUHEOBINNEE L2 LN E %
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B2 IR EEZBLE LT, BRI OEELZ T DERMNER O~ DEDT L
AR OEOFEIMEIL19824F —20014F & 20024 — 20 144F 1BV THEIZE L L7
Mmolz. LLEX Y, 20025 LIOE D7) — v T R BN K CiE, DMSE
PROTT v L DEEIN U 72 72 N Liquia 231 U CERLiquia 3B L72 2 & 3B 2
HAL 5D, CERLiquia DI TUTARAMEDE 2 DEDT N ROZEAVIZER L)
ST EBREZLNS.

ARFZE L 0, B OISO ZEEdEKIR T, ITEOHERIRRLIC X 2 k%R
HORIUKICER LT, i7" 7 7 F DT — 0850 0 S, HEN D KR
~ODMSHLHI 23NN L, Na Liquid D FEINSCCER Liqua PTEANZ/E L TV 5 Z &2
TR X Tz
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Fig. 2-1 The schematics of the fitting method between 3'30ore and 38 Omodel.
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Table 3-1 Mean annual MSAn.x for each period and their differences from the entire period.
o is the standard deviation of MSAgu for each period. p-value is significancy of the
differences by Student’s #-test.

Fig. 3-1 MSA concentrations for each samples. Error bars denote 95% confidence intervals
(Furukawa et al., 2017).

Fig. 3-2 Interannual variations in MSAg.. (a—¢) denote the interannual variations in MSA fux
of annual and each season (a: January—December, b: January—March, c: April-June, d:
July—September, e: October—December). Gray dotted lines are regression lines.

Fig. 3-3 Monthly MSAnux. The bar graphs colored denote the monthly MSAfux from 1960-2014.
The MSAnu is the mean value of the period in a month. The error bars denote the +1
standard error.

Fig. 3-4 Monthly MSA . for each period. The bar graphs colored by purple, green, and orange
denote the monthly MSAu from 1960-1971, 1972-2001, and 2002-2014, respectively.
The MSAnu is the mean value for each period in a month. The error bars denote the +1
standard error.

Fig. 3-5 The method of the random error calibration.

Fig. 3-6 Uncertainty of interannual MSAq. variation for each season. The black circles and
error bars are the mean value and the standard deviation for 1000 simulated MSAqux
considering the age determination error in each MSA sample. The grey bar graphs are the
mean value of original MSAqux dataset, which do not consider the age determination error.

Fig. 3-7 Uncertainty of monthly MSAn.. variation from 1960-1971 (top), 1972-2001 (center),
and 2002-2014 (bottom). The black circles and error bars are the mean value and the
standard deviation for 1000 simulated MSAnyx considering the age determination error in
each MSA sample. The grey bar graphs are the mean value of original MSAq.x dataset,
which do not consider the age determination error.

Fig. 3-8 The cumulative frequency of the existence probability that indicates a frequency of



an air mass occurring in a target area during the past 7 days. (a)~(c) denote the winter
(January—March), spring (April-June), summer (July—September) and winter (October—
December) from 1960-2014, respectively. Black circles show the position of the SE-
Dome site.

Fig. 3-9 The CDF40 (green), CDF60 (purple) and CDF80 (blue) region during each season
from 1960-2014. The land area is hidden on the white. The inside of CDF40 line is the
higher contribution area as the source of MSA deposited on the SE-Dome site. Black
circles show the position of the SE-Dome site.

Fig. 3-10 The relationship between the spring MSAn.« and each factor. (a) Correlation
coefficient between MSAnux and Chl-a during spring from 1998-2014. (b) Scatter plot of
MSAsnu and Chl-a during spring. (¢) Correlation coefficient between MSAg,x and the
frequency of intermediate wind during spring from 1998-2014. (d) Scatter plot of MSAux
and frequency of intermediate wind during spring. Colored regions in (a) and (c) denote
p < 0.05 with Student’s ¢-test. Green, purple, and blue contours in (a) and (c) denote the
cumulative density function 40%, 60%, and 80% region, respectively, of air mass
probability revealed by the backward trajectory analysis during spring from 1960-2014.
Gray dashed boxes in a and ¢ denote the area of 55°N—62°N and 22°W-38°W. The values
of the Chl-a in (b) and the frequency of intermediate wind in (d) are the spatial means in
gray dashed boxes in (a) and (c). Black circles in a and ¢ show the position of the SE-
Dome site. Gray line in (b) is the regression line.

Fig. 3-11 The number of days that air parcels passing below 1000 m above sea level in the
Irminger sea (55°N—62°N, 22°W-38°W) reached the SE-Dome and brought snowfall.
(a) The interannual variations of the number of that days. The dotted line is regression line.
The significance of the slope denotes a p value with a bootstrap test. (b) The relationship
between the number of that days and the spring MSAsu. The correlation coefficient
between the number of that days and the spring MSAqu is denoted by » and the
significance of the correlation coefficient is denoted by p.

Fig. 3-12 The existence probability of an air mass occurring during the past 7 days reaching
the SE-Dome in spring. We estimated the existence probability for 5 layers (0—200, 200—
400, 400-600, and 800—-1000 m a.g.1.). These maps only display values on the sea and do

not display those on the ground. However, the calculation considered the contribution of
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air mass on the ground. Black circles show the position of the SE-Dome site.

Fig. 3-13 Distributions of the correlation coefficient between the MSAq. and (a) Chl-a, (b)
the frequency of intermediate wind, and (c) sea ice concentration during summer
from 2002-2014. Colored regions denote p < 0.05 with Student’s ¢-test. Green, purple and
blue contours in (a) and (c) denote the cumulative density function 40%, 60%, and 80%
region, respectively, of air mass probability revealed by the backward trajectory analysis
during summer from 1960-2014. Black circles show the position of the SE-Dome site.

Fig. 3-14 The existence probability of an air mass occurring during the past 7 days reaching
the SE-Dome in summer. We estimated the existence probability for 5 layers (0-200,
200400, 400-600, and 800-1000 m a.g.l.). These maps only display values on the sea
and do not display those on the ground. However, the calculation considered the
contribution of air mass on the ground. Black circles show the position of the SE-Dome
site.

Fig. 3-15 Difference between the mean during 2002-2014 and the mean during 1998-2001
for Chl-a (a) and the frequency of intermediate wind (FIW) (b). Colored regions
denote p < 0.05 with Student’s ¢-test. Green, purple and blue contours in (a) and (c) denote
the cumulative density function 40%, 60%, and 80% region, respectively, of air mass
probability revealed by the backward trajectory analysis during summer from 1960-2014.

Fig. 3-16 Relative frequency of Chl-a concentrations. Light gray and dark gray bar graphs
denote the relative frequency of the Chl-a concentrations from 1998-2001 and 2002-2014,
respectively. This is the ratio from all grid cells with sea ice concentrations below 10%
within the region of CDF40 during summer from 1960-2014.

Fig. 3-17 Sea ice retreat day. (a—c) denote the sea ice retreat day of the year around Greenland
(40°N—85°N, 0°W-80°W) for each period. Green, purple and blue contours denote the
regions greater than 40%, 60%, and 80% in the cumulative density function, respectively,
of air mass probability revealed by the backward trajectory analysis during summer from
1960-2014. Black circles are the position of the SE-Dome site.

Fig. 3-18 Open water extent in the CDF40 region at the end of individual months from 1960—
2014. Slopes of the regression lines of open water extent from 1960-2014 are denoted by
o, for individual months. The significance of these slopes denotes a p value with a bootstrap

test.



Fig. 3-19 Monthly photosynthetically active radiation (PAR) in the CDF40 region for each
period. This is the mean of all grid cells with sea ice concentrations below 10% within
the region of CDF40 during summer from 1960-2014. The error bars denote the =+1

standard error.
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Fig. 4-1 Relative frequency of the cloud effective radius (CER) for low cloud (1000—-680 hPa)
(Light gray) and middle cloud (680—-440 hPa) (dark gray) from 1982-2014. This is the
ratio from all grid cells with sea ice concentrations below 10% within the region of CDF40
during summer from 1960-2014.

Fig. 4-2 Cloud properties in the CDF40 region during summer from 1982-2014. Slopes of
the regression lines (grey dotted lines) of each properties from 1960-2014 are denoted by
a. The significance of these slopes denotes a p value with a bootstrap test.

Fig. 4-3 Difference between the mean during 2002—2014 and the mean during 1982-2001 for
CERuyiquia (2) and Ng,vLiquia (b) in summer. Colored regions denote p < 0.05 with Student’s
t-test. The black open circles in a and b show the position of the SE-Dome site.

Fig. 4-4 Difference between the mean during 2002-2014 and the mean during 1982-2001 for
LWP (a) and COTlLiquia (b) in summer. Colored regions denote p < 0.05 with Student’s
t-test. The black open circles show the position of the SE-Dome site.

Fig. 4-5 Cloud fractions in the CDF40 region during summer from 1982-2014. (a) denotes
the total cloud fraction targeted during 1000 hPa—50 hPa. (b) denotes the low cloud
fraction targeted during 1000 hPa—680 hPa. (c) denotes the middle cloud fraction targeted
during 680 hPa—440 hPa. (d) denotes the high cloud fraction targeted during 440 hPa—50
hPa. Slopes of the regression lines (grey dotted lines) of each properties from 1960-2014
are denoted by a. The significance of these slopes denotes a p value with a bootstrap test.

Fig. 4-6 Difference between the mean during 2002—2014 and the mean during 1982-2001 for
the total cloud fraction (a), the low cloud fraction (b), the middle cloud fraction (a),
and the high cloud fraction (b) in summer. Colored regions denote p < 0.05 with
Student’s #-test. The black open circles show the position of the SE-Dome site.

Fig. 4-7 Interannual variations in summer Na* flux.



Fig. 4-8 Difference between the mean during 2002-2014 and the mean during 1982-2001 for
the frequency of strong wind greater than 12 m s! (a) and 16 m s™! (b) in summer.
Colored regions denote p < 0.05 with Student’s #-test. The black open circles show the
position of the SE-Dome site.

Fig. 4-9 Difference between the mean during 2002-2014 and the mean during 1982-2001 for
the cloud albedo at 0.8 pm in summer. Colored regions denote p < 0.05 with Student’s

t-test. The black open circles show the position of the SE-Dome site.



E1E Fif
LT E7IAANRIIRNT HBFEEMETBOEEN

ek EAURIE, BB O 23 O S T EA L TWD. 1910 42— 1940 4RI/
T RS L, 1940 45— 1970 FEIZ/ 1 TR T L, 1970 45 —2000 AR T TH O RS L
ToAER, 1900 4E22 5 2000 FFEDOICHK 2.0° EH- LTV % (e.g. IPCC ARG, 2021; Aizawa et
al., 2022). 1940 £ —1970 FE DM EAUIR DT, HARDOWERZBNIN A A FIEENIE
KT 2 R[FOZT v/ VOBEMBARESFELTND I EMERORUEET VI X
DI GNIR> TV (Aizawa et al., 2022). 77 v 7 I —R L HEOTT vV )UK
W W HIER ZEo0, < o7 v Y )WL KB 2 HEEEEL S8 5 20 B2 .
Tz, =T aYE, FHEIC K o TEESSEZ (Cloud Condensation Nuclei; CCN) 2K i
#% (Ice Nucleation Particle; INP) & L CERI L, EE& AR L, HERERH O T VX FE @D
D BRI 72 R b FFo. il ds KL OBRERIE A, UKL 72 & ORU IR D =
7 1Y UiE CON DA%, HERIERL 700 & A N e EORRRIRR D =T 1 v vk
INP DARREML, ET /L RIE CON HROAKETEHE, INP HEROKETE Y. £
DN, " (SO ZEIEE T s LOWIEL, KLETAXREED D
=7/l LTR#MES N TS (IPCC ARG, 2021).

BERO RGP 41D SO 1L, 2017 AFREACTIE A BEBIEIR K 79 (TgS yr!)
EHeb 2\ (McDuffie et al., 2020) . Y LIZE1T 2 HIRE KD SO, O EF /R 3 AL,
MWEAVEHICLI VARSI AFLALI=AFT 04 F — b

(Dimethylsulfoniopropionate; DMSP) % fiji & 3~ 5 fiifk: 2 A F/L (Dimethyl sulfide; DMS)
ThDH. DMS OUFHEN D KR~ B &I, 1972 45 —2009 4 OXBEHEICB N T 17.6—
344 (TgSyr!) EHEHIEATW2D (Lanaetal.,2011). dbBEOKKICEEN L =T 0
ON, NENEBIEIRO SO, it &iE 1970 AR H %<, 1980 FLEIL T —1r v )

Rdbkiz L A PEHIRBNC X 0 BAMERIIZH D (e.g. Smith et al., 2011; Zhong et al., 2020) .



7Y =T FFEERO Summit KU THEI S 72T A 2 37 FORgA 4 Ot E
[FNLAR LD FENT 2 B 1, 1996 4F—2016 =D ANRITEENC & 0 ikt S 7z SO, & i & 3
DRERA A IREOFIG A 1962 F£—1990 FE LV & 45+11%4 L7z Z L 3 HEE S 4,
bR O K& I BT D ANBTEERIEORBBE A LTV 5 Z ERRR Sz

(Jongebloed etal.,2023). Z D F £ AMNEENIC X 5 SO, fix i &2 Lt UL, Fxt
12 DMS IR D SO, DET VN F~OHEBRENSHE D Z ENHENIsND. L, B
TEDZ% L DILEZFEET /L (Chemical-Climate-models; CCMs) Tl%, DMS IR SO, 3
Eahksr & LTHZ BN TRV (Hoffmannetal., 2021). =DM, T /WITHAIA
FN TV DEEYEIRO DMS fH &L, 25O DMS #E DO H Bl 0K % 5
HENTEY, EENRREEN GO TWRNWEHTHS. PRIT, SO, DHIER
Kk TdH % DMS M EDOKRFLET 2 E &b T 5 Z L BMETH 5. FHICILHEE L, DMS
BE OB OWEIL & LR TARE LTV DH72% (Lanaetal, 2011), DMS St & D
SHE & DOEH), BELO DMS BNET AR RICEZ DR EZFMTE Ty, Fiz,
W EHA- A O AL RS o0 SUR AR AT, VKDL R O A AR B A A S
HEEEDN B R~ DMS &2 2RI S TW S aMREM S R STV D (Gali
etal., 2019).

DMS (X HoSOsIZER kL, 72 E=7 (NHy) °7 I U5 & G URERYE (BPhi 1 %
nm—#+ nm) ZZ L, CON IEMERLF (>300nm) 2P L, ET A FEEins+,
Bk 2 R L S DR A FFO Z &R DR ST (e.g. Charlson et al.,
1987). filefEl, /5 FIRILAEE - SR L, 5T OEAETH LR T (7 7 A K% —)
(2720, BRI [E L DNEEE LIRKI 11272 0, IS, EEERE T2 2 £I12L Y CON 72
% (e.g.,Kulmala2000). F72, H,SO4 A NEEFEDOAREMRIFIZERVIAEN TH CCN
NAER SN S (e.g. Quinn and Bates., 2011). ¥4, AREEHEIRO T 1 /)L ORE)N

VIR D MO AR BN I T, =7 v VY VEESHTEE VT CON 1T



DT 1 VR OAL PR O 53T 39T 4L, CCN TEMERLT-I2x 32 DMS HIK D
HoSOs B ADEIGINEN T ENHEZN TN D, 2014 4—2016 FI2FEE S Ib K
FEALVEER OB CIX, W77 7 b7 — L0595 5 A —6 BT, K&K
ZABEAFIE 0.1% T CON JEMET B =7 1 YV LK O SRS 11 H & T 3 fERE
WZ L AVRE N7 (Sanchez et al., 2018). 7T, HaSO4 A A DHFRIFAERL & Z HUITHE <
BHEREIC L D=7 a ki, 5 A—6 AICOAZBRIENTEY, ZOFHOKE
KIBELFIE 0.1% T CCON {EMET 227 1 Y Lk OEBIEE D 32%% 5Tz
(Sanchezetal.,2018). F7z, MGG E RUHERKEESEIZ BV TIE, SO, D% < 13
HICHRD IAEND DS, KA EEIRE O/ SV B xR Tk, DMS ORI X DRt
) 7 kb 7 AR BLI S T Y (Williamson etal., 2019), AERK L 72 HPRL - A EE RS
BERUB IS T DS, KT 03EERERREE L CON & L TIRME LT 2 & B2 T
% (Sanchez et al., 2018; Williamson et al., 2019). {LZ#XEE T /L DMS OFE{LiEFE &
CCN ApURFEZFEMICBE L7 AN B1E, ABEO=T vy L e EBIZL5A
DBIRHE D BEEICEE D 2 L AHERIS 7z (Hoffmannetal., 2021). 2D X 512, it
FOBLREIEE 7 WAL, WERKHOET LR RO LT, DMS &R

ALY OBENEEICHE L TVWAZLERLTVWAEE LS.

1.2 BEIMLRIAD DM MEEDHTE

DMS WHEED B KZUTHH ENET VR RICE 2 2805 % ERmMICAE S 572912,
b5 U5E T /T AT S D REKD DMS F 85341 OVERLM Tt T g, REHIC
BT 5 DMS LI, YiE7K & D5 — AR O B (T HE T 2 TRV 728D, DMS
(TEERI D D KRS S D, DMS i EZHEET 2 720 DET/LIZE, DMS D
WED D REA~OIH 7 7 v 7 A2 (F) 73, K& EWHEIZBIT 5 DMS IRE (MK C, ;

RRC,), WHEIZET D DMS ORMRE (a), H AL (k) 2 72U T ORER



THETE Z4 T %  (Wanninkhof, 1992; Woolf, 1997; Nightingale et al., 2000; Huebert et al.,
2010; Wanninkhof, 2014) .
F =k(Cy, — Cq/) (1-1)

Cpld, Co/alTHE_T 23 K K& W=, DMS Ot 7 7 v 7 2121, K+ DMS
BEPE & AR E DN K E S BT 5.

HEAKHFIZBWT DMS 1%, M7 T v 7 b o BMARNOIRBERE-CHER L2 E D79
(2T 5 DMSP 28, WM T 7 N OBEREM T T 7 N AT K D T T v
7 N OHRREICE o THEW T T v 7 b BB SR S T BRI I i S,
FNBRNANT TV TIZRV RS, ERSND. MW7 727 > OIEND DMSP i
JEIE, BICE > TRRY, N7 FEEOMEEERE IR TAEET S (Keller 1989,
McParland and Levine, 2019) . DMS (332 7 U 7 ® DMSP U 7 —EE£F(Z L Y DMSP 28
IIREND Z EIZL VAR SHLD (Curson et al., 2011; Alcolombri et al., 2015; Cui et al.,
2020). DMSP 7°5 DMS IZE# SN H &L, N7 7V 7 O ERECH S, KR &
DEBZLY, FRTH 30%RETH DL Z LNHEIN TS (Kiene and Linn, 2000;
Gali and Simé, 2015). F£7=, WFFERE TIEDMS OEL BNN7 T U TIZ L HIHENE
RIZ K o TRIEEFRMERELAMICE R S D (Kieber etal., 1996; Galietal., 2016). & D
FER, WHFERIE THEMRESILD DMS O I5%REN KKK SN D 2 LR EfRI T
% (Gali and Simo, 2015). LA LXKV, EEFIZIRIT 5 DMS IREX, W7 T 7 Fr
DYRECFERLAL, /N7 7 VU 712 X 5 DMSP O 43 f#5h=<> DMS O, WERBICBT
% DMS ORI K> TIEH S S.

MK O DMS JRE AT, 2ERD 15000 JOBMET — % % W TERR S 1 (Kettle et
al., 1999) . H/ETlE, DMS-Global Ocean (GO) initiative & Surface Ocean Lower Atmosphere
Studies (SOLAS) Bl D7 11 2 = 7 + THIIT —Z RNEM SN TV 5. Lanaetal. (2011)

TIE, L OBIHT —# %2 & CREITEEZ NiFffi 325 2 & T, DMS RBEDAH



MESBEEDORER T ) v RT—42 & v Na#fi Uiz, FIZ, 1990 0% LI, A LR
IZ X BB S, WIERBICBT 2T 7 N OARL F~ ADRR L
H7 a7 v a (Chl-a) BENHEESND KO, I ENARA DB &S
FAWT DMS ZHEET 57 /0= U X LHFFE S 47z (Gali et al, 2015; 2018). Z#UZ &
D, 2EKD DMS JRE DFE L B bz RS D, KBEEE) & OXFEATE L Kok o7,
L, MUz 28U Chl-a I OHEE 23 WEE22 3501 Tld DMS R DOHEE DR
ZEMREV. EORER L MU bR O ZHIKIL Th 2. FEVEKECTIL, oK EiE
WD T F A4 v F ¥ FOVNOBIREREI N Y725 Z LI L DT — A0, WK fiit
B OWE~DYKEAS B OB X 2B K- THI & Z SN D pkgLE TD
T— b, WEEREORBESS LI BOERE TOT L —LHIZ LY, ERRE - il
KETDMSEENEE D Z ENHEIN TS (Arrigo et al., 2012) . FEBHITIL,
WEEZ 1 T O KB ST % HAZ Chl-a IREE ZHEE L TV D720, MKEHEEL DY 10%
PLEOWE CII MR AN R E <20, FHEBNNC L RAED b= FREiKIEkE L o
Chl-a J2<° DMS L, /NG L TV Z E MR ST D (Levasseur, 2013).
H O —ODHEIRNT A—H ThH DN AZHHREOHEE 1T, 1L 10m BIH (w) &
HEKIEHRE (T) Z W 7= BRI BE%L (e.g. Liss and Merlivat, 1986; Wanninkhof, 1992; Woolf,
1997; Nightingale et al., 2000) °K5 « WHEMOEIET 7 v 7 A2 Z[E LB (e.g
Deacon, 1977; 1981; Csanady, 1990; Soloviev and Schliissel, 1994; Huebert et al., 2010) 7312
ZFEINTWD. il & LT 1-2 12 Wanninkhof (1992) Of%BRAVBE%L %, 2 1-3 |2 Csanady
(1990) DEEET T v 7 A% BfE LB EZTLT.
k = au?(S,/660)~%5 (1-2)
k = yS:%5u, (1-3)
aB L OYITIRITEE, SAEy = I v ML, w3 E 10 m JBGEIZ 2 S 5 BEEGE

EThD. ZNHOEE T L 10m JEGENTRL 7 DI Z EHTATHEENKE 2 5.



S %, DMS D4y FIEHARE (D) (\Zxt9 2K OB EMRE. (v) D TH S (Csanady,
1990) (X 1-4). o FIEBUREITEAKmIEE (T) ERAEEE (R) Ik TEREND
(Saltzman et al., 1993) (X 1-5).

Se = (1-4)

v
D

18.1

= 0.031e” &T (1-5)
2SO K VIKERE D EUNE S5 FIEBARBI K E <, SAVNEL R, HAX
B E 1T K& < 72 5. Wanninkhof (1992; 2014) TIXAAL B TICHTT D = 2 v MKk
Z WK ETRE O 4 Tl L7z, 20 1-6 12, Wanninkhof (2014) TR &AL TCV 5 DMS
D2 Iy MrEWKEIRE DXL T

S, = 2855.7 —177.63T + 6.0438T2 — 0.11645T3 + 0.00094743T* (1-6)
K12 &01-6 KV, U AAZHHE I TVKELE 1°CO_EFITR L TR 3% 5.

T A AT E D JEHEMEAFENZE, T 2B L > TRERITLDEDFEEL TV
52 ENER SN TS (Nagao,2014). 2000 LA, MEEBHNICBW T, K& &
K> DMS R A2 RKUEA 4 AUEE5HE (Bl 21X Atmospheric Pressure Ionization
Mass Spectrometer; API-MS) % H TRl - mRFH e CHIE L, ZORRICHEE
W RGEIREE G HC K D EER T —Z 2Nz, ELIRIC X0 $RiE 5 Ik & 415 DMS Ol
EEAHEET 2FE (MHEBNE) 23ESL S 7z (Huebertetal., 2010; Belletal., 2013) . £
7=, Tanimoto etal. (2014) TIL, ¥ LICH T HEBEED DMS IREZ 7 1 | L BHE)
BB B4 3t (Proton Transfer Reaction-Mass Spectrometry; PTR-MS) (Z X W llEL, %
DEREAEL) > DMS fith &2 #EE % F15 (Gradient Flux method; BIEVE) A HESE L
WEPE BICE U D 1 A SRS BAE © DAL=, IFEBETE S A & D 0 A A5l o
JEGEHAKAFPEIE, Liss and Merlivat (1986) <> Wanninkhof (1992) O#EE D H K7 & 7¢
D, Woolf (1997) =° Nightingale etal. (2000) DOHEEFIFHNDFERZ R LTz 2 L RHE

IN T35 (Tanimoto et al., 2014; Bell et al., 2017). L2 L, JEE 11 ms ' LLEIZBWT



(X, HAZHHEE R ERGE O &SN L 2 E B S TR Y, sREET
I% Woolf (1997) <> Nightingale etal. (2000) Z & 2 B & A A A8 #asd FE o> BAAR 273 H
TERWIENERENTWS (Bell etal., 2013; 2015).

RIS X0 HEE Sk o DMS IR &, B & 7 A ASHaH EE 0 BAAR A fH A
HBOEIETMZLY, ALARE O DMS KRB EDFELZB 2 I L—a v 3Sh
7= (Gali et al.,, 2018; 2019). T DiER, Atk 70°LUAEDOBHKIE 2> & 0> DMS O i 73,
1998 4= —2016 FE-D[H]IZ~33% decade M L, b LE OILMEOWRK A 7ERICHE L
5ity, DMS Bt BT 24 (5 2 2 2 L3R &7z (Galietal,2019). LAL, WKk
[ZBWTIE, FEBIIICE D Chla REOKRIHFRENRKE W LR (Levasseur, 2013),
MoK FPUEAKIR D) 7 Z > 7 b DEEHED A 7 = X I (Cherkasheva, et al., 2014), 4
W77 v b OB E Zi 50O DMSP Bk (Jarnikova etal., 2015) 23 & &2 H
BN T2 > TRV, I, B 11 ms™ LA EOTREUEIC 3515 5 7 A Ao B 13 | 10
m JEGEDOHIN & THIN L 22 BBl S LTI D, A S L 0 JREAER A7 5t
LTET NV EBOENRKRENZ ERERH SN TS (Bell et al., 2013; 2015). i b

DAY, JEREOWEED B KK~ DMS i & O FEREITMH S Tuh7au,

1.3 KKEBIZK S DMS MHEDIHETE

DMS [ZHFED & REUTHH S, 1—2 B PAPICELN RMERi S (S0, & A
X v ALK B (Methanesulfonic acid; MSA) (ZF{L LT L 5 7= dENHEL <, B
B D> O3B B 72 BT — Z I IAFAE L2\, £ 2 C, DMS OFR{LAERY TH 5 MSA Ol
EZLY, WENDRK~D DMS Mt EOLE N HEim ST 5 (e.g. Sharma et al.,
2012; Park etal., 2017). RO MSA (X, WEFED B RXUTHH S 47z DMS ORFRAIZE
O 70% % L T\D Z ERMEIN TS (Parketal., 2017). W ZIZ, MSA I

WELED D REA~D DMS i EOFEIE & 72 5. ALMRE TIX, 7 4 > 7 & RO Sevettijarvi,



AT 7 — LNV B D Ny-Alesund, 7'V —> 7 > RALWEHERO Thule, 7 ZALRL S D
LM L7z Alert, 77 A A OALABHEIZ A L 7= Barrow (2B W TRERTT 17/ /Lo
MSA OB T TV D (Peietal.,2021). ALHREIZI51T D #EH AT O KA
2L D MSAREEIE, 4 H—6 HICHKfEAZ < L7 (Peietal., 2021; Sharma et al., 2012).
F 7z, ALMIEICE L7z Alert <° Barrow @ MSA 1%, 4 A —6 A & 7 A —8 AL
%7~ L72 (Sharma et al,, 2012). Z< QMR TR G724 H—6 H D MSA ORBEKAEIL,
EAREICRB T DM T T 7 h DEFEFET NV— L ERIR L T 5 DMS O4b ik A K
B LTS EHEI STV DAY, Alert D 4 H —6 H D MSA JRFEIE, T OMEK B
EHERIEOMBZTRL TR Y, MWKRAFRTOWKGLEIZ I 5 DMS M & 4 Sk
LTWSZEMPRIBENTWD (Sharmaetal., 2012). F7=, 7 H—8 H OMAMEIZIIHE
DWK DR L7 DT N — A LIRS T % (Sharmaet al., 2012). K& H D MSA
DBIT — 21X, WHEDH KK ~D DMS it &4 B <KL TH Y, DMS it &0
BRELTAMTH®S. L, BHFEU B L TRR=T 7Y /Lo MSA JRE 28l
HIL TV DT, Alert OBIIY A FDAHTHZD (Peietal,2021). WxIZ, AL
EORRIBIAE CTEBNT D MO & 1A DMS I &EIC G 2 2B ZH 50T 5
Wi, =7 v Y v oF NBHILIRETO MSA 7 — X N7 5. F 2 THEH SD DR,

BEICHERE LT 7 B Y ABBRE SN TOVD KK EOT A 22T Th 5,

1.4 FAXRIA7HOTITF7AYVIL - MSAIZEET 583K

7Y =T v RRBEHUKIK BIZIE, ECHERE LIS T v ) AR ES TR
D, TAZAaTZR/HI LT, T4 A3 TICEENDEFA A TEIRE, ARMRESS
A NEGHTHZEICRY, BENBBEMRIIOT TRRQHPICHFE LT =1 Y L D%l
EEGCTDHIENTED. TNET, BREGEES A NOWEE - oK R OWHEYE % D

—RRLFP, RRATIZ BT DAL & 0 B S N 2 BBt SCRE R HE % 0D YR+ 0D



TRRE AR DAL ME T ST E 7= (e.g. Legrand, 1997; Curran et al., 2003; Wolff et al.,
2006; lizuka et al., 2012; lizuka et al., 2018; Nagatsuka et al., 2021; Hattori et al., 2021). 7
AAaATIPNBBONLTZT a Y IVORERT T v 7 A, AP TORIHBERES KT T
Ok - LRSI, BEAGEREE, REROAERBEEZRZMERETHY, BEOKRKIF
DT v VPR ZE T DI AKBRR A RO T v VOB A ZET
DRBND D, =T v VR, BRI IR E 7213 E L CIES (washout) 7%
7> CON {EPEE 21T TR L BEE AR L CULAE  (rainout) 9" 2BMLE &, =7 1y Lk
F O F FILET DEMILEIC X VKK EICHERET S (Junge, 1977). 7A A7 o=
TaYRE (C) L RKTFOZT a Y VRE (C) ORGRIE, ik - ks 58
L T TN TR LTRSS (Junge, 1977).

bC; = kyCy + Ky, bC, (1-7)
biZ7 A A a 7HREIHUE OFES OKCY B TRITHER, ky, kJdI=7 oY Loi@ht -
HMEIEEIZ K DBRERTH D, ZoRick b &, HETH=T v Y AN TR
BICEVKREICHRE L2 T2L, BEENZWIEETA X a7 oy v/ LR
ERHRISN, WM< R85, BHELEDOHEEIE, 74 Aa 7 hoxy a LRI
BEEFELTCZT R NAHE T T v 7 AL LTHEmT DI ENRYTHD. HET S
T u Y AR TRMELEIC L VKR RICHE L3258, 74 XaryhoxT e
VOV L RGP OZT v VRENEOLFIBRIC /RS, ZOBKRITZ=T v Y vk
T34 T rainout (2 & VIRMEIEE LIZRRZER Y B D SED. ZORED L TERIFIZERDY
ZENZT VR OPRE (C) 1, UUTORIZE VRS D (Junge, 1963; Hidy,
1982).

C.= @Cue/L (1-8)

PIIKDFEEE, AL PRSI 3D rainout FI3F, LITEKETH L. EKEOWN, KL

LTBEENSS (BKE b)) #X1-8 DMNICHET S &,
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bC, = (ps%Ca (1-9)
bC A%, BKE L TOKKEICIET 2T 0y VHuRET 5 v 7 A7 DThC, = bC; & 732

0, E=k, T 2LR TR LD, TA AT HOTT VR L RSP O=T
0 VREOE Xk, OTEOHAFIRBROMPANTE 5. Pz, KARFO=T7 oy g
AT ARaATHOTT vy VRENLEILTES. LiL, BEIZIT washout 1T X
D RGN BERE SR, [CEET DT r Y VR b 2. = - R OREIK
BEN%L, RAP o7 v Y R &R THE LR LIk B BEKR RS £ 9 7245
A, BKEOHMELICTA ZaT7ox T a Yy VBEIIHRESNh, NEL<R5.
ZTOHGAEX, =T ey AHET T v 7 AL LR RKTOZT a v )VREOZRE
FrZfbazR<HILTWDLEE25. LL, il - FROBKEN DL, K
IZE s TRGHFDOZT v Yy LV EFERF LR ERWEHIITCIE, =7 ey A HET T v
ELTHE#RT D EEBRORKTOTT 1 Y )LEEDZE - 42 226 L TR ED
NAT AZEPTTLED Z &I/ D. DRI, BKENZWIEGHT TR ST 1 A
aTIZBWTE, =TT T v s A LTRET O T v VI VEE DB A
"I THZENRYTHY, ZOHEIF - A x DRIKEITREZIRP R E 21T
SOXNENT ENHENTH .

MSA JFKIZ B SEET, RAFEDBIELAE T LV IKIKR EICHERTT % (Chen et al.,
2018). (R B TIE, MSA FHERSRICHMH L. 74 227 10D MSA IR/
EL BT EBHESNTND (Weller et al., 2004) . FBKFEOEEOEIE 2 712 X
D& EMFEERE 0.1 mweq. yr ' LA ETHIVUE, HEREEZOFHHIC L D MSA B
MEB TR RDZENRINTND (Welleretal., 2004) . F 7z, (Kifi#E Bk THE
HlshieT A4 22713, MEHO MSA REOHKAENZEN O FICBEIT5 2 &
DR SFCUv5  (Curran et al., 2002; Delmas et al., 2003; Hoshina et al., 2014) . FfK

JR® Law Dome &30 TERIR S NVEE DT A A a7 i bix, HEED 170 kg m 2 yr ' LA
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TT, MSADBEINEX S5 Z LA/REN TS (Curranetal., 2002). 7z, HIZHK
ZR TR L E RN AR & MSA OISR D 1L, AFRTEE &Y 306 kgm 2 yr 2 D
FOKEE D H72 =27 CIIIEABIZ 7R L, 35kgm2yr? £ U /NS WEEHOKEE O DK <° DF
P A S OEERE TIREAHEEEZ R L2 2 LA HRESN TS (Hoshinaetal, 2014). =
DX Btk T MSA OBAMEOBENX, BN CHAH ST 2k E o7
MSA NZERNZRBE L1272 Th D EEZ BN TS (Delmas et al., 2003) .

T A Za 7D MSA & ol £ OWK-CHRE A LD T T LI TV 5 (eg.
Abram et al., 2013; Osman et al., 2019). 7 A A 27 HOFH D MSA JRE L WK mfK & O
BIRIZ DWW T, 7 2 a 7 HRHIHAIC & o CIEMHBICHifHR 2R L, #—r07e RN
BFHN TRV (Abrametal., 2013). IEFABIZ R4 B & L TiE, A OpKisAR S O
KEBPRENWET A AT NV —OEEARREBENRELSRLLEEALNATVD
(Abrametal.,2013). —J5, WifHBIZ /RIBRH L LCiE, HOWKMNHOWK KA
INEWNWE, TARAT N —ZEJRE L TAER S 1L7Z DMS O KK FIRE 72 AR S K
L D EEZBN TS (Criscitiello et al., 2013). 7'V —2 7 > KKK FEHE O %L
DT A AT POLER DO MSA D —EpkSy (PCL) AL, PEXEFmMLIEDN S 1990 £
RIZHT TR LTV Z EAURE 7 (Osman et al., 2019) . 1958 4F—2016 4D BLHI
(Z XD ALERRIETED DMS R D& — K OHEEMIZED LTV, Zh s MSA @ PCI
BEORFE N L RBEMMIZ B L2 &0, IEFOALERALKEEO L A P & 53
B> LTS ZEARE S (Osman et al, 2019). LALEX Y, 7A 227 H D MSA
CRVEAE EEE R ORI, WOKEREEZ N LN 2w, B o7 A 2270
MSA REZ JHWIZRE Lo FOEMNZRHEmICE £ > Tnd. ToBHE, KT
D MSA REAEBMICEITTE D13E, WERENEL, Fi - Fx OWEENELL
RNT A A THHEIYA R, 77U —2 T RRBROKIKR EICIXZE A ERWZHTH

2.
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1.5 J—25 2 FEE K—L (SE-Dome) 74 X7
7Y =T REHEEIL, 70— 70 RKROP CTREBEEDRE VIR TH Y,

COHIRDEERIT S U — T FKRERDOIEEREDK) 30%% 505 (Bales et al.,
2009; Burgess et al., 2010). 7"V —> 7 » RKIKMHERO F—2 EOY A~ (SE-Dome ;
67.18° N, 36.37° W, 3170 m above sea level) (23T, 201545 A129045m D7 A A =
7 Al E A7z (lizuka et al., 2016) . FEAHIZ 2.1 FIZFLT A%, SE-Dome 7 A A2 7 1L7
A A a7 PORERZERNARLL & KZERMARRKKIERE T /W K HWERLE R
DT 4 v T 4 v 72X 0AERESIE S, =7 v YV alEED A 23 Sz,

(Furukawa et al., 2017). &FEtO AT ORREDVEEIZL2 A TH Y, FEOREIT
U (Furukawa et al., 2017). ZOFERIREIZ LY, SE-Dome 7 A A =7 O
#FEIY, 1.02+0.20 m water equivalent (w.e.) yr ' THY, 7V —2F 2 KOMDOT A A =2
THEEIYA AT, 34 FREWVWZ EARS N (Furukawa et al, 2017). (2,
FHIBEOVEHEEOIXLDENELEAERS G H—-5H :025£0.07mw.e.yr!, 6 A
—8 A :02520.09mw.e.yr', 9 H—11H :027£0.09 mw.e.yr', 12 —1 A : 0.25£0.07
mw.e.yr'), Bk (9 H—11 A) D& 1960 F-71>5 2014 A2 h T TR EOAF R 722 B IH
23R EF TV 5 (Furukawa et al., 2017). 43S K OFHiEOF#E =1L 0.1 m we. yr!
L0 REVED, FERENHKKG~D MSA OFMIEL, BEHD MSA NBEIT
HZEIZEDBTA AT HO MSA OEAGITmRO TRV, £, 74 227 OHHIL
B ORI BHEE SNV KIRIZ-20.9 CTH Y, EEOEHHRIZ X 2WE
DOBEND D2 (lizukaetal., 2016;2018). LA LY, SE-Dome 7 A A =7 H10D MSA HE
7 7 v 7 A%, BKBEOREENIC KD /50 7 AHERES O AU, S hoBEho
HENTEALELS, RAHO MSA BEZERMICEILTHZENTED. HIL, &

IR [ 20 R HE C DI EIC & 0 FHEIHAL TREF O MSA IREDOE LA AIREIZ2 Y, db
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ALK PATED R T NV — LTI K OB E D 7 — 5 & MSA OBfRZ, KRx=

7 u Y VB FRRICESERICHR T 5 2 LN TE D,

1.6 HAZREM

AMFFETIE, SE-Dome 7 A 7 D 1960 725 2014 42 % TOFHifi O MSA HERE 7
T v I ANG, WEHHEOREARIRRCIC X 2 ALRE O DMS g EOZE(LE B S )
WL, TNURERLARHELEETNNRNICEZX LB LBRTHZEZHE L. &)
|2, SE-Dome 7 A A 27 HOZFHfED MSA HERE 7 7 » 7 ORFELE{bEEILL, ol
7= MSA #ER5 7 7 v 7 A LB Chl-a IREEF L OV THRT7 — 2 O « MoK
JEDLEEN G, 1960 4E0 5 2014 4EE T DMS JHEOLE L ZOER ZH 502 L
7o, W\, 18It S 7 DMS i B ORFEEL & ERMERIRE R L OEREO R X

v, DMS HHEOENNEICEH 2 DM RICOWTELE L.
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28 AMIWEBRFE
2.1 SE-Dome 74 RaAT7 DERRE

RRIIZ BN TR DR R ZERMARE (§80) 1%, FBEAKHLSIZEIT 2 KURDOFRIEIC
72% (e.g. NEEM, 2013; Alley et al., 1997; Furukawaet al., 2017). ZOMWEEZFIHL, 74
A A TR TIEKI « DK R 7 — VR AR 7 — L O KIR DO LB OHEEIZ 80 D
@ &2F|H L CTE 7= (e.g. Dansgaard et al., 1984; Oeschger et al., 1984; Johnsen et al., 1992) .
SE-Dome %, 7'V —> 7 > RKKICEB O TR bEMBEENBOHEIICH Y, £1-BS
BOFHES DL —ThH 5. ZD7=w, SE-Dome TIIAIREFE /> FRAE Cilh B DRSS
D 880 ZEF L THE Y, SE-Dome 7 A A TIIMFEE A X2 MaD §%0 OETh ik L
TW% (Furukawaetal.,2017). ZOMWEIZLY, T4 227 D §%0 (8"0core) DIEET
07y AE, KREEFRMABRZES LR EET LV E RAERET LV (£
2} REMO-iso (Sturm et al., 2005), iso-GSM (Yoshimura et al., 2015)) 7 SHEE Shu7z
e D 3180 (8"0moae) DPIRFRINT BT 7 A NDT 4 T 4 2 T X0 EHEEHED H
fHOfF 53 A REIZ 72 o 7= (Furukawaetal.,2017). LA FIZ, Furukawaetal. (2017) O4AX
WEDFEEZEMIZET. £3, T4 A7 OHEE 08 m 5 86.5m £ TD 1551 fHD
S180 OMIEMD HHs 5K EFFALE T LD §180 OGRS a7 7 A )L L [[EN Al He
22170 T D2 A KA v REARE L, 210 OREIORE 23t L COKLERNARE T L
O BAFERSATT 72 (Fig. 2-1). WIZ, BEV &9 2 A RA v NHOREO A A 2 #TEN
R X D HEE LTz,

SE-Dome 7 A A 27 OERKEI, FRBBEMORUERE 2 AV CTREED T

(Furukawaetal.,2017). 7'V —2 7 o FIKIRTIL, #i5r HOBZBAFEEE 1L SRA0 D3RG S 4Tz
1963 IS T BHARBITAT O T KIBEBRIC L 5T, 1963 FEIZ b Y F U LORED B —
7 W85 (Koide etal., 1982; Fujiietal., 1990). SE-Dome 7 A A2 7 D U F 7 LADYE

— 7 % 1963 FFEIZHHH &7z (Furukawa et al., 2017). 7' U —>27 > K@ Summit 7 A A



15

a7 TIE, 19146 A 15 HOEF Y RKIIDOWEKIZ LD SO D —727 75 1992 FFI2
HEh 5 Z LG ST 5 (Abdalati and Steffen, 1997) . SE-Dome 7 A A =17 0 SO
H 1992 FICa TR RO E—7 B &7z (Furukawaetal., 2017). BALE XD, R¥#E
J& & SE-Dome 7 A A =7 OFEMRIREITIL, 1 FOTNH RSN -7 (Furukawa et
al.,2017). %72, SE-Dome 7 A A2 7 O 1 71 H B A OHEE L, MHERFEWE TH
% Na' I & CUREE 2 IV TGRS T 7z (Furukawa et al., 2017). & 3KEEIC
XV MHERG T, WAL O KRR S, 74 2Aa7Ho Cl e Na' O
<75, Nafl, KERHFOMICHiR L e L, OB 2 LKA TN HERE
IND. LENR-T, Cl e Na'ORENNE L D BIZZOZENHAPRIZZR Y, CI/Na™»
B — 271272 % (Gengetal., 2014). b L7oFERREIC K D SE-Dome 7 A A =27 @D Na'
& CI/Na'® 1959 4 —2015 £ ARHEHEIL, ThthA LBy —7 2R
(Furukawa et al., 2017). F7z, &HFIZIBVT Nate Cl/Na B i KM Z 7~ 3 H OB Sy
ilk, Na*& CI/Na'ILITERSMOBEZ R L TEY, ENENDOERDAMOHF LT 1.3
A Rz 21 H) L 67 H (BEH¥EZ:1.7H) THY, ZhbOEEFRAEND SE-
Dome 7" A A =7 OFFIHNLTORZEITH 2 H A LHEE S (H)I, 2017).
Furukawa et al. (2017) Ti, #EF A7 & OFEMRIREIZHA ST\ 5 stalage 7 /L=
U XLIZE Y, SE-Dome 7 A A 7 OUEIKAEHEDFRZE (95%(ETHIX ) 3P E S 47z,
Stalage 7 /L= U A AOHEEIILLF CT& 5 (Scholzand Hoffman, 2011) . £5#EHI % L C,
OyNTIRETR CICRINT S AT 0iEE B 2, WS T ICHERET 5 3 BBt sMil 2 3Bk
A% 2 E OB ORRAEFFA O H T 7 MR L, SMI 2 502 [ELRR T A
THH®ROFEIO AfHZRET D, [CZ &2 EEETTV, Fleoieto A Ao ERSAm
VR L, 95% SHEX R ZET 5. SE-Dome 7 A A3 T I21%, BLEOVEEINTEE 1A
DETOREHIXT L TIToL, FilklD 95%EFH XM AHEE S 47z (Furukawa et al.,

2017).
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2.2 7AROATNEELLEST

2015 4£{Z SE-Dome THREHI 4172 90.45m D7 A A= 7  (lizuka et al., 2016) % $AELKI
100mm FHZHEIL, BT I v 7 T4 7% HOCREFRRIAE LIiBYa bk Lo,
HERARY 7o e L RN TR L, WRGE 2R U7, SR OF1FA A4 iR
VXA A 7 a~ 7T 7 ¢ — (Thermo Scientific #1: ; ICS-2100) Z W CTER L. B
A A ORIE (Na¥, K, Mg, Ca?*) (Zi%, 57 7 212 CS-12A (Thermo Scientific £ ;
1CS-2100) # FHV, WEHERIZIZ 20 mM O X & 2 ALK Ui Wiz, fBA 42 (MS,
Cl', SO, NOy) OHIEITIE, 47BES T 1T AS-14A (Thermo Scientific ££) % f»,
FEBERRIZIT 23 mM OKER(E D Y U AR 2 iz, BEHEIA — 377 —T 1 mL

EALT. RSO B W THIEREIZ 10% L T THA.

2.3 EBERTOTIL

SE-Dome 7" A A 27 DFFREEHIIE, FIREDRAED I5%EHIXHE & LTHA
5 TW% (Furukawaetal.,2017). Z OFEMIREBRED, BHETFA 4 REDOFEH B
FOFHME RIS D2 2 LN BESND. £ 2T, FEIEAEID 95%(F X I K
DWEIERDTIND T o X DTRRAEOEZ I L, £ OREDEZ TV TYHIDEMRD)
LOTNEEZ, Bl RERE L, TOFERITESWIZFEMEB L OFEHiEO FLHHE
+] FEMER A & RRZERIDH & LTz, T OB, BWIRRENI 525 7 U ¥ L 7RRR7E1T, YR
B ARIZAE > TEIARL AT 9 Box Muller % (Box and Muller, 1958) 23ME# S 7= #iit

it 7 ~ R @ rmorm B A L7-.

2.4 BRATFINERARAT

712 SE-Dome (24T & 427k L2 MSA ORRIRAZHEE T 5 7= D% 5 iR
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HT1Z1%, National Oceanic and Atmospheric Administration (NOAA) 2342t L CTu>2% HYbrid
Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model Zffif L7z (Steinetal.,
2015). HYSPLIT €7 /VDAS)T—4 & U ThoNRLE /RS EH# T, HhmEE, ik
JRGHE, IR, EEEIERE S R E AL OKETH S (Draxler and Hess, 1998) . ASHF
ZETIE, 2D DOKRREFIZ NCEP/NCAR Reanalsysis (Kalnay etal., 1996) % L 7=.
HYSPLIT &7 VN D EARRY 2 22 5BE OB IR OFHHEIL, LTO XS5 IZ L TThit T\ o,
£, EKSLOWHNE (P(t)) (2B 5 3 RLEE~Y Mv (V(P,t) ZHWT, At
e t% DZE LMD FE —HEEME (P'(t+ At) ZED (X 2-1), KIZ, ZEXKILOYIHINL
& & HEENLE IS D 3 TR Y b VO % FV T, ZE IR WAL E 7>
BAtHRF S ONLEP(t + At) ZHEE LT\ % (X2-2) (Draxler and Hess, 1998).

P'(t + At) = P(t) + V(P,t)At (2-1)
P(t +At) = P(t) +5 [V(P,t) + V(P',t + At)]At (2-2)

Z DOIAR IR ELILOB I OR A2 FIZ LT, KRREENEIZRIT 5 22530 0 5Ltk

DN R EA NI Y HYSPLIT &7 VMR ST % (Stein et al., 2015).

2.5 [RBEBITT—42

SE-Dome 7 A A7 H D MSA OEBHFK L LT, DMS OKFEAHIA T & oK E Bz
Jir

k

FEZfRHTIZ . DMS ZEN S RKUTHH S 2 EHRD—2>Th o U A SZHIREE
1, e 10 m JROE &K EIRE 2 OB RE SN TR Y, TOW, L 10m &
IR < KAFT % (e.g. Huebertetal ,2010). F7-, WEKITART 2 L MEEORKELICE
532570, W77 7 b rO7 00— LR0MEF O DMS JREOEENZ K X < 2T
5. RBFFETIE, 245 OTIZ ERAS KGR HT7T — % » I (Hersbach etal., 2020)
2R U7z, Y b 10 m RGEE & WA i IR S L VR AR AR 20 1 IR, 28 IR G EE A3 0.25°%0.
25°0 7 v F 7 MR LTc. WKIZIE, KR ORFRIMRGEES 1 efi & 1 0 A,
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ZeREAMRAR E N 0.259%0.25°D 7 2 7 R &{FH L7T-.

2.6 BEHAN /OO T )LaT—4
HEAKH O DMS B, W7 T v 7 b BMRNOIRSEERETCHIER L O 72 DI Ak
T2 DMSP BRI T UTICE VS D Z ISRV EREND. M7 77 hv
DA A~ ADOHKE D7 anv 7 4V a (LLF, Chl-a) £F1X, European Space Agency
(ESA) 7% Glob Colour {Z CH#Eft L C\W 2 Chl-a BET—% &y FEHEHALE
(http://www.globcolour.info/) . ABFFETHEH L 7= Chl-a J£ 1L, bio-optical &7 /MZHEL
t > (SeaWiFS, MODIS (Aqua), MERIS, VIIRS) ® Normalized water-leaving radiance
(NWLR) Z AN SHTHED bbb D THS (Maritorena et al., 2002; Maritorena and
Siegel, 2005). HEEOFEZBM Chl-a BEZ LAYy RLTWAHT0, HAERFRIC K
% Chl-a IRET—2ty FED b, RZEMMGED M <, It TV 7 —2 DI
HE<, 1998 b HIEE CTHIET D (Maritorenaetal., 2010) . ABFZETIE, RERIAEE

FEAN 1 I A, ZERIMRAGEEDS 4 kmx4 km O 7 v &7 | ZfRHTICHE ] L7z,

2.7 BEHAET—4
7Y =T REEER O DMS HSROT T 1 ' VO & ERA 85
B L OERE L OBMR & @ L7=. EF—% % v MIIL, European Space Agency
(ESA) 723Ef: L T 5 Cloud-cci AVHRR-PMv3 5 — 4 &~ b &f#i [l L7= (Stengel et
al, 2020). ARTF—H &y MIEMSNTWDEEIT, B E S REES
(Advanced Very High Resolution Radiometer; AVHRR) % #5# L 7= NOAA @ 7,9, 11, 14,
16,18,19 SHTH YV, I DITKHIT O B2 13 FED D 15 KD @i 9~ 5 il
ERRTHD. T2, A7 —2ty boOEKRLE T e X7 b (Level-3C) % fiH]

L7=. Level-3C 7 &7 M, 1982 EGHIEE TIEEL, R0 MeeIX 1| A%, 28
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M43 RAEI 0.05°%0.05° T 5. EDOMMTICIE, = KR, HFhE, &E), KE

&= (&),
DERIAENE (CERiqua), KEEKE (LWP), EIEHEE (CTT), KEDONFHE
S (COTLiquia), 0.8 um DET N REEH L7z, ED453EIT International Satellite
Cloud Climatology Project (ISCCP) DJEASIZHEML L C, IKEZEDS 1000 —680 hPa, )=
E73 680—440 hPa, FIEZENS 440—50 hPa & FEFK I4L T 5. Cloud-cci AVHRR-PMv3
T =2ty FOEDNFHE S RERIA R E ORI RHET, BEHREOFH
BT — 2 2T 5 2 LI XV HEET H 702U XL (Nakajima and King., 1990)

DFH SN TS, KEOEREEIEE (NavLiqud) 1%, Gryspeerdtetal. (2016) DL

DX EHNTEH L.
1 5
Ng ,Liquid — ]/f(T) COT, quuld CERlequld [Cm_g] (2-3)
1
y=137x10"° [mz] (2-4)
f(T) = 0.0192CTT — 4.293 (2-5)

FMITEEEEECTHY, BHIBEIZLZ>TED LN TV SE4 (Bennartz, 2007) %
ML

Cloud-cci AVHRR-PMv3 7 — % &~ N TlX, WHERBOWM T 7 7 N 3 FIH ATRE
72 HHHEOMIE & U CORA RAENE BORHEE DM THOI TN D, KA R 2 &I
(T, WA 1982 F —BUEE TIFEL, WRERMMRIEDS 1 7 A, ZEMMRED
0.05°%0.05°? Level-3C 7' &7 ks ZfEHTIZAE A L7z,

WoKIRIZ B W T, ELMPKOBRBRAIC L VIRENRENWZ AR ST D

(Stengel et al, 2020). AMFETHHAT HETHET v X7 MIEBWT, ERAS JGH

AT T — &2 DK EEDS 10%LA_EOWHRIZ IS 1T 2 EITfRT 0> SRS LT,
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Depth (m)
32 31 26 25 24 23 22 21 20

LS T T S T S S Y T A A A B

- f
: X/EKK u

301 —
1999/12/6 2001/4/19 2002/9/1 2004/1/14 2005/5/28

Date (yyyy/mm/dd) s &7 7R > | EH170D\FR

880 ice core (%o)

normalized &80
model (%o)

Fig. 2-1. The schematics of the fitting method between 6'*Ocore and 8'*Omodel.
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FEIE. 1960 FEN 5 014 FDONMAKETISYIREETDEETER

3.1 [FL&HIC
JetaE TIL, 71272 RO Sevettijarvi Tix 1995 4, AT 7 — /L VLEEE D Ny-

Alesund TIE 1998 £ 5 2009 4, 7'V — 2 7 & RALFEERO Thule TiE 2010 425 2012
i, AR Z B ORI E L7z Alert T 1980 425 2009 4F, 7 7 A J1 O ALfik
M1 L7z Barrow TUE 1991 42275 2004 4RI KT v Y /LHIOD MSA iR EE DOBLHIZS
fThbilz (Peietal, 2021). O, 10401 B LT MSA R ZHIE LT 580
AT, 717 & ALHGE Alert @ 30 4R & 2 7 7 — L S LEE s Ny-Alesund @O 11 4[] O AT
&Y (Pei et al., 2021; Sharma et al., 2012), K& DOER I L OZEHIEE D MSA R E DO
FHELL EOEIZEITHA L N2> T, TA A a7 LR EICHRE LIZBESh o0&
FRAFA T REZRGF L TWVDD, BEEN/NIWVE, 26 OHERERZOFERICK D
HRLHRORBRRKELRY, RRFOZT v Y VREDOE TN A AR D

(Curran et al., 2002; Delmas et al., 2003; Weller et al., 2004; Hoshina et al., 2014). F7-, &
FROFEXBLOBHBEOIELOEINKE NG, REICHEKELZFR L TRO DA
FUHRET T v 7 ACEFEBONAL T ANEL D, AT, FER PR RN Y
—V TV RKKROMDOT A A a THEIHIA & T 34 FERE L, Fx B LOFEHE
DWEEDITLDEN/NEIV SE-Dome 7 A A7 ZEHL, EBRLETA 237
K42 R EM 2 R/ME L, KA=7 v Y V8 & R ORI iFRE & FSEE TR AF O

MSA BEOEEHE It L.

3.2 EMPELUVEEHBEBOMAMBE IS VI ANDELREIL
1960 E2 5 2014 FITFHY 3% SE-Dome 7 A A2 7 2EFOAF 395 WEHZIBWT
MSA MR S 37z, ZHUE, 1TEMSHZ VK 7REHZB W T MSA i a iz Z Lz

FYS9 % (Fig. 3-1). WEEEHEIZH LT MSA IREEICKYEEI AR L, FEICOV
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THM (1 A~12 ) BLOSFHEE (%1 A~3H, H4H~6H, E:7H~9H, #:10
HA~12 A) ICHEE L, MSA #77 v 7 2 (LLF, MSAm) % HFEH 7. SE-Dome
T A AT D 2002 4 —2014 FDOEM D MSAnw O FHIMEIE, 21 (1960 4E—2014 4F)
DONHEIZK L CHEICE D> 7= (Fig. 3-2a, Table 3-1). —J7, 1972 £—2001 D
D MSAnx D FEEMEIE, I OFEAMEICR L CTHEICK ) > 7 (Table3-1). 1960 4
225 2001 T NT T, FRHIO MSAmw 13, AERBAMEMZ <L (-0.0061 mgm2yr !,
p<0.05), 7V —2T 0 RHNEROEEDOT A A2 7 D MSA D 19 kg 05
20 A2 T TOWAMEA (Legrand et al., 1997; Maselli et al., 2017; Osman et al., 2019)
EBE LIMRPEONT. —TF7, 2002 LD MSAn DIINCE L TIE, 77U —r
7Y RNEHOT A AaT7R0R[RTT a Y VBIANC X 5 @G FEFINES, ABFEIic LD
WO TR T,
SE-Dome 7 A A 27 H D4 H D MSAnuwx @ 1960 4-—2014 FEOFEfEIL, 4 HHHE
e, 7 BICEKRMEICEL (Fig.3-3), 0%, WAMEI 27 Uiz, —7F, FRED MSAnx
21, BUTICRT L D R EAZ# OBV R O, Fig. 3-4 12, 4RO MSAmx A3
HM (2002 42 —2014 ) & ARV (1972 2 —2001 42), HREEOHIR (1960 4 —1971
) O HBID MSAnex O FEIEZ 7787, 1960 42— 1971 40D MSAnu 1%, 3 A2 DML,
AICHRKRMEIZEL, 11 AT Tl Lz, 1972 45 —2001 420 MSAnx i, 2 A0 D
WL, 7 AIZECRMEIZE L, 9 AIZmT TRIRIZHED L7z, 2002 45 —2014 4D MSAqux
X, 1HEZBLCHICRE S, 3 HNOEML, 7 HICKRAEICEL, 9 AL TR
U MSA ZERBHHET 72, 2002 42 —2014 4FD 7 A —9 H D MSAquw O I, 1972 4
—2001 4FIZxt LT 3—6 5N LT, 5 3.5 L5 3.6 Clx, AL RiErED bk 45
FELIALDIEPEC BT DM T T o7 b DT — LW TH D 4 H—6 AEHE, 7V
— T REOFKIO 7 —LOHB TH D TH-9I9HAZH L ERL, TNLEN

DZEFIZEBT D MSApx D% 2 b & DO HER Zikind 5.
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3.3 ERATREICLDAIMAHBE IS VI ADRE

MSA Gt ZAT o727 A 2 a7l B OFENRHEETRE (95%EHHIXHE) DI ERZ=H]i
EHENTWDIGE, T L OEHIEO MSAm OHEE () U F LD AR IZFERHE
EREMEI L TWAD Z ENBESND. 2T, FRHEEREICER T 2 MSApw D
FRFEZ T T NV BIEIZEEDWTLL T O X D 2Rl L 72, BB O AR D 95%(EHH X [H

(Fig. 3-1) IZESWEIERAMAIZESTT X LZAH Y PF A0 A 60T 5
Zy BT EREHRE L, TOERITIESHTHEME L OFHEED MSAn = HitHE L
o (FU A LRS- AR) . W, Biicie A E 2B, YA SRk B A5
DNEFENHEEL, T A 22T OREFMONEE & FET HAReEr 5. ZOkE, F
U PO AMNG T o H AHEE STz AR~ OB DIEAEOFEL D A {2 B H3 e
WE I IZREEDH 2 FICHIRZ7% ) 7= (Fig. 3-5). LA EO/EEA 1000 [El#: 0 3K L CTIT
VY, 1000 JE Y OB MSAn 38 L OFEHiIfED MSAn 23K, 16 OFHE & IR HER
kR, RIS LU O MSAnw O FAfEE] BEHERZAE L T A A 27 OFRIRER
ZEITHER % MSAn DRAZERIIH & L7,

VL EIZ7R3 SE-Dome 7 A A =7 OEMREMZE L EE L 72 MSAu D H

(MSAfyx simulated) &, Furukawa et al. (2017) OFERIREIZIE S AV PF LD MSAqu
D (MSAfiux.origina) D FEBE A AT o 72, F- 136 K OZEHIE D MSAfuxsimutaea D 4F % 201,
MSAfuxorigina & [ U ZEALAE 7] %2 7R L, MSAnuorigna O IZ T R TOEICE W T
MS A fuxsimutaed D FEZFIPAN Td o 72 (Fig.3-6). F7=. F{RED A BID MSAfuxsimutated P
ZEAVAE T & MSAfuxorigin & 2240 5T, MSAquxoriginal D EIE 1960 - — 1971 D 8 H Zfr<
T RTOAIZENT MSAquxsimutaed DA A HIFAN Td> - 72 (Fig. 3-7). LA E2 5, SE-Dome
T A AT D MSAnx DFEX I LOFHIZ I L T OERZZET LR, FRIRERE

DIEIRIC & D MSAn DZALITTG TE 5 &l L7,
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3.4 SE-Dome [ZEIET HERIRDIIRIHETE

SE-Dome 7 A A AT INZEHENDEHEFA A U IREDOEI B 5 2 L il & %
DEMBREZHEET H7291Z, SE-Dome (ZHEIET 5 22 XILD FEMEZR D ZE M /04 %4 R &
72. 1960 405 2014 4E0> 6 K§fi4E (UTC 00h, 06h, 12h, 18h) (Z SE-Dome 78 %t
Hi R 10,200, 400, 600, 800, 1000 m (2 H #3522 RS DUVVT, @757 AN 1 RfH
B 1.0X1.0 EEFERNICH T HACEEHR (R, #REE, &) % HYSPLIT model £V
SR L. (R ETHHMICENT, &7 U v RIZEKBENAFE L (Fry F&Eivk)
FE DG E, X TOTay METHRLEZMEEZ, £7 0 v ROZBKIHOFIERRSE
(Existence Probability) & L CHIH L7z, TOE, Z2RMNIEE L7-E 2 1000 ma.g.l.
FOEWEAITFEN OB Lz, £72, MSA ITEAICIRV A Eh0d < @Mk 4
DEIGHRENTZD, TRTOWRBMRO 7 1 v MIx LT ERAS [EFEMTT — 4 O
SE-Dome DK% Fe U CEAMNITEITo72. FBENCBIT D ELIILOFIEMRE D R
FEEE S % Fig. 3-8 (9. F£72, BFEAEED 100-60, 10040, 10020 & 72 A HE % Z 1
Z ¥ CDF40, CDF60, CDF80 & L CHi[X 2529 (Fig. 3-9). 1960 4 —2014 4% x4
E LT BB ORISR 01X, £ X0 b EOF /NS -7 (Fig. 3-8, Fig. 3-9) .

UL, EDFH SE-Dome (21T WVEE D H 25BN A ST W2 LA EKT 5.

3.5 EDMAMBEISYI RDEHER

1960 7> 5 2014 FFIZ0T THRD MSAnw &, A B2 (BN & 7R~ S 72035 72 (+0.0002
mg m?2yr', p=0.89) (Fig. 3-2b). VEHFEH D DMS Z KXUZHH S 5121%, WFEF O
DMS JREE & HAZHRFENEE Cdh 5 (Liss and Merlivat, 1986; Huebert et al., 2010) .
PEP o DMS X, RIS T T 7 b NG ERECHR L D72 DI A3 % DMSP

MR TIUTICLONRENDZLICXVARESND WM F 7 N DMSP i
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X, M7 77 b O D, DMSP 725 DMS ~OEBNE L N7 TV T
DR EERECH S, KIRFOBRER 72X > TE{bT 5. JLRAEED IR 45°—64°,
PR 25°—45°12 81 Dl 7 7 v 7 b BB A VT8I &, EEEE L R R B TE
TERIE1E 1957 4RI 5 2006 AEIZT TEL L TWRMN -T2 Z LR ENTWS  (Head
etal.,,2010). KD/ 7 U 712X % DMSP 725 DMS ~D B0 BITFRAEAL
IELARWEIRET DL, WMWMT T 7 b ODFEFTN—LDEEIZ L > TP D
DMS BENET D ENBESND. ZOLIRREDRKT, WH7T7 7 b d
NA G~ AD AL L 725 Chl-a 2% & SE-Dome 7 A A 27 DFFED MSAquw DA% ZELD
e A 4T o 72, 1998 4E00 5 2014 4235 T, SE-Dome 7 A A 27 FHDFFED MSAgux D
Fx 2L L HREBINC X 5FD Chl-a REDFE LB, 7V —2F 0 FEEIHOA L
LA TR WA E R IEFBZ R S L7z (Fig. 3-10a) . D MSApw & A /LI 2 H—
g (AbfE 55°-62°, PHif% 22°-38°) @ Chl-a i D FEIKEEIEOFHBIFREI 0.69 (p<0.01)
Td -7 (Fig. 3-10b).

B ASSHGR L, W EEGEOHINC > TR & <7225 2 & BSMEER O FBRAERIZ L 0o
ENTW5 (Liss and Merlivat, 1986; Wanninkhof, 1992; Woolf, 1997; Nightingale et al., 2000) .
e EDORZEA A A EIWIFHT L5 K& LHEED DMS R OMIE & e BE %
LA B D TH ASHGHEAHEE SNTZRER, 4— 12ms T RREO AW TITH R
AR E DB D 87% % - 10m FUETHIATE 5 Z L3RS T2 (Huebertetal.,
2010). —J5, [FEROBHFIEIZIBWT, ¥ E10m B2 11 ms™! 28 2 5 a7
Bl HARZBHEENTTE D Z &b SN TS (Belletal, 2013). AHFFETIX, Bell
etal. (2013) O#EHIT—4 15, EE 8—11ms! (Intermediate Wind; IW) (ZFW\NTH A
RHHE NI b K& 72 nD 2 & 2HAMY, ERAS [RHMNTT — & O E 10 m EUE
ZHWT IW OB (Frequency of Intermediate Wind; FIW) ZHEE L, HFD MSApwx & D

B A AT L7=. DR, FIWIXZ U v R0 IW O34 RIS O FEFE & ¥ iF 4 CTha
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L7oflEe U7z, &7z, WoKm &K LT, BEEFARKEELRY, ERAS DKL
FHRNTT — 2 O b 10 m BGRIZ A T ARDDDH 720, WKBEHEED 10%L2L E OV
IXFRHT N HERSL L7z, SE-Dome DFRD MSAp DA% 22k & FD FIW DA% ZE{KIZIX
7V =T 2 RERDOMOWER & [FERIC, AV 2 T =B\ CHERMAEIE o
7= (r=-0.04,p=0.87) (Fig.3-10c, d).

LLEX Y, SE-Dome 7 A A7 HDFED MSAnw DEBNE Tl AN T
—MDHFEFETN—LOBEICRESAEFHINDGZ ENRBEINTZ. 22T, AVIUH
—iEDFR 4 H—6H) IZKRKFITH7ZH IH7z MSA 75 SE-Dome D5 H IZHaiE S 41
TWHZ &%, MSA MR & LITIEITN D LIE LT, BFTRBMAENTIZ XV /GE
L72. Fig. 3-111CA V2 o H—EO X HE 1000 m LT 2 @it L 72 2253853 SE-Dome

ICEIEEL, BEE2 L6 LT AR RT. AV U0 —f% i L 722258853 SE-Dome

ICERZELRESZ 6726 Lo BEUE, 1998 4F—2014 A FHLT27 HTHY, 4 H—6
HOEBAED 30%I2/4 L= (Fig. 3-11a). £7=, HIZA /NI A —i% @R LT SE-
Dome (Z8# L7225 RO A B OFE 2 Z{0iE, 1998 4—2014 FITHT THE R
DERZ R L2 (<11 daysyr!, p<0.01) (Fig.3-11a), HFD MSApx DFEX L EH
B FAREBIR A R S 2o 72 (Fig. 3-11b) . F£72, FRE (1960 4—1971 45, 1972 4F
—2001 4, 2002 4£—2014 4) OFIZ SE-Dome 222 HIEE L 7= 22 RO IF(ERER % *f
HE EE 1000 m BA NICEIT 28018 5 IZOI 0 5 THEE L7z (Fig. 3-12). X TOFM
IZFBWT, FRIZ SE-Dome ZEIZHEE L 72 BRI AL, A VI T —ilFlZH0
THRHEEPMELS R DIEEREL 2D T EDRENT (Fig.3-12). UL EX VY, FFICZ SE-
Dome (ZEIET 5 MSA X, A /v A —ilOWKEAED b HHZ <k Sh T
Y, SE-Dome (ZEIE#T % 22 [ O EREIE DZA{LR SE-Dome (Z351T 2 FEDOMBEE B KD
BACITERD MSAnx DEFEX ZALITER L TV o e 2 EREZBNRD.

PLEX Y, SE-Dome 7 A A7 DFED MSAnw 1L, 1960 FE235 2014 FI2T CTHE
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IR &2 7R 97, 1998 4EM D 2014 FEDAE 2 AL A V2 v H—EDFED Chl-a
FEIZRES B INTOD Z ENGD o772, 1998 4 —2014 420 SE-Dome 7 A A 2T D
FD MSApx & ANV A —WFEDFRD Chl-a IO IEDOFBRGRZ R EIZ/MET 2 &,

1960 =05 2014 2T T, FEOA NV AT —RIE O ATERITAEEICEL

LTCWRholzZl ENEZLND.

3.6 EDQOMAMIEIS VI RDEHER

H O MSAnu 1F, 1960 4005 2014 2T CTHEZRIME R 275 L= (+0.0037 mg
m2yr!, p<0.05) (Fig.3-2c). F7z, 2002 4 —2014 4D MSAnux D FEEIEIL, 1972 - —
2001 F-DOFEIE & LT 3—6 f5HI1 L7 (Fig.3-4). B D MSApux DZEBNZER 2B 5 >
(ZT D121, RO MSAnw DAEBNEIR 2t L2 & & L[RBRIZE O MSAn & Chl-a 2
B, FIW, #KEEEEOMBREZ RO, AR REERS S ) —> T > Niff, 27U —
7 v FRBIBRFEEIZ IV T, B 0O MSAp D% 224k & H O Chl-a #REE, FIW, K
BHEOF A2 ZALOMICIE, AEZMEEEZRITIAON -7 (Fig. 3-13). £ Z T,
2002 4E—2014 D E D MSAnux D 3—6 fFDOEINNA, SE-Dome O JEIMEHICI T 5 K&
RERBEOEIZL D LB 2, FNREO Chl-a JBEE, FIW, WKEIRE, #kOEICE
HL7.

SE-Dome 7 A Z AT |ZE £ 5 E D MSAnx DEEN i b B & 52 5 W2 HEE T
%7212, SE-Dome FZEIZEE L= RO EMELZ RO (Fig. 3-14). WTho
W (1960 45 —1971 4%, 1972 4= —2001 4%, 2002 4=—2014 4F) %, SE-Dome |[ZHIEE L
7o 28 KELAMFAE Lok, AL REEE 7Y — 2> T v RIIZIRN > Tz (Fig. 3-
14). FrlZ, 7V —r 72 FERERRERORK FEIEE, ERILOFEMRER D
- 7= (Fig. 3-14).

RIZ, Chl-ag 2 E FIW [ZDW T, MSAp 8@ WEER (2002 2 —2014 4F) LKV VE
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X (1972 F-—2001 F-0) OFEED %KD T= (Fig. 3-15). 2002 -—2014 40 Chl-a
PEFEIT 1998 £ —2001 RISk LC, 7'V —r T v REFEEBICIN » IR CAEICE

< (Fig. 3-15a), 1960 4= —2014 £ H Z8|Z SE-Dome (ZFFE L 7= 225D % 7 HE D
TFAEMER O BFEESA 100—60 & 72 % CDF40 ##k (LLF, E ¢ CDF40 ¥k & 524.)
(Fig.3-9) 2BV T 020mgm MM L7z (p<0.01). —77, 2002 4—2014 D FIW (%
1998 4= —2001 4FIZ%f LT, MSAmx & Chl-a IREICHEREENAONT- 7V —2 T K
NI O THEEZIT R O (Fig. 3-15b), E D CDF40 ##EEZ3\)T b [FIERIC
BEEBAOLNRN>T2 (+1.1%, p=0.53). H 0 CDF40 I H51F % E O Chl-a £
OFARHENE % Fig. 3-16 127879, 1998 4£—2001 4=1%, 0.2—0.4 mg m> [ZAHRHAE D K
E R SNT-DITH L, 2002 4£—2014 1%, 0.4—0.6 mg m™ (ZAHXHHEEE O e KA AN R
Siviz (Fig. 3-16). D F D, 2002 =—2014 =D HMN, WM T 77 b OAEERNK
&<, 7V —=r 7y RERBFIEER B S D DMS IRENR K E o722 ENEZ
bihb.

WK TR EE OBIINE, 7 IR N &8, HAZHEE 2 K& < L, DMS ik
HEZHEM IS (e.g. Wanninkhof, 1992; 2014). X ¢ CDF40 #2517 5 2002 4 —
2014 4O HEHRE OF-EIE I 1998 4-—2001 FFOFEEIZR LT 1LICER Lz (p<
0.01). 12 X 1-6 LV, WAKEIEED 1.1ICHOEFIL, HASKZHHEED 4%DOENNIZ
WHET D, ZOWIEIEIE, EO MSAqx D 3—6 {FOHMIIT L THE L /SN2
WK EEEE OIS DMS DU B 2 2 BRI EIZE O MSApx DHIINZIZE A E
WEL T\ WnWZ EREZLND.

FENOKIRCIE, WOKBRIC X0 WIS HE ST OK B ERE ORJE 2 L, [F
RSN Y725 2 & C, WPERE TR T 77 b7 — LR E, DMS REN
BMEDHZENRENTND (Wuetal., 2007; Gali and Simé., 2010). D F V), FEHEIEK I

IZBWTIE, Mok IB H N BERE~D B OMEE L KIS o 2 4 2 o 7 2HIE L,
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TN—LDORERLS A I T B %, WETODMS IREICHEZ 5252 EPEES
5. AT, ERAS [REFHMNTT —Z D& 7V v RIZBWT4 A 9 HDORIC
1 RFEIEIRR OO 7 — 2 & > b OWKEHEL O B B %2 10%% Flal> 72 H %2 DFED
MK #R H & L7=. 1960 452014 40> 5 0> CDF40 #2351 2 H B O¥EK i F4 (SIEcprao)
DRI 2, HIERD[EEAAE AR Z B8 L CRIL72& 7Y v FOmEREIZ, ke
B O A% U, CDF40 ¥HIBIZ B W CRE T2 Z L2k v AL o 72 AIF%ET
1X, DMS 3D B REUS U AT RE /MR O HifE 2, CDFA40 {iF DA HE 5 (SEcprao)
(2RI 2 BH KRS (SEcprao —SIEcprao) DEIG & LTz, 7V — T v FED O ik
WICBT 5, BEROWEKEIEBOEHHEE Fig. 3-17 12, 1960 £ —2014 ED@ED
CDF40 {3517 54 H OB/K i mfEEIS OF: ~ 2% Fig. 3-18 (237, 2002 44—
2014 1L, WKOZIBN T ) —2 7 2 REAEOIZ E A E O T 7 AicA L7 2
ENRENT (Fig.3-17¢). 1972 -—2001 D7V — T REFHERIZEIT D KIL 8
HETHE-TEY (Fig.3-17b), 1960 = —1971 FE03 bi#E<, 9 Al > TH %Ik L7
WIS < AL BT (Fig. 3-17a) . CDF40 VRO Bl/KmmfEEI &1L, S0 H b 2014 4
(22> THEIMEMR 2~ LT Y, 7 AIZ CDF40 #HEOWEK N FEAIZBE < 423, 2002
ELIRRICHRE T D L D127~ 72 (Fig. 3-18).

WK BRI DUETER BT D 7 — W%, HKHHRIC & 2 BB LUK T 7 A A
TNT =D, WERE~OBFHOMBIZ IV EREIIhD (Wu et al, 2007; Gali
and Sim6,2010). A HDHEHRON, WHERE~O HFOMIEEIL 8 Hind 7 A2k
HIBDNEIUET 2 2 L CRELS BT HZ LRSS, 22C, JV—rF 0 KM
FIN D CDF40 HHBIZ 51T % 2002 45 —2014 FEOWKZIB A3 7 HIZ72 0, 1972 4F
—2001 FL AT 1 W AR L2 Z & C, WHERBICHNE SN D B RO A f#
BB X 2B A &2 VW CHEE L7z, Fig. 3-19 1%, #REBNT — & B FE

LTU % 1982 - —2014 DA A Zh i 8D CDF40 s30T 5 A Bl O FEHE %
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RLTWD. 1982 F—2014 DA A DB BEONFEE L v, CDF40 #f#ko 7 A ©
ARG R 8 AL T 191 Wm? (p<0.01) ®W\WZEnrEnz (Fig 3-
19a). L7235 T, CDF40 kI W TE OMPKZIBRAN 8 AD 7 IR E o722 &
I, WERB I SN B EZHOL, 7 —20LICHIR L2 BB b
%. =75, E D MSAnw D3H\ 2002 4F—2014 4F & KU 1982 4E—2001 AEOEBIZ B
T, BEEOEAHHREICEET 2 HNELZZLIE T D AREENRH D, 2002 4F—
2014 4 L 1982 2 —2001 FDE (7 H—9 H) O HIZHB T DG A 2 R0 7E1T
FREN58Wm! (p<001), 48Wm'' (p<001), -1.7Wm' (p=0.11) Thol=

(Fig. 3-19b). 7 A & 8 H OFEMRM DA KA NS EIIFHEENED bR, k
U7z 8 ATk 2 7 HONARADB EOHME (19.1 Wm™) LTI
INEWY, LT - T, FRENCBWTEREORUIC L0 R mICBET 2 3 S350
L7cZ k0, Miok%iIBAN 8 A2 D 7 AICHEMIL L CHERBEICHHE S d A&
DR T2 E DR T N—LOLICER LT Z &R B2 HD.

LI EDFERD S, SE-Dome 7 A AT D 2002 4-—2014 FEDH O MSAnux & 3—6 5K
ELLEERE, UTORAI=XLTHDLEZZLND. 2002 2014 DT Y —
7 ¥ FRBIN S OWK%ZIRT 7 B2 Y, 1972 42 —2001 FEOWEKZIE XY H59 1
AARERLS 705 2 & T, WEREICIGGE Sh D tE AR &3 M L7 (Fig. 3-
17, Fig.3-18,Fig.3-19). 2002 4£—2014 (2%, CDF40 {231 2 R ok %R &
[FIIFIZ Chl-a JEEEASHE N L 7= (Fig.3-15a, Fig.3-16). LA Lk v, 77U —rF 0 REHRN
FEMEER CUE, Wk O BHItIR & ERIE ~0 B it 8oz Wy~ 2 7 o7
N—LZGb L, DMSIRENEE Y, MED H KK ~D DMS &ML, Kih

D MSABEENEIMLI-Z ENEZLND.
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3.7 fthihigt DK IZEEE S % DMS I ED E 1L

AMFFETIE, MoK IE R ORI R E O/EY)/EEE & DMS IREOHINZ 5| =
L, WENDRK~D DMS it EDEMS 2 & a2Rmme L. 7V =7 R
FPERDA LY Yy FOWEINLEST D37 ¢ SEPEHICE N TS, 2002 FLARICHE
KBIBEH PN EHE L, Chl-a JEEOHMND R &7 (Fig. 3-14,Fig.3-16). 2D XL 577
U—27 v REBIR R & RO BRGNS, ILARE OMOHIETH Lo Tnd Z &
5, FEEEITT 2 AR (L O T, EOWPKIZEEICHD L TkY, tmE0%< o

M C E OUFED B RKA~D DMS B EBBEIHE ML T 5 Z LIS S.
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Fig. 3-1 MSA concentrations for each samples. Error bars denote 95% confidence intervals

(Furukawa et al., 2017).
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Fig. 3-2 Interannual variations in MSAgpu. (a—¢) denote the interannual variations in MSAgux

of annual and each season (a: January—December, b: January—March, c: April-June, d: July—

September, e: October—December). Gray dotted lines are regression lines.



Table 3-1 Mean annual MSAq, for each period and their differences from the entire
period. o is the standard deviation of MSAsux for each period. p-value is significancy of the

differences by Student’s #-test.

Mean + o Difference
Period p-value
(mgm2yr") | (mgm™yr')
1960-2014 | 0.39 £0.31 — —
1960-1971 | 0.45+0.18 0.06 0.23
19722001 | 0.21 +£0.20 -0.18 <0.01
2002-2014 | 0.73 £0.32 0.34 <0.01
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Fig. 3-3 Monthly MSAqux. The bar graphs colored denote the monthly MSAgux from 1960—

2014. The MSAfux is the mean value the period in a month. The error bars denote the +1

standard error.
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Fig. 3-4 Monthly MSAqu for each period. The bar graphs colored by purple, green, and
orange denote the monthly MSAg,x from 1960-1971, 1972-2001, and 20022014, respectively.
The MSAmu is the mean value for each period in a month. The error bars denote the =1 standard

CITOr.
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Fig. 3-5 The method of the random error calibration.
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Fig. 3-6 Uncertainty of interannual MSAg, variation for each season. The black circles and

error bars are the mean value and the standard deviation for 1000 simulated MSAux considering

the age determination error in each MSA sample. The grey bar graphs are the mean value of

original MS A+« dataset, which do not consider the age determination error.
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Fig. 3-7 Uncertainty of monthly MSAqux variation from 1960-1971 (top), 1972-2001 (center),
and 2002-2014 (bottom). The black circles and error bars are the mean value and the standard
deviation for 1000 simulated MSAny considering the age determination error in each MSA
sample. The grey bar graphs are the mean value of original MS A« dataset, which do not consider

the age determination error.
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(a) Winter

Cumulative frequency (%)

Fig. 3-8 The cumulative frequency of the existence probability that indicates a frequency of
an air mass occurring in a target area during the past 7 days. (a)~(c) denote the winter
(January—March), spring (April-June), summer (July—September) and winter (October—

December) from 1960-2014, respectively. Black circles show the position of the SE-Dome site.



41

Fig. 3-9 The CDF40 (green), CDF60 (purple) and CDF80 (blue) region during each season
from 1960-2014. The land area is hidden on the white. The inside of CDF40 line is the higher
contribution area as the source of MSA deposited on the SE-Dome site. Black circles show the

position of the SE-Dome site.
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Fig. 3-10 The relationship between the spring MSAn, and each factor. (a) Correlation
coefficient between MSAqux and Chl-a during spring from 1998-2014. (b) Scatter plot of MSAux
and Chl-a during spring. (¢) Correlation coefficient between MSAnux and the frequency of
intermediate wind during spring from 1998-2014. (d) Scatter plot of MSAq. and frequency of
intermediate wind during spring. Colored regions in (a) and (¢) denote p < 0.05 with Student’s ¢-
test. Green, purple, and blue contours in (a) and (c) denote the cumulative density function 40%,
60%, and 80% region, respectively, of air mass probability revealed by the backward trajectory
analysis during spring from 1960-2014. Gray dashed boxes in a and ¢ denote the area of 55°N—
62°N and 22°W-38°W. The values of the Chl-a in (b) and the frequency of intermediate wind in
(d) are the spatial means in gray dashed boxes in (a) and (c). Black circles in a and ¢ show the

position of the SE-Dome site. Gray line in (b) is the regression line.
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Fig. 3-11 The number of days that air parcels passing below 1000 m above sea level in the
Irminger sea (55°N—62°N, 22°W-38°W) reached the SE-Dome and brought snowfall. (a) The
interannual variations of the number of that days. The dotted line is regression line. The
significance of the slope denotes a p value with a bootstrap test. (b) The relationship between the
number of that days and the spring MSAgux. The correlation coefficient between the number of
that days and the spring MSAnux is denoted by 7 and the significance of the correlation coefficient

is denoted by p.
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Fig. 3-12 The existence probability of an air mass occurring during the past 7 days reaching
the SE-Dome in spring. We estimated the existence probability for 5 layers (0-200, 200—400,
400-600, and 800—1000 m a.g.l.). These maps only display values on the sea and do not display
those on the ground. However, the calculation considered the contribution of air mass on the

ground. Black circles show the position of the SE-Dome site.
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Correlation coefficient

Fig. 3-13 Distributions of the correlation coefficient between the MSAq. and (a) Chl-a, (b)
the frequency of intermediate wind, and (c) sea ice concentration during summer from
2002-2014. Colored regions denote p <0.05 with Student’s #-test. Green, purple and blue contours
in (a) and (c) denote the cumulative density function 40%, 60%, and 80% region, respectively, of
air mass probability revealed by the backward trajectory analysis during summer from 1960-2014.

Black circles show the position of the SE-Dome site.
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Fig. 3-14 The existence probability of an air mass occurring during the past 7 days reaching
the SE-Dome in summer. We estimated the existence probability for 5 layers (0-200, 200—400,
400-600, and 800—1000 m a.g.l.). These maps only display values on the sea and do not display
those on the ground. However, the calculation considered the contribution of air mass on the

ground. Black circles show the position of the SE-Dome site.
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Fig. 3-15 Difference between the mean during 2002—2014 and the mean during 1998-2001
for Chl-a (a) and the frequency of intermediate wind (FIW) (b). Colored regions denote p <
0.05 with Student’s #-test. Green, purple and blue contours in (a) and (c) denote the cumulative
density function 40%, 60%, and 80% region, respectively, of air mass probability revealed by the

backward trajectory analysis during summer from 1960-2014.
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Fig. 3-16 Relative frequency of Chl-a concentrations. Light gray and dark gray bar graphs
denote the relative frequency of the Chl-a concentrations from 1998-2001 and 2002-2014,
respectively. This is the ratio from all grid cells with sea ice concentrations below 10% within the

region of CDF40 during summer from 1960-2014.



49

(a) 1960-1971
g ; S

=

et

AN - 4
60 90 120 150 180 210 240 270 300
Sea Ice retreat day

Fig. 3-17 Sea ice retreat day. (a—c) denote the sea ice retreat day of the year around Greenland
(40°N—85°N, 0°W-80°W) for each period. Green, purple and blue contours denote the regions
greater than 40%, 60%, and 80% in the cumulative density function, respectively, of air mass
probability revealed by the backward trajectory analysis during summer from 1960-2014. Black

circles are the position of the SE-Dome site.
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Fig. 3-18 Open water extent in the CDF40 region at the end of individual months from 1960—
2014. Slopes of the regression lines of open water extent from 1960-2014 are denoted by a for

individual months. The significance of these slopes denotes a p value with a bootstrap test.
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Fig. 3-19 Monthly photosynthetically active radiation (PAR) in the CDF40 region for each

period. This is the mean of all grid cells with sea ice concentrations below 10% within the region

of CDF40 during summer from 1960-2014. The error bars denote the +1 standard error.
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(Twomey, 1974). Z D7t A%, =7 1Y )L —EOH - FEEHEE L TR TV 5D
ETRICHBNT, BRI/ SWIE EIARIMED K OWIREA N E < 725728, f %
DEDOTNLXEREED. £F, 7V —r T FEERFERICBNT, Z0ohE%q0

BH4- 2 2EF#E D 1982 45 —2001 4 & 2002 £ —2014 FEOERM OB HEH Lz, W, K
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WFFETIL, FRICWT D RRWRY RO EZRLLE L THRIT L7z, 77— 7 FREHA
FEEBOE 0> CDF40 K2 H51F 5 1982 45 —2014 DO LEBIZEB 1T 2 E TR E O F-H) il
IEHEIR 7203 680421.8 hPa TH V), ZiUd, BB L EZPERBEOEITHYET 5. ERADF
PRITIKREDS 1441 pm, JKEED 2542 um EHEE SV TV % (Hayasaka, 2014). 1982 4 —
2014 =D E O CDF40 #5171 2 KJEZE (1000 hPa—680hPa) & /EZE (680 hPa—440
hPa) DERIA B RO XHA % Fig. 4-1 1R 7. (REE & T EEOERA B RO
KL ITAKEIF Y 25 14 pum LU R I8V TR o 72729 (Fig. 4-1) , AFZETlX Cloud-
cci AVHRR-PMv3 7 —4 & v hOKEFw X7 MiHT 5. EO CDF40 #HKIZI 1T
LREOERA N (CERLiqia) DOFEBCEEIEIL, 1982 4F02 5 2014 FIZNTTHE
7RI 2R L (Fig.4-2a), 2002 4F—2014 40D CERpigua D FHIEIE, 1982 4 —2001
FEONFHEICK LT 1. 7um /hE<eo7e (p<0.01). —J5, [ O KE DO ZR L
JE (Navigua) DOFEIEIE, 1982 425 2014 X THE B 27~ L (Fig.4-
2b), 2002 4= —2014 F=0 Nyriqua P FHIMEIT 1982 4 —2001 £ D FHMEIZHK L T 8.8 cm™
ML 72 (p <0.01). Natiguid & CERpiguia 23 2002 4F—2014 4 & 1982 —2001 2 A & 24
ZoR L2, 5 0 CDF40 ¥ER & CDF40 ¥iElikh S AL R oifE ¢ - 7= (Fig. 4-3).
K D CDF40 #2361 2K EBOHFHE X (COTLiqua) & EKE (LWP) 13H B2 REF
&7 33 (Fig. 4-2¢, d), 2002 45 —2014 4= & 1982 4= —2001 F=DOFER M DOZEEIZ O
TR & 20 bR CIIAEEEZ RS 2D o7 (Fig.4-4). LEDOZ & )26, DMS
T RSN L7z 2002 A LA I EREEGR B DS L, RN RN Lo 2 &
X LT, KEORFRES LZKBEITHEL TN ENBEILND.

7 u Y —EOE-FEHEHROMICEH, =7 e VOEITLL T O T rt R A%
TERICHEEL G222 EMERMPBIEMEN TV, bW T=T 1Y LR
BN LR AT D EOERRREND T 5 &, BRLOMEZE - FERESRZ 0 IZ<<7R7b,

BRI Rl S, ERRFEMELEENRELSRD I LITRY, HERERO T L R



HEDLZEBMEM SN TVS (Albrecht, 1989). ZDFaE AL, =T Y IL—EDE
TSR LFEN TV S, 2T, ZU— 2Ty FERINRETERIC =40
2002 4= —2014 4= & 1982 4 —2001 FEDOFERMDZEITFE B L7z, 1982 7025 2014 4EI27)
(T CTE D CDFA0 MO EERE L IREEEIIAERBAEm Z R L2, THEEEL
mEEEIIAERE(EN A RS20 o 7 (Fig. 4-5). 2002 4-—2014 4L 1982 44—
2001 AEDOFEMRBOEIZHONT, RBERITS Y —r T v REEOWHKEIZH > THE
WD L, IREERET Y — 07 REIRERICBWTHERICHED L, TEERELE &

JEEEIZZ Y —2 T RELOWBRICB W A EZAZ RS 7272 (Fig. 4-6).

4.3 FEBI7OVILEERFHEORER

N2 72752 D I OBPER R CCON 1272 =7 1 /L& LT, DMS Z i &4

WKL OMIZ S, WEARTRIKDN S — KA T DI/ NI O =7 7 Y L (Sea Spray
Aerosol; LR, SSA &£3589.) HiEH SN TV (Quinnand Bates, 2011). /KK IZ &
DERIBOMENZ L VAT D SSA 1F, MKk 7& LTHET D EEZ LN TEEN, I
BTl PUNRIEE D SSA DRIFERGREICH ST 5 2 & WENFEBRLCBINC L W&
STV % (Martensson et al., 2003; Twohy and Anderson, 2008). SSA |, 7 3I 7w
YA XOWRERE R TR STV D MK T OF BN, WK T DB FLES 0.2
—0.7um DIRIET 4 V2 —IRFFSNDEM T T R T T T N, NI T
U 7 EEDRIFIRAE IR (Particulate Organic Carbon; POC) =X°, 1RIA T 4 V& — %%
T o/, FARKT, avd RR, A ARHEKRTIZER L T2 (LAY
DIEFA IR (Dissolved Organic Carbon; DOC) N FfET 5. M~ T > 7 b 1E CO,
EE LA E AR T D, WHERKOAE=T n Y VORRTH L. H7 77 b
YIHLBHT LI AR =TI VEBESND VA NVART N X AR EDH

B, RIEEKTITAFEL, WKRIRIC L0 REKUTHH S hIEKEEA#ET T v
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(272 % (Facchinietal.,2008) . 2L H DOABEMITEKTIBI S TE Y, KEH D CCN
TEPERL 7 ORBRIC T 5 L TS 2 EMBE X HN TS (Orellanaetal,, 2011). ZD KL H
BT aRRZLY, WEER O T T 7 b o7 v — A, KREFOA#ETT
7Y OVENEEINT 5 Z ERNEEINTWDR, 7A— LW ORKTT 1 Vv &gk
o O FEPREERZ I B R 72 BIFRPE MBI S .U T 72vy (Quinn and Bates, 2011) . % O PR
H & LT, AT o Yy VIR O STt ONICEET L 2 LT oh
TW% (Miyazakietal.,, 2018). 7z, FEBLIH Chl-a R+ K OWL—RAPE & & KA
K OEHHEL, | BEALY & 1 W ARMCEWVIEREZRLTEY, W77 v
7 b U DFEIRE U LT RE D H M D AKTRIKH OFERMIC L EEN TS Z
EWTREEN TS (O'Dowd etal., 2015). Z DORRAEHWKIE THRY Lo LT 5
&, AR CTRENIT ) — T v RERIBFBRIZIS T S 2002 42 —2014 4EOD Chl-a
TR DA EARBINE, KT O DMS BRE OB E 2, TIb— 2% OHEK T O Y
BOHMG A EEZTAMREMNERH D, T, DMS & GHEMITUEED B KRE~D R
WFEDNRIR D . DMS 130 AAZHUT L0 RKUTHIE SN 508, AHIITKRIRIZ LY
WA S5, Bell etal. (2013) OBLUIT — 22 JAUE DMS O A A A2 HHE D
E— 27 3EE 8 —1lms ! THH, TN L VIHNEETH T ALRHIIAEL D, —FH T,
WEKFIRIZ L% SSA 1FEEHD & DFEELIR E 0 MR TR E Z B2 W R Y K&
B S, 2O Z &0, BUEHATHORHE T A LZHIZ L - TREUTHHH S 415 DMS
ZEIR LT 5 HaSO4 D CCN ~DFENEMT 5 Z ENEZbND. ET/VHIFETIE
T AZZHZ L0 i S d DMS & & %5 HaSO4 & M KFRIRIZ K% SSA @D CCN ~
DEGHEZY 2 I L—a  LRER, W LR 6 ms™ A Tlid DMS O %5275 70%
12720, 12ms X0 KX UL SSA DA 5N 80%I2 70 5 Z & SHER ST\ 5 (Yoon
and Brimblecombe, 2002) .

AWFIE TITERL AR 2« DEL T OHEREK RO T VN NICEEL 52 2HF#E L
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LC, DMS MbEmOEMLSMT, MESCH D O W ERHE O ER B O Z{BIZ DT
a9 %. £7, SE-Dome 7 A 2 A TGk SN TV HMHEN /> TH D, Nat D E (7 /]
—9 H) OHFET 7 v 7 A (Na'nw) % Fig. 4-712R79. HO NatgulZ, 1972 501984
fE, 2003 FFIZIEQOE—7 BR LD H DD, 1960 4E055 2014 T CTHE 2 LE
M ZR STz, FTz, 2002 4-—2014 4F & 1982 4FE—2001 FEDVEJEITAEEZ R
Eheotz (016 mgm2, p=0.74).

WIZ, RET — 2 ISl ARTRIRD B EIZOWTELET 5. e LIREK < B
MEKTRIAN HT 5 2 & 240 LT, WKRIA D sl 4~ 2 B A /R 348 & L ColmUH
JE A& ER L=, SJEASEE L, Yoonand Brimblecombe (2002) % 232 L C ERAS /4
fENTT — % O L 10m BUES 12ms™ & 16ms™ 2B -RELOBEL Lz, 7 —
Z > R B B O BRI R IR EE AN B SN L 72 BV ¢, K 12ms™ & 16
ms ! ZRIE L Ui EBEE XA RIS E L L o 72 (Fig.4-8). D% 0, 2002 FLIEIC
WARKRIRD BT A2 HEIIEL L TR os T2 B bND. £, V=T
REE AN 80O 5 0> CDF40 SO E 10 m 123880 T, 1982 45 —2014 4FI281T 5 6.0m
sTRNE 12m s L ORI BHEX, ENEN36%E 3% ThHo7c. DFED, ZD
YR TORIES 0 B S RS DB A LR D A W CH D Z LB b D.

LLEDRER LY, 770 —Z v RERIRRIERIC BT B EC A /e £ ok
TRIRIC K BIELED B KRG A~ORH R, 1982 4E—2001 4F & 2002 4E—2014 4EI2B T

BEIZE L L TWE o2 EnEZ NS,

4.4 ETILRNKADORIEDR
INFETORERIY, EO7 ) — 0T 2 REEIPFEIZIB VT, 2002 LI DMS
FHENHEIM L7 2 & &, Rk 2z b 2oL RISV T, BAREEFZ(LET, E

REERE DA BIHEINL, EBRAREEN NS RolcZ b amLiz. —70, 2B
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FOMREERIT 2002 FFLURICHHD LT, £72, EREEIRE R L OERA R
DZEABIZ, WK D OWKTRIRIZ XD SSA OB/ NS W2 ERR@siz. 22
T, DMS MHEEOZEAN ) —2 T v RE BN RS OEx DEDOT VR RIZE 2 7~
IR EFHmT D, BICR D KBEORIEREIE, At L v bR T R ERIRIR
2K TF L C&{b9 5 (Nakajima and King., 1990). Cloud-cci AVHRR-PMv3 57— 4t » h

TEARAMED 0.8 pum O EOEH 2 DEDT VR RBERLEEI N TND. ZORRE

BT HEOME L DEDT L R0 2002 4-—2014 4 & 1982 42 —2001 FOFEIHD 7
% Fig.4-9 (R Lz, 7V —v 7 RERIGREERICIS VT, ZOFTRIMNEOME 4 DE
DT NRRIFERBICEL L T ieho7z (Fig 4-9).

Hor7 ) —r7 v REFBFEEEO 2002 FLED DMS gt EOHEINS, #x 0E
DT IR EHERERE DT VARG 2 550825554 % . DMS 28 CON {EES 5 =7
B Y IR G2 TS Z 8, TEROBUANC X » THRENTWS. dLRPEEEIRR
HOMMBIITIE, MM T T 7 b T A—ARNERIT S 5 B—6 B2, KKK M
FEE 0.1% T CON {EMT 2 =7 v VUK OEBUREIT 11 A &~ T 3 fFRES,
HoSOs HR D=7 v Y VK723 5 A —6 A7 v Y Lk OEER B O¥EINZ K & <
HEL QW Z ERHMEINTWD (Sanchez et al,, 2018). AFFIETIEL, ED TV —>
Z > REGHR R O 2002 45 —2014 40 DMS A 1982 45 —2001 4E (2% L CHY
MUT=Z EATRBE I, KEOZBRADLRIZ 1. Tum /N E< 720 (p<0.01), KEDE
KEEEE L 8.8 e YN L7 (p<0.01) ZEAURENZ. LLEXY, 2002 FELIED
IKEOERAEHIREE OREINTS X OERA RN LR OB 1L DMS Mt & ORI E % %
FrZ B’ EZOND. L L, BRRRICHEBESN D ERMEOME % DEDT LK
IAEICEL LR -T2 DFD, 2002 LD DMS HHE DI & 72 5 L2 KE
D ERE LR E DN E X OERA 2R OB, IERIMEDE %2 DEDT L RO

ZAGIER Lo e 2 e REZ B,



58

DMS I EOEMAHERR T DT VS KRB 2 58O TE, LD X H1cE
L L7, AWETIE, 7V —r T 2 RRERIB RO 2002 4F—2014 420 Z O ERA %)
AR 1982 FE —2001 SR LTI L, [AESIC BT 2 E&E D LIz Z & 2R Lz,
THEOFRIC X 2 EHPRCBMEE T VERTIX, =7 1 Y LRI LIRS, ERED
T 5 AHEME AR ST\ D (Seifertetal., 2015). BRI CE 2 L= 2EREME
7/ (Nonhydrostatic Icosahedral Atmosphere Model; NICAM) % F\ 7= $fifl 5% Tl
T Y OVOEINC LV ENBDTH AT =ALIDONTLUTO XS RFHN ST
W5 (Satoetal,2018). =7 1 LAME % CEREEIRAENE X T, TRORRN/ NS <
0% Z & CMHZE - PFARENEL 20, ENMZ DEMEL D, FRRHCER DA X2
NS R D BTEMIE TEREMEES L, ERRDT 2R BB NTND. 207w, Lk
ZEfF I THRIEDB RN KR E VIR TIE, =7 1 VL O X > TENBD 5 rRer:
MR I TS (Sato et al., 2018). 5T, DMS HI2ROD HaSOs 1L, VHFE KRGS E
£V 220 B BB BV TRRL AR L, EIAMUITO CON FERIZEHET 5 2 &7
EZ L TW% (Williamson etal., 2019) . fRIZ, KRHIZRIT D KEREICE(LNEL,
AWFFE TR S L7 DMS B OB ETAF T T LT VW IRIEE O ZRL DT
FELTWDHELEDL, HAIBHISNDEZEOERNNESL, EABRE MRS LN
72, BEOEEFRD L, HERREHOT VR NIK T T 28R H 5.
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Fig. 4-1 Relative frequency of the cloud effective radius (CER) for low cloud (1000—680 hPa)
(Light gray) and middle cloud (680—440 hPa) (dark gray) from 1982-2014. This is the ratio

from all grid cells with sea ice concentrations below 10% within the region of CDF40 during

summer from 1960-2014.
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Fig. 4-2 Cloud properties in the CDF40 region during summer from 1982-2014. Slopes of

the regression lines (grey dotted lines) of each properties from 1960-2014 are denoted by a. The

significance of these slopes denotes a p value with a bootstrap test.
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Fig. 4-3 Difference between the mean during 2002—2014 and the mean during 1982-2001
for CERUiquia (2) and Ng Liquia (b) in summer. Colored regions denote p < 0.05 with Student’s #-

test. The black open circles in a and b show the position of the SE-Dome site.
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Fig. 4-4 Difference between the mean during 2002—2014 and the mean during 1982-2001

for LWP (a) and COTviquia (b) in summer. Colored regions denote p < 0.05 with Student’s #-

test. The black open circles show the position of the SE-Dome site.
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(a) Total cloud fraction (1000 hPa ~ 50 hPa) (b) Low cloud fraction (1000 hPa ~ 680 hPa)
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(c) Middle cloud fraction (680hPa ~ 440hPa) (d) High cloud fraction (440 hPa ~ 50hPa)
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Fig. 4-5 Cloud fractions in the CDF40 region during summer from 1982-2014. (a) denotes
the total cloud fraction targeted during 1000 hPa—50 hPa. (b) denotes the low cloud fraction
targeted during 1000 hPa—680 hPa. (c) denotes the middle cloud fraction targeted during 680
hPa—440 hPa. (d) denotes the high cloud fraction targeted during 440 hPa—50 hPa. Slopes of the
regression lines (grey dotted lines) of each properties from 1960-2014 are denoted by a. The

significance of these slopes denotes a p value with a bootstrap test.
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Fig. 4-6 Difference between the mean during 2002—2014 and the mean during 1982-2001
for the total cloud fraction (a), the low cloud fraction (b), the middle cloud fraction (a),
and the high cloud fraction (b) in summer. Colored regions denote p < 0.05 with Student’s ¢-

test. The black open circles show the position of the SE-Dome site.
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Fig. 4-7 Interannual variations in summer Na* flux.
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Fig. 4-8 Difference between the mean during 2002—2014 and the mean during 1982-2001
for the frequency of strong wind greater than 12 m s™! (a) and 16 m s™' (b) in summer.
Colored regions denote p < 0.05 with Student’s #-test. The black open circles show the position

of the SE-Dome site.



67

ALY 2o AN T
el kPl pepes
o v R;_w fik
\\‘ Sff}f "C}/\\f/ S
. flE Ve
F 4
e <
i & =
T S
Sy s = ;d-:‘_/}
P - |
£ - Mon
‘":; /
//
/
!
/
/
L s B

-0.20-0.15-0.10-0.05 0.00 0.05 0.10 0.15 0.20
Cloud albedo at 0.8 um

Fig. 4-9 Difference between the mean during 2002—2014 and the mean during 1982-2001
for the cloud albedo at 0.8 pm in summer. Colored regions denote p < 0.05 with Student’s t-

test. The black open circles show the position of the SE-Dome site.
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E5E. W

MEPEAEYTEB) 2 IR & L OEN O R~ &40 DMS 1%, HIER EOET LR
(R B % 5.2 D RERGr & L THERNBIER ST 2. 04, ARIEBIERIEO SO, jik
HEDBANZ LY, & SO B EIZK 5 DMS &R D SO, DFIGNEML Tnb. F
7o, WERKIZBWTIX CONIEMET 57 1Y /LD, DMS O W53 kb K&V, FF
(Z AABE D Z= K Ik CIE Rl R IR AL O HEATICFE © DMS St SO #IM O AT REMEDY A
THET =2 &KLy Iab—va 20 fEIIEN TS, L L, dbmE o
KT, FEBNC X2 Chl-a IREOBHRRAN K E NI &0, MoK FROMKiR O
W77 N OHFED A T = XN, KW T T o7 b OFffRLE ZiL 500 DMSP A4
FiEE, DMS HH 2GR T 2 720 O 0 A AW 72 83 EEANZH HNT 72 - T
W IS DI LY, DMS BHBEORFEENERIICAE S S TNz,
HER DI 2 HEE S 2% < DRIED AT LET /ML, BEEREENER O SO,
W ENEERS & LTEHE2 STV, DMS AT 7 1 v L —EHaaE iz 5 2
DR RTINS 5 72D 12iE,  ALHE O FEiKIR o £ & BIAE D DMS fig i
BOEELZOEREZWLNICT HHENHSH. DMS IEREHFICTBWTH AL
LTLES 0, BT 22 L8 L3, DMS OFRLARY Th 5 MSA 28T %
Z &K DMS HEDZ L Z A LN T 52 &3 TE L. L, dbiBEIzs W T
BAELL EO R -OEEE 72 MSA O 7 v Y VOBRANXIZE A LRV, TA A2
IFBEDOKRLAZT v Y VOB ZRITF L TOD0, KRR TIZT A A2 7o
T a Y UIERSCEEORFIC L VKL, 74 L NETTBEIT 5720, BEED
EEPMRIE ST, HEFEL LI THER EORMMOT v/ v OE& N EMEICH
MENDZ LI E-S QW Z U =T RIZBW Y, FHEM CHEOZT Y
WOEBERFLTNDET A AaT7idiE e A LRz, KRB & [R5 O Ry figte

CRETBERTEU EOKRKT O MSA IBEOEMNHm SN T RhoT-.
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AKWFIETlE, 7V —r 7 ROFPTRbEEENE L, FHifg LOELX OJREED
IEHDOXN/NENWT Y — 0T R Rl TRl & 472 SE-Dome 7 A A7 ZfE L
T, IWEOAERERIC X S, JbHRE O DMS i EOZE(L & FNNEIZH 2 55

AR LNCTHIEEHME L. £9, SE-Dome 7 A A2 72XV, FHi‘ERE

2!

DMS Mt @Dz EE I L, TOEREZH LN LTz, KRIZ, DMS B EOZE(LRE
PR E ET N RICE X DB O\ Tikam L7z,

SE-Dome 7 A 27 D 1972 4£—2001 4E DM D MSAnw O F-EIEIT, SHIM O FH)
fEICHR L CHEIZEL, 2002 4—2014 FEOEM D MSAu IXEHIMICK L TARICH
Mo dz. 1960 4 —2014 4D H B0 MSAnx O FEEEIL 4 ASHNL, 7 AICREKMEIC
EL, TO®BEA L, JUEEORKKBLINC L 5 MSA BEOEHZAL & [ U475 L
7o, 2R LOBENR (1960 £ —1972 4, 1972 42—2001 4F, 2002 4£—2014 4) (T

B D MSAmx 1, FARREDEEZZE L THIOEHE A R->THBY, SE-Dome
T A AATIIRE T O MSA IREDZEZFHEM THERRFELTND Z EMHH
M7 T.

ALK FEEDON T Z 7 b DEFTNL—LOHETHLE 4 A—6 A) ©
MSAnux IF 1960 5735 2014 FRIZMTF TEAMEM 2R S 2o 7o, FHEBIIT — & 257
155 1998 725 2014 FDOFRD MSAnw DEBNEK % DMS FUHIA 2 H L CHEHT
L7l 2 A, BD MSAu 1AV U —FED Chl-a RELEWEMRBEEZRLE (r=
0.69, p<0.01). —J5, PHEJESHE & IZFEVERICE N THERBERBEZ RS 2o (r=
—-0.04, p=0.87). HHITFWHFENTIZ LV, FRIC SE-Dome [ZEZET HEKBUIL, (/13
> R OUFE K T %t OV L 0 b PEER B T L s e, AL
VA= WEDEFEZFET N — MR RIS KRR v DMS A3 SE-Dome 7 A A 27 (T
MSA & LTIRIESNTND Z EREZ LGNS, U LEORERLY, SE-Dome 714 A=

FOEFED MSAn 1, AV 2 B —gJE0 O A A EROFRIEIC D 2 L BN yho
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72. 1998 4£—2014 FEDFE D MSAqu & A /v 2 > A —#ED Chl-a JJE O BR824
T 5L, 1960 05 2014 FE TIZBWTA VI U H—IOEYERERITH B 722 EH
M Z RSN T2 Z ERH LM~ 7.

2002 4E—2014 4£DE (7 H—9 H) @ MSAnwl%, 1972 4—2001 4F & th_TC 3—6 1%
BN U7=. B D MSAnx D% 2201, Chl-a R, HREWEE, WKEEEIZL > TH
BIC& 7207z, 2002 4-—2014 & 1972 4£—2001 FFOFERMOIELATTH &, SE-
Dome ([ZEFE L /-ZERAEHEECEHBE LZ7 ) — 2 7 2 R BN REERICB W T,
Chl-a JRJE LK IR BICBL PSR T2 bR’ S o7, Chl-a JBEIX, 7V —2F 2 Rl

IR 3BT 2002 £ —2014 FEO TG PAFISEWEZ R L. RVHIIC IS 1T DK

_H

%R AT, 1972 4E—2001 4% 8 HICH4IE LTV 278, 2002 45 —2014 4E1% 7 HIC#%iE
HEITIeoTm. F, WKBIBAN S A 7T AICREAE L2 & T, [FuEkoBHK
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