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Particle flux and carbonate system study in the Arctic Ocean



OH

Al

10

JNZ

H

=
S

L DS BST s

28t

15.

05.

2021.

10{
70

-

n0

50
Al

)

—_

wr

Ok

ol
Rl

[eY

-

wr

Ok

Ok
ﬂ

oF
)

K0

wr

Ok

<
K4



AATAAY | 23 DU FA2 Y A% Bag A2E 9T
A Al o
AT AR xR il Aol od 79125 473 e 340,000,000
AL A 2 = gAstried a . o0
£ERAY EPEEEERE ez o
2AFEAT | 407 §9e Aol 7712 2e
QLA
Q8 o “H”‘,j 57
T
O sAWclsl daARdA 2089 B BT YA FU~L 007 AE
220 100 o4 B ol$ 2 AT @k WAL, old AL WA Yol Fya
5% 19 H47) N18E0IR AUPORA K AR AAF ARUA BUzel 78
o)A Aoz BoEn, AAs AEARINE 201795} 20189 HFA APYA FeAoas

& Aol & HolA kS

O HAN} Aol EFoA sl =AstE <
Hl&o] F7FstA+dl, ©o]A2 ice algae ¢ ol oja) A4
e,

O AHAslet Aol dFAAANA YA S8 27F 20181 o] Fof] F43] 7HAstH =,
1 olfr+=  “shelfbreak upwelling” o o3 P FTaol 2018  o]Fol| At
AEA o] ZHASHA 7] wEolth wheba HA| 5ol FAI M ot tiFAFHAA 2018 o] F
“Biological pump” &E&o°] 743 Zo= ATH.

O AEZFs EFdsolA olgtnyolE E3lxE 201730 357] #=AHF 71ed /) AHANAD
ofgtyolE EXx3E Ho, 29% EXIEE Ue s sIT T AA JdgEAeH,
20183 2570 #A=AH 7b2d 57 AHAA ofgtiyolE EXIE H, 200% SXIF}ES
UERY s A sy 7 Weol M E A S

O 20164, 20174, 201992 sEZFaFolA]l  ofgtiyeolE BE3FEo]  2.9-6.3%° WHAE

ZNeA FYH2ae frIEA/EA

transparent exopolymer WS 2

i .

o

slokadst mad ZA 28y
186-20.0%%, sl AZsA AAHUS  wEel, ARIFaoln sl FAgsE
AAA oz AYHRGE o irdal AAHE Ao By,

O ARZsoA ofstnuole Eshwel $ARTE gAZ $4 50-200m AbollA 10 ol&=,
olgtayelE BxIE HPow, 2016@FEH 2020d7tA #ESTE olgfiYolE 3R
FARTE RBY, 2016de olgtavolE BxE HLE 32%, 2017d] 32%, 2018 34%,
20193 o)) 38%, 202019l 33%=, 519 FoF ZFX =715 S

O NEFaIA st se B3dsodt agadgos s oxidai A

AF Tl AAA 0T 23 AYHE o By,

B osfidl Wb, 20183 20202 ofgtiluelE B2 35S0
Z

EIah

ul

rlr

L ARTE, AR Ee, AR, Py, iy A2
=

o ofelnutole z3tE

=

western Arctic Ocean, particle flux, biological pump, ocean acidification,
carbonate system, aragonite saturation state

oft

]




2. AF/NEe B A
EF8le AAFFAA AFdsirt 7bd A AYgez, HE 235719 g ae 22
4% AU gdAHT ot old 53 SFAust=E AR SEtE A we & 9
< "A7] " o B3 EHEE WHSE oldEtr] fsiA "SI FAIE g ofs ol A
Biological pump®] &-&W3tel +3 ofgtayolE E3l% WSE 3otst= Zlo] Fasit
M. AF7/MEe] &
O EFdolA HAdA Ed 29 A- & 93 79
O AT WH3l7l BE=3) Biological pumpe] &8 A= & gt
T3l 5 olgfaYolE 23 &9} ofgtalfolE 2354 1ot
V. A7184A
1. B53ldA AU &892 AT
HA s e} FAMEofs] dIEFAIHAA HAUA F-¥ 2z AE H A WsE wefsta, I
dJAs 937 falA 2017 8°J‘:‘E1 2020 8¥71A 3d B¢ AAIE HAEZEPRS AFIIA
A74JA FH2s dg5de =1 & Adodes w2 AFAHQA HIFs AF AHIE 2RYd.

A Hl g obsl i F A ol A 2018‘d oA 55 #ST AAAA S8 271 2017
108 ol &2 Wi & A WEE BAT ol"d Az W=
7t 20180 FUE 2N BF AE AT IAAA 2929 SIS oA sle=m
HaEth sHARE #HA & fFAMAC A= 20173 % 2018 AFEH HAYA FH2e F AolE
HolA ¢rgtt. HAX|afe} FA Mot EFAA EHo] EAdte T fArIEAR EY 9
fF7lea/d4 Hl&o] FUtstATh o)A ice algae ok olo] <o&l A4 transparent
exopolymer tj £ o2 IAGd=TE FA Mg ol 4 115-335m Alolol A AR FH 271 <F 18%
F7bstR =, olAE FAAAAS] 2 A Yo #98 olFol EAGI UeS AAMMEH
4

el o FAH g obs] thFEAMH A JAFAA S 27 2018\ o] 3 Zasgs=d, 1

_4_



o]f+ “shelfbreak upwelling” ol 213 FIFd FFo] 20183 o] Fo] ZAadte] HEAYLHo)
Aastlr] wEolth wEkM HAs|oh FA M obs] thEAFHAIA 2018'd o] Fef  “Biological
pump” HE&o] Zad Ao= AddET

ANA s Bt Al =H
AES Sl A olgtaivol E xstx= 201796 3570 #SAA skl N ZH AR of
ZaYolE EX3E Ko, 29% EX}EE e siFAAETE 7P AA @ E R e, 2018
2571 #ZA A 7heH 571 AACA otgtayelE ExsE Ho, 200% EX3ES B S
F 78 ol 8=tk A= 20161, 2017, 201992 EF5& oA olgtalyolE &
E3HE0] 2.9-6.3%2 WAR s FAAIE viwF A dAyA <l wbd, 20183 2020132 of2k
}j} o] 18.6-20.0%=, s FAAdsrt AzstA AAFHAT. wekd HESSolM sF
Rz o2 =7 P_E}“ duagsiA AAH= Ao AddAn. MRSl of
gtilL}ol E _‘,I_ﬁ}_‘?_.‘l] TAEEZE HAZ F4 50-200m Atolell A 1.0 ©o]3t=E, ofgfaiyolE Hx3}
E Hlth 2016W@HFE 2020W@7FA] #=3 ofgtayolE Xslxe FARIXE HH, 201610 o}
JAUolE Ex3 vl &2 32%, 2017d 0 32%, 2018 34%, 2019'd 0l 38%, 2020l 33%=, 5d-5<t
A 74t mEbA A RSeolA sl st A FoAME HIFeR Al ol
stAl I H= wE, AFsrols AHcs =254 JAPYH= Aoz Addn

2
-

V. 7N se] &8AH

O siF-th7]-sg-AefA Adst AFA="DRDe] A3} AF34 J5FdE AT 7NARE &8§
O AESS sditdst dSdadE =AY FalE Hasstr] 9 A2 24 &8
O AEFadA<] “biological pump” &-& W3tE uetste] v 7| W3} o Sof &8

O AF2dstol] we E58 s A ISt oSl &8§



L.

II.

II1.
O Investigating seasonal and annual changes of particle flux in the Arctic Ocean

SUMMARY

Title
Particle flux and carbonate system study in the Arctic Ocean

Purpose and Necessity of R&D

Arctic Ocean is the region where global warming has been the most commissioned
in the world, and rapid environmental changes such as an increase in water
temperature and a decrease in sea ice have been detected recently. Since such
changes in the Arctic Ocean have a very large effect on the biogeochemical cycle,
it is necessary to understand the changes in the efficiency of the biological pump
and the aragonite saturation states in the Chukchi Sea and the East Siberian Sea
in order to understand the change in the biogeochemical cycle in the Arctic

Ocean.

Contents and Extent of R&D

O Understanding the impact of global environmental changes on the efficiency of

Biological pumps in the Arctic Ocean

O Finding out the surface aragonite saturation states and aragonite saturation

depth in the Arctic Ocean

IV. R&D Results

1. Particle flux study in the Arctic Ocean

Time-series sediment traps were moored for three years from August 2017 to
August 2020 to identify seasonal and annual changes in the particle fluxes on the
continental slopes of the Chukchi Sea and the East Siberian Sea. Particle flux
was high in summer and low in other seasons with typical arctic seasonal
variations. Particle flux observed during the summer of 2018 on the East Siberian
Slope showed a very large annual change, more than ten times higher than that
observed in the summer of 2017. This large annual change was believed to due to
an increase in surface biological production, as the nutrient-rich shelf water was
introduced only in 2018. On the Chukchi slope, however, there was little difference
in the particle flux in the summer of 2017 and 2018. The organic carbon flux and
the carbon/nitrogen ratio had increased during the presence of sea ice on both
the Chukchi and East Siberian slopes, which was associated with the ice algae and

the transparent exopolymer produced by it. Particle flux increased by about 18%



between 115m to 335 m depth on the East Siberian slope, indicating that there
was a horizontal transport in addition to the vertical sedimentation. Particle fluxes
on the Chukchi and the East Siberian slopes had rapidly decreased since 2018, as
the supply of nutrients through shelfbreak upwelling had decreased after 2018.
Therefore, the efficiency of biological pump had decreased since 2018 on the
Chukchi Sea and the East Siberian slopes.

2. Carbonate system study in the Arctic Ocean
Aragonite undersaturation on the surface water showed only one of the 35
stations in the western Arctic Ocean in 2017, with 2.9% undersaturation rate,
showing the smallest ocean acidification, and 5 of the 25 stations in 2018, with
20.0% undersaturation rate, showing the highest ocean acidification In general,
2016, 2017, and 2019 were the years when the aragonite undersaturation rates on
the surface water was in the range of 2.9-6.3%, indicating that ocean acidification
was less severe, whereas in 2018 and 2020, the aragonite undersaturation rate was
18.6-20.0%, implying that ocean acidification had progressed seriously. Therefore,
it is thought that the ocean acidification on the surface water had episodically
proceeded in the western Arctic Ocean from 2016 to 2020. The vertical
distribution of aragonite saturation state in the western Arctic Ocean was
generally less than 1.0 between 50-200m water depth, indicating aragonite
undersaturation at these depths. The percentage of aragonite undersaturation
throughout the water column was 32% in 2016 , 32% in 2017, 34% in 2018, 38% in
2019, and 33% in 2020. As a result, it had increased little by little over five years.
Therefore, it was judged that the ocean acidification in the western Arctic Ocean
had gradually proceeded in the deep waters.

V. Application Plans of R&D Results

O Validate the results of the combined ocean-atmosphere-sea ice-ecosystem model
and use it as a basis for performance improvement.

O Utilize the predicted results of ocean acidification in the western Arctic Ocean to
make policy decisions to minimize the economic damage to marine biological
resources.

O Identify changes in the efficiency of the “biological pump” in the Arctic Ocean
and use them to predict the future climate change.

O Use to predict changes in the marine ecosystem of the Arctic Ocean due to the

global warming
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75 24.0 'N, 171° 97.2 W)l AAFATH L 1). FAHols] tFAFAS] 7412 532mo] 2
om, FIHe HAE EfRS A7 #4100 + 15meF 320 £ 15mell AASATh g F4l o]
510m¢l H A hFAFEANA = 320 + 15m Aol HA = Efis & 7] dA 8. #57]
bt A AlEE 495 H 119714+ 169 H4 o= 1 9] 7|7k 1/lY 7Hg o=
datder. 2t AEHAE F71E 2l HAe AR E%% st A YEFES FH7HE
zadd fH10%)F AF A HFE Ao & Sok WIS FA7] Sl
Acoustic Doppler current profilers (Teledyne Marine, Workhorse 150 kHz ADCP)E & A H
glots] EAIHS] 4 95 + 15 mo} 295 £ 16m ¢ H A& S5AA 4 280 £ 156mel A

ﬂ

==

ARt 3.125km AFEE A= W FX dolEH+= HdW oistul(the University of
Bremen) oA #|&3 s dlo]E o}7}o] B (https://seaice.uni-bremen.de/data/amsr2) S =5}
o At

=i}
=

OFI

d 3l4E AsEES
ot 7 SR Ase 94 7t
Wet Sample Divider-10S AF&-3}
AREAE T ol e 24)

[
AlF et Aldd ANRE2 &2 Ax3 F AgS

s Al Ao A BAE7] AR WA B3 (4eC) R
s T A E (swimmer)S Ao 2 A A 3+ 5 McLane
5ol 59 Yo For etk o F 3/5-5/59)
= 7l S8 ER5w 3wy

FAE F43 F JAAUYA EH2E

TAY. AAHE 7 g5d AEES TASHA BT ¢ RS AP F e

A% Stk Carlo-Erba 1110 CNS elemental analyzerE o] -&3te] ZAson B4 9%

= 3%olstoltt. §7] ©Aa srES UIC coulometric carbon analyzer® #A1slglow FA
ERas)

At 2% wRto R FASATH JAE frrlvAE T A 3R FU)ekA
£ ol&ste] ALtstarh AEVYD TAa FHFS 5%° 2AE 2= 05 N Na
methodE ©] &3t ZHE AL (DeMaster, 1981). 2t gat A&7 o2 Ze
Frle A R ST A el W A 8333 245 w3te] #AHES
and Froelich, 1989). 4714 HAES T IAAUA 204 =719 292 (B=714

_Q_EJ— l%‘]—/\]—71—/\ 7]‘32] O1X]—/\‘] %7]E]—/\x25) uil] 7(]—11]: 7]‘Oi ﬁZ—]g]. q
F23 d8S SeaBird conductivity-temperature-depth sensor (CTD; SBE 9/11 plus,
SeaBird Inc., Bellevue, WA, USA)E o]&3lo] F43A. FE54ast A 48 fs
T Alss H45 Efio] AXE 24 Fo CTD A3d =4 AEFele Uxzl ‘ﬂ}%%
st AR st A9 FAS 9F sl Als= 1LY Y22 vEEol A 50mle] 4z
HE A 970 & 33 B4 A7A W 23O AY. Ak g2 four-channel
continuous auto—analyzer (QuAAtro, Seal Analytical, Germany)& ©]-&3}o] AAbo A A
Ak o] wl, KANSO Technos’ (Lot. No. ‘BV)olA A F3ste= sl4 ol ddAel dist 2+
o] g3t A3 Wi e A oFE £ 014 pmol kg 'olth FEFia FFS

ﬂh
z
©}
a
o
o
2

1 of

= =z o

A= GF/F 2847 mm, Whatman)S %3] o33 & Parsons et al. (1984) #HS ubz}
=43k T



3. AT A3

& FYae 553 A4 ¥EEs B2l 20189
84 X 4 100molA #5d F JFUA E85= 20174 89 2R 89 o =

o}
AN
Ho] 2017 8¢ ZHT}l 2018 8¥ %o

Hd 2). °E dA 845% 2 Aol&

g a FEae 6 v, AEVY o2 2925 2 v ¥ =9 28y CaCOs &8~
Y 71 St 2 AolE Mol tH( L™ 2). sAH el HEAFAE G4 320mel
ME 20173 8-9¥€9 F HAUA 2H2e= AL (12-29) &= #3 2 AolE HolA
grobA, 2018 6-8€ell F YA E= 27t oF 10vl= w5t A7bA e ghol &
A=Ak & 20179 8€ 7 2018 89 Afolo] M P FY o] F ztolo <l
S zAE AT HYE Eflo] 9X3 KAMSI ARoA #=d ¢4 AEd d=24a ¥

.

B
= 20189 8€ 140 mg m°®, 2017 8€(114 mg m HETG X 9 E=RTH(LY 3).
o o] & Aolo] PEL4a TET BT AE o] wdd Aol 2018 W 8¥
25m ol A #3E FF3 AAA(7.3 umol L)o] &3 35 AE Aite] dojd
ARNE A (1Y 3). o]HH =2 HAAL FA Mol A FUEE FFA el
=23 OiE5 719 ek #E Y (Nishino et al, 2013; Anderson et al., 2017).
Nishino et al.(2013)2 & Al #lg]o} aoll A A& WYZH(cooling) ¥} ©]F(advection)E 5 3
FAE 5% 719 971 vvlE 2 EX(Makarov Basin)2 S8 E0] WA 29
v Jgde] THES 9SS A Y eFS(nutricline)S okttt AF3sES A,

o)

d )
Anderson et al. (2017)2 9% 335 Zte= A gdo] THS 7t AW ool Al v}
3 3

-,
y

off —» o>

d

JhRE FAR FeYEozinal B gk vf ith meba, 2018 8dol| ZFolA #HSH
EEel AL A dddel FTHS dS5E VYTt e Aol =g
Nishino et al. (2013)& sAH g o} sfjoll A LFYFHe] dHEFST7ILdl+7F & X2 &
2 7hE S 200890l BEEgl o 20020 BEE A ol s Aato] 7+-d A
o8 MAYSS HHsATt Aol A FdFHo] FHe EE7YD AFTE A
Qo2 FdHEE A AESH Qi 2 #wd JAJA B dojA Az Z WHElE
dodl= F8 WAYFt

A2l g FAFAEANA % s Aol & tFAFAE <]

Fol =943, b Al-dd s 92 S8 AP AEH S HoHFahl
and Nothig, 2007; Lalande et al, 2009b; Forest et al.,, 2010). & A] & o} 3 o =3
af A 2017 8€ 3 2018 8¢l FAMS & YA EH2E Ve R AXd

A

A4 FUs W] A YUt 4). 20179 89 HAE =g 4F W
KAMS20 A #5 ® AAakd +4 #xe dubd o= 20184 8¥ 3 frAbst iz, 20174
o GEra & :

8¢ 2 FE w3k 20189 89 AA vEA FUTHIHE 5). =S A
T AdYge] 542 olytZ & F(Anadyr Water)= WH3HS T 2HAAN=Z



Au)a, 1 ARIF HEFH oA K ES](Beaufort Sea)E el o2 Zojrls= wd

(Weingartner et al., 2005), t}& 4d&F = iS5 9¢S AL} i

AE Efo] AAHE HA s dlSAAd &S v HS A o]th(Nishino et al, 2016; Bai
o Al

et al,, 2019). 20173 20183 Lo AFAFo A 4 A T X =
HolA i vl=etA FAIHIAY] Wil o= ofyrE sf{rF HAs FAHES Aut
Fgo s FEI TYzkES AAGTHE 5). A dFAFAAN A AlZbol] & w
2 frlea F920 Hste 239 AdA AE ALY WEss v st 79
o =7 AlFetHA FrlekA FY27F Frbeklar, 89l Hdighel =gt oAFH
AEdter 1y 535 dA9d 55 dAche HEEY A8 oR o9
gWol gl 99l fA71ea Y27t wEA Faste] HAigd Eddts $4S B2
Attt AEE FrIER FEHAE A fUIEA EY29 ¢F 5% E AA A=, o=
S8 frlerA FH 29 AP A EFo|th(Fahl and Nothing, 2007; Lalande et al,
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(2) ™ ofefoll A AAZ HeIFAE

=
i
o,

sl ot tEAE A 7] e

mlm
1w
I
;

2= 2018 9 6€5H 8€7HA4 4 100m

o 320mel A w=A F7FstFTH I 2). 53], Y xHol Y oR ] Yol
2018 6-7THel fF7Ieta FH e AL Fod HlEl wol YA Frbetdoh B3 A&7
A =g 2n 20184 6%4 74l AA FUrst] frrlvka EEaoh Hlszgk AJHA Wt E
HoFoled, ol &7 AEZFAE] f7|eh F892 7] F8 dJds AN
ghth 3ol 7] ]ﬁ% A EFY2 Uk W olddlA e EHAE dSA
(under—ice phytoplankton bloom)¥} 713k #&do] S oz HAY, o]zt JH o}z

o e EFFAE TS EFdA A5 v dtl  (Fortier et al., 2002;
Sakshaug, 2004; Lalande et al., 2007, 2009b; Arrigo et al.,, 2012). 2018 6-7¥€<¢] #7]
a4 82 T A eks] dSAPY A 100meF 320mell A EAloll 7] o
ol AFAAe g5 ol AEZEHFAE deAH A3 #Ado] ASS e
s ofy AE FEAE S W S < wo] mowA HAF JA S
S7HAA Y s AEERAE AAs ZXAZIH BAE S Aol th(Dezutter et
al., 2019; Lalande et al., 2019, 2020). 20181 &5 T4 100meolA F7]E2 e CN H]
& m=2A F71ske] 58914 1092 HYE Zr=tHIH 2). Ice algaedl 28] A EHE=
transparent exopolymer (TEP)&= 200|449 =& CN H]&(Engel and Passow, 2001;
Forest et al, 2007)<= 7FA7] wi&ol] FZol 3ol €<l &4 =4 stelA F7esh &
g7t Stk Aol TEPS ¥ we Z1o® HQlY. Lalande et al <2oo9b>: CN
Hl &o] HI|Ed| et HelZao A F7Ieth FH 29 sl S7tste S #Fsk9oH,
e {7l %Eqif’% Z7}= ice algaeol 93 Aolgtz F3EAT). 6]1*1” o} g of] A
7IeHA E9 29 CN H&9] F7kekes vld A2 oAl "H(Amundsen Gulf)oll A

Y
i

ry

o
T
= #5549 v g 1ﬂf(Forest et al., 2010). Z1&J4 CN ¥ &2 AEZFaE 79 WHge}
A 80 webd vk = o AgA A CN H&o] Frkete Ao AHFA o
2 TEP¥ #d A& Fsty] Al A=5daed s=2daEY T =24 Holy
7F g sttt

A8l FAbAA A= el 7Hasry] A& 2018 W TEHE 1w A YAt
S7Fedvi(2d 4). W At Al TS Fries FE29 Sk S ot 4
T EYAE SR 5T ice algae’t MY TR IAAEHUA dojd ddolgt=
AL & 4 A sch(Lalande et al, 2009b). f71&<2 CN Hl &2 2018 @ A FH

Al :

o} Aol S o (1Y 336.44), ol= olvlE ice algaedl 2old] AAHH

7191 g ol fFriea Y2 ek A Fo ws 201793 20184
| AASHA S7FstRATH L 33.6.44). 12y 719 CN H &2 2018 o &9

Tk g3 17}0}93\3} mekA, 20179 oA EHo TS frlE A EE2AE ice algaeol
AAHE TEP# #do] glet 20179 o152 TEP A4k oinf HAE EfS HX

3 20173 89 & o)A RPHYES Ao 2 oAtFHTCH
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(3) sAIHIZobs] thFAAAA ol

Al ol & AAFHOA AZF AR EHYAE 100met 320me] FAlel A 77 25.2

2 296 g m”? yr! olloem Falol Frhgtel weEl YA FE vk gt FrhE T o
A E(lithogenic) @ AE7]Y oF Z2 2= 100mol A 320m= 27 43% 2 4.0% <7}
st o frlekast BAb g FE AT 5US Zo] Aol 747t 12% H 16% A s)
ATHE 1. A7 f718s S92 320molA 203 ¢ m? yr! o]gdAwF Martin s

]I

Curve(Martin et al., 1987)ell 7]®¥ksto] FA ¥ 320me] A7F {7 gha
of AwrAd L Hheol A grol 100mel A 320m7bA 2 A 9
transport) % 2 F7FAQ IR Fadol e AS AA ST wEA U EaE
FEAol FH dEE 71 ATt 5 Aol sjolA mprtRrE EARE &
FAPHO R A oR b H F 9lS o= Hlth

HEHAEE = 100mol A 320m77}X] 43% Z7}etqdh. o= S7ERA Ty~
A R iS55 71 g Al & SollA Al wtEE AR
ol 22 gEfEE JAEC] FHA LR o|F % Av}olt}, Bauerfeind et al. (2005)%
A Abol=7 22 HE FE(<K4 o] 2HAE i T dEHEE 49 T M o
E AAstd ot Bt AEVY oF FYHAE dEHEE JAE vEo 4
A717F oA o2 A7) vl (2-500um) &A= 2R B Fo] T om

%
RE o554 %3] 100met 320mAkelol A 40% ALk FAlol Rol WS eyt

5
S7re dsAdEd Aevld L3 e wabdE S AE 100melM 320m7HA] 16%
Paanh BAMelols) thEAM 50-250m FAlo] EAleh: wae ¥ AFE
A2 QA g3E oprlste]l FHeolEI e TN wabgE TR B dtn
Tl dojdas Eibds A7 s

F 1.2017-20184 Fte] HAFAA Bl AxF ZE s

Trap Mass 2ﬂux1 L1th0%en1c flux  Opal 2ﬂux1 POC 2ﬂux1 CaC03 ﬂux
depth (g m” yr) (g m” yr') (g m~ yr) (g m~ yr) (g m? yr')
East Siberian Sea slope

100 m 252 12.0 6.51 2.30 0.87

320 m 29.6 17.1 6.77 2.03 0.73

Chukchi Sea slope
320 m 30.5 13.8 10.7 2.14 0.58
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AT

2016 F-E 2020 7bA] 5 E)F = HA el FA M Eols] RS oA &7 v A
of FdZAYE £AS 7] Al FTEHE AT 1D, AF T4 1, 15, 30, 75,
100, 200, 500, 750, 1000, 1500, 2000m%At}. &<& F7] ©@aref F 47 EE E4517] 9
st = CTDol H-2d Y27l 25704 500 ml H2AZAOE ) 4~H (borosilicate
bottles; Coring®)ll §kth o] a4 AlZol] 93 28 Pa, ¥ npije] 13 a8=2s
HEE 5 M=) S8 ZE gk

AgAz 27 4= VINDTA 3D(Marianda) A2 12} Coulometer(model 5011
emulation; UIC) #A&7|2 €& 7] &4 5 A4, & <28 = B4 gran titration
S(model AS-ALK2; Apollo SciTech, Inc) °©]&3altl. A& =(accuracy)E H g3t H2
S (precision)E& <olr 7] f& #H3HH~ |4 (CRMs, provided by Dickson. Scripps
Institution of Oceanography)E "Wd A3 AULE+E= ZHz £ F7] g4 E £20 1
mole kg & <Za%E +30 umole kg 't} olgtaivolE E3lxE §F U] A,

F Y E, 72, A%, AAET FAEE FEE o] &3] AL THCO2sys_v2.1.xls).

_—

a9 1L AE=el] Arsi el 20160l #53 R A=
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7h 20161 BEF-VI R A, dZE| k) ofgfaiyolE 3t E X

HEEGA 0-100me A #3F £ EFAA 814~-101°C o AT AT I5
A BEOR 45E AR grsgon], £ AR Fasts FS w1
12). G2 EFolA 2861~31.549 WS B IFA HEHOE o= HdA g4
sgom, 2ae weat Frhes F4e wathad 12). §ETI1gL $EE EE
o141 2000 pmol kg ! o182 wgkm Fale] @el el wek A F7kskel %41 100mel A

—_

2250 pmol kg 'S YEHHTH Y 12). dZe=E 204 2200 pmol kg ! o]EE Bk
a1 Aol Zojgel wat Frhstel A Fhske] 4241 100mell Al 2250 peq kg 'S UHER
Ao 12). ofgtaivolE Xt mFolA 1.60-2209 HE HA F4lo]l o]
Aol whep Ax} gaste] 4 50moll A 1.0 olste] s YERHlar =4 100mol A 0.75&
BAT(Ld 12).

ool

Temperature Salinity

J

ap =

0 & :
3 3

s s

25 3

100 g q
3 i

M [

70°N T1°N 72°N 73°N 70°N 7T1°N 72°N 7N
DIC
0 M v ._--_ o T— | 7

50 5 ] § 2200
3 3 | 2150
: s 2100
& B

19 5 ;Izaso
8 . : 5 2000

0N TIN TN TIN 0N TN 7PN TN
) Aragonite

g
=
50 | ?:.--1.25
§015
100 ] &
if2
_ 02225
70°N 71N 72N 73N
T, DR, SEFNRL, RYE, oktatelE g

a9 12, 20169 S5 sl A
A

2~ 21 B 3%
Lo FARE
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A
b

(2) HAs dh5AA

HEAR(EA 0-400m)el ] BEF FLe mEA 1L0C ok S Rk 4410
Aol gl uhet WA Frkske] 4 ) A00mAN LOC RS AEE b b 1), 9
e E2olA 30 ofstz uS q10] ol el ek A4 27bshel 41 400mel
A 34 ol =2 BES UrE]r ‘3}(1‘“/‘ 13). EEF71et A w5 ®35olA 2000 pmol

o

kg! o]dtE ki FAlo] golHe| wel Z7kste] £ 100-300mel Al 2200 pmol kgt

oo R Hil e KOl Fof 1 olat A A A
mol kg! W&o eSS veilth(1d 13). dZgxE T34 2100 pumol kg!

skl =41 400mell A 2100 n
o] 5} =

Sori alo] Zoldol wheh Zrhslel WAk F7kated 41 400melA 2300 neq kg ! Ul

o}

ool w2 HES UEHT(E 13). olgtayolE if‘}E—t— E3olA 1.08-1.782 H
5 B Falo] ZlojHe wet Aol 4 100mell 1 olgte] HA & HQl o
Fol 2L o]st FAlell A HA FTkete] 4l 400mell A 1 1 Fo] =& @#ES YE
(¥ 13)

DEPTH [M]

1759E 10°E ATEW 10°W 175°E 180 11SW  10W
DIC TA

16
:g

=
=

DEPTH [M]
DEPTH [M]

S
=

115°E 180°E 178w 10w 115°E 180°E 175°W  170°W

DEPTH [M]

175°E 180°6 175°W  10°W

9 1320169 SHEAPE SelM e, AR, $ET8L, BUYE, oleatelE

P AR=Iv3
o] A FE

_29_



o

o>,

Al (474 0-2000m)oll A #=3F =28 EZolA -1.0°C ol w$- ki 5
Hxp F7bete]l 4241 500-1000mell A 1.0°CE HI #S 21 =

A @‘} Fraete] 4 2000mell A -05°C e & YEFHTHZH 14). 982 %
- gEeka FAlo] Zoj el wet HAF Frhste] 4l 500mell A 34.8<

l st Aol A 2000m7kA] 2 ®Ekglo]l dASATH I 14). &EEF7 A v =
W 2000 pumol kg ' ol8k= Wgka f2Ale] ZojHel mel F7hske] =4 100-300m
2200 pmol kg™ oo ® Ha F& HQl Foll, 1 olat Al HA fase
00mell A 2100 umol kg' Wl FES Uerd o, 1 o3 F4ldA 2000m7HA &
stalo] 4t tH(1d 14). dZe e “—Oﬂfﬂ 2100 peq kg! o8t E wrokal =Alo]
Aol wal F7lstel WAk Frhske] FA 1ooomoﬂ/«1 2300 peq kg ' o]AFe] =
UEFHTH IR 14). ofgtalvolE ¥tk xFolA 097-1.239 HAE EAX
o] Zloj ol e} 7Fadte] 4241 100-200mol Al 0.8 o]ate] A ghe HQl o] Fo
b Aol A Al Z7kskel =4 400mol Al 1.2 o149 =L FHES YERI 400-1000m
Abololl A 12 el 2 dAsttirt 1 olat Aol A 2000m7HA A ZHAsATH L E 14).

ol

o T

o]

22
fr 3@ 2 ox @Y

e oo 2 KR

iﬁ&—uom’
L

mlo M

0

[

TEMPERATURE SALNTY

DEPTH [M]
~

=

175°E 180°E 17w 110w 175°E 180°E 175w 10w

DI

J
/

DEPTH [M]
=2
L=

115°E 180°E  178°W  170°W 175°E 180°E  175°W  170°W

DEPTH [M]

115°E 180°E 7w 1w

9 14, 20161 Ael s ellA 2, i, EEFV|EA, S8R, ofgfayolE X3

I~ I=RhvA
TZ‘I]T'__—IBL_
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¥
K28 HFEANA HEAEZA GE Fgo 7 #=3% DIC FAEFEE F3d04 1900
pmol kg WeIE HE7F 7bg weka zlolrl Frbdel wel Ha Frbske] 4
100-200m Alolell Al 2200 umol kg ' o]Ao = 714 =gkti(19 16). DIC FAEZE= A
A8 Fe7 EALAAA FElg xfo]lE Holx] ¢
A= 2200 peq kg’lolﬂoi XSoNA AS7HA 2 Aol 7t glAIRE i FAH A =
A 2000 weq kg! olEte] wre Fe Hal Zo|rt T g wel MA Fhe
ojsl Aol 2250 weq kg oldel w2 #ES YHEhdtH(H 16). TA FALEE
o] FAEE W fAete], TA FARERE Ao o3 F2 dFLe Ao
o} ofgtayolE 3w A dEFE Z5olA 3.0 R 7 Eokar 7o
Azp gaste]l gEE AFdAME 15 7S yErd ubd) gisAtdHel e F4
100-200m Alolol A 1.0 o]st= ofgfayolE HX3FE B It 1H 16). Anderson et al.
(20100 % HA & dHFAIA FFaAF7F olgfavolEd i ExstEATHL BaskSith
ol 52 HA | FFolA olgfayolE Ex 39 o]fE “Continental shelf pump’E #|A]
I

H
-1 0
(7]-) lzl—lj‘T ah‘ﬂ:g] Z[:?G

£
—
j=
=
3

;‘ir&ﬂr{n:d

:(o

Temperature
o - 10
:_E: 100 F-s —;:
= By =
i &
9 200 = 2 Q
o
300 -2
65°N 7O°N 750N
Salinity
]
l:u
EH: 190 k=32
£
g 200 .30
28
300
65°N 70°N 75°N
19 16, 2017 8€ et A S hFSol A hHEAUZA FE FFor A5 52,
@3, DIC, TA, otgtarvolE st FAEE
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(W) A o] FHEE(HFA)
AEFE dAHFAA(EA 500m)elA T4 FgFoR #3539 DIC #AREE EFlA 2000
pmol kg' ol E Fm7F JHE ki Helrh st
50-250m Alelol A 2200 umol kg™ ol do® 7} Eokow,
umol kg ' o]stE A th(L 17). DIC F=& &
Al 80mol A 2299 pmol kg '®E 7FF =otow AMZa e =4 100m Wﬂoﬂ/ﬂ A e
woliz whd, §Ea) oA 4] 200m Lﬂﬂoﬂﬁ A ghe BT TA FE& E%Oﬂ
A 2100 pmol kg ' I & 74 wkoka o)k Frbstel whel At 57}6}04 4 400m
ol /] 2300 ymol kg ' ol 4Fe] =S %k—‘é—a LJrE} AtH2E 17). TA $4EX = DIC F4%
Eop 2, FJANATE AS7A w7t AHH o Frbslen, $E5 3 A%
oA Z zte]E HolA| erslth ofgfalvolE XstkE 4] 50—200m°ﬂ/\1 1.0 ol&t= o}
ShaLifolE BEAGHE WGOH, 200m )3t 4 1 oo olglirtelE ¥}
Ei}”EHE HATHE 17). ofgtavolE ¥de+ H of W& Az IoNA o

A B5Eglen, ofgfaolE Ba s FA2 A% M% 50-150m¢! WH¥, F%&] 2

% = Zz‘% 100-200mol A #ZH Ak o] ¥ olefave]E st FEaE el W E)
MEgAA o A B3" AL DIC $=7F MEFH A wiEolth, A Za) o] A

o] ®all= o] DIC 5%=7}

DIC 557l =& A2 sAHols] dESA o 22 f71&
2 AT/ USAEeRE FUEAY] dEd Ae= duE

Temperature

DEPTH [M]
DEPTH [M]

1RAE 7RI 17w TREW

DEPTH [M]
DEPTH [M]

180°E 175w 170°W 165°W 180°E 175°W 170°W 165°W
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Yol MEF8] FZdFolA #=3 DIC(dissolved inorganic carbon, &<%7]&k
= 1982.6~2000.8 ymol kg 'o] MY R, AT AMZo] A EA g o}
o e HOl Wb FZEo] 9x3 H Ao 1900 umol kg ! o] &t
et d 18). %534 TA(total alkalinity, $&Z %) &= 1921.7
~2311.9 peq kg 'o] M9 Z, DIC HEFEEe}t FAste, A Mool A =oka ]3]
ol A x»}ﬂr(la 18). TAS %5 FHEYXE 9% X9 1S FASY, TA $&5+ F
2GR 9 AATE+= Aow HddEu olgtaiyolE ¥ 3}%(aragonite saturation
state) = 0.92~3.919 ®9I=, TAY HFEE W FAFste], FAHolsfiol A =okar
2| e ol A SEQeH (L 18). ofefal 5 =
frAbste], ofgtaivtolE 3l = FE i o AAH= A
o|E 3w} 10]8k]l ofgfiyolE EXE 3=

sA M Eols] EFa Tl = olgtnyolE Xt B A &gtk wepA & FAHA
sk sAlH Elofslol Bls] H Aol A AA] AZsAl AL Q.

>
o

—_>‘ﬂ‘4

ﬂllﬂ i
W e

Sal. @ Depth=0.00 DIC @ Depth=0.00

Wi -
»
(_ - 11950

’ i L
W gi
w, R # ‘é Py

—————— 1GII"W‘§

79 18, 20189 8€ol AEIFaolM #EHF IR, S£EFVVRODI0), F&, dFL

(TA), ofetalfolE X3 o] %

H:l
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J5 o s B3 DIC £AEEE EEolAM 1900 umol kg ! WR &
okaL zlol7b Frhgtel whelk A F7kske]l 4 100-200m ARelel Al 2200
st th(1d 19). TA 4%

Abstel, TA $AREE F2 ARd os g@ws Ao guwthay 19). ohehut
oE THEE EFIA 1 ooz olrtmitolE HEE nAAW FA we M
Fraste], 4 100-200m Akolell A 1.0 olgt= ofgtalvolE Hx3tE HIvHZ1H 19).
obebaitol e ¥3) 1 o4 1], 200m o] 3}

b 54 200m olstel A thA] Z7bste]
1
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AEFENA T4 WFoz #3533 DIC FAREE ®HFA 1900 umol kg '22 F%

7V b wrkar zlelzb SbEel wel HdAk F7kste]l 4l 80~250m Akelell A 2200
pmol kg! o] o & s =gtomn 11 o] Al 000 umol kg ! °olat= 7234
(29 20). DIC 5%+ S

e 2
olal 7l 127 Az elol A £4 100mol A 7HE %
q

L b HAS 7 93 TR I E A 200molA 7HE =gtk TA e %
o A1 2000~2100 umol kg 'l WA 7bg wka ol7p Frhgel wel HA Frhskd
Z=4 400mol A 2300 pmol kg ! o] Eo = 1=

DIC F#& 29 98], TA #57t XFAANFEH AF7A A&HH o2 Frtstdirt. ofeta
HolE 23lk= 74 50~250mellAl 1.0 o]st2 ofgfaito]E EXSGHE Hlon,
250m o]3t FAl A= 1.0 oG o= olgtivolE XS E Bty 20). ofgt
AYolE EXx3F T4 AE S 50~150mel wHH 2= £ 9 72 100~250m
AA #ZEHIAT ofgtiyeolE xstwe] FARYEE TA FATEHET

o FALSHA BS5EHE ZAOoR Hol ofgfiyolE X3k FARTEE
AAE = Aow FAuE)

ol

DIC 4+

2 DICe] ¢

N

4 180°E 175'W
175°E 180°E 175°W 170°W 165°W 160°W

175°E 180°E 175°W 170°W 165°W 160°W 176°E 180°E 175°W 170w 1a&°w 160°W

180°E 175°W 170°W 165°W 160°W
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gk 20199 &7 A, ek, ofgfalyolE X3t X

(1) £F +3*
2019 8€ o A E=3] S FolA &= DIC (dissolved inorganic carbon, &<&57]
eh4) $EE 1749.3~2087.3 umol kg el W R, AFag Mol 93 F A Hl g o}
oA AR e FES B wbE, HAX ] U FEolAE 2000 umol kg o] el =&
HES YERUTHLE 21). 23535 TA (total alkalinity, 428 E) &= 19191~
22379 peq kg 19 W R, DIC EFEE9} FALsY], FAlHlglobaol A shokar Xqi]sﬂ o

Sl =ATH(E 21). TAY (T THEEE i wX9 W5 FASHA, TA 5%

T TR did g8 AAdsEE Aoz #udd. olgtauyolE ¥ (aragonite

saturation state)™= 0.97~2.789] W=, TAQ XZE¥X9 vl$ FAFse], olglaiyolE
I EE T2 didd 93 Z2AHE ez dddn (17 21). ofgayelE xs e}
1o]&kQl ofgtaiyelE Exst= HXA& #£3 1/ AAdA AFHALH, FA H o}

FZTdAFAAE ol yolE BX SV B5HA] FSkth ofgfayeolE ¥tk H A
f5e algelA 7Hd =4 d5H0a auFem A obsfoll A =ka HA el uiH
A s Gell A 7 SEAl BSEA, H A EARE s el A &g *Wﬁ‘rﬂ 74 AR
Ao g dedt
Tempt. [ ©] @ Depth [m]=0.00 Sal. [psu] @ Depth [m]=0.00
=15 oy m -

180 grow 180V 1o0E groew 160

DIC [umol kg] @ Depth [m]=0.00 TA fumol kg] @ Depth [m]=0.00
y S = %o

Wi — _ — =\

2200

- 2150
2100
2050

2000

1950

N 1900

Tae ew 150

0 Arg @ Depth [m]=0.00
A — =

a9 210 20199 8ol ME =l #5F 2, G, 85719 4(DIC),
AT (TA), ofehurtol = E3pwe] E32



J 98 ko e #=3 DIC FHEEE F3oA4 1900 umol kg’ W2 ¥
b 4 Sk @elzk FAhEel wek A F7hstel £41 100-200m Abelol A 2200
umol kgt o1FOE 74 Eehom, 1 ols FAANAE HAaSHATHLY 2. DIC FE
oA R U dEANer 45% A4 /A TA FAREE ®
FoAA 7 wekm A we AR Fhstgom, G FHRES g fArstel,
TA FAREE F2 G2 o8 GFne oz audchay 22). oletueE ¥
SEt ExlA 1 oo oftmtels #HTE WA FA wek AR Fhd
o, %4 100-200m Akelel A 10 o] 8t ofebiifol= ¥x3tE weirh1d 22). obbx
UolE 3ws} 41 200m ol sl A thAl F7hstel 1 ol 4 el 200m ol 4o
A olebiitolE #E3E BTk ofetatelE Eahusl YEFAAE 1 oo of
daele HESHE wtd, oA UWFRANE JYA FiHol FReke] HBEYA
£ Qapargel w97] mielth, Aol F7bEHM DIC 7} ghadhel A ofeta
Uole xahmsh Frhdeh dEAHelA 4 100-200m Abelel A o}l
o)

g B3 A2 dFSoA AN S7tE 8 AAE B2 frlEol
o

215]0] 241 100-200m Abelel A uhe|elobe] os) E5WA CO7b WAF] DIC F%
7} Z7hs7] Wolth 4l 200m olstel Al olebaitelE AT Ml AL o] FA

o= pH7F WA 2 MG Fd7F Bol EAstr] witolt.

Depth

0 500 ) 1000 1500 0 500 ) 1000 1500
Section Distance [km] Section Distance [km]

Depth

1000
Section Distance [km]

Depth

o 500 1000 1500
Section Distance [km]
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EZd oA #B=3F DIC (dissolved inorganic carbon, &&%7]
oA 1830 umol kg ! o] o ® HWA =S S BYw 9 o
FAMRlok Al A Gl 1800umol kg 'S UERTH (L

23). =34 TA (total alkalinity, $&Z8 %) %= DIC ESFX9 v FASH,
Zh-H QoA =% F dom AeE 7 ﬁ\j}"iﬂ}(la 23). TAY %35 FHTEET
i Bz} w9 FAEIY, TA 25 F2 g g8 Z2AHTHE Aoz dAddn. of
gt olE ¥ 3% (aragonite saturation state)®= DIC®} TAS] X FHEES} FAFste], 7}
- sFAdA =g F Fom AFE PASATH L 23). ofgfavolE XstET) 1
o]&}Ql ofgfilL}ol E %Eﬁ}% Hel AR BF 87Hi A o}k H"ﬂ’ﬂ 77H 7‘47‘401

a9 23020206 8ol ME=eol A #5T 2, i, 5719 ADIC),

LY =(TA), ofghalolE 3}

H
Lo
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(2) =4 £x

AEFEAA G5 FgFoz $53 DIC FAEEE E3dA 7MY v 558 Hn
Zo17} F7hekel wel ™A F7kske]l 424] 100-200m Abelel A 2200 umol kg ! o] o=
b =kt (1’ 24). DIC FHREEXE 98 ALY vlg FAste], DIC 42X E
T2 Aol o YIwtE Aew AudTt TA FAEEE DIC F42x9} A,
E%oﬂﬁ b skoka FAldl wel Aak bR TH(LE 24). TA FAREE i 74
ol FAFSte], gitel 93] A JFe v oz dAgdr olgtaolE X
4 10-30mol A 7Hg =2 e B3 $4 50-200melA] 1.0 o] 8t olg el E B
¥oE BIAHIH 24). 955 A 100m o]slell A ofgtai}elE s mrt 06 ©5t=
]9 wre Zhs Btk 441 50-200m AM oA olgtiolE B¥3E W AL gF
oA AGE Be frlE] dE AR fY5ol 74 50-200m Aleloll A uhE| ] ofe]
olg] EajE WA CO7F &3] pH7F Z.%i—c‘»‘}ai 7] wjol o},

400
Section Distance [km] Section Distance [km]
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Sl A s FA sk A

MEZE] FZaf oA otgtarttolE E3te= 20174 357 B 74ed 1] AA
oMt olglupolE B¥3E Ho 29% EEIES JeER s sE b #A R
g om, 2018 2578 #FAHH kel 571 AAHelA ofgtiltbolE B EE H
20.0% =X 3-&S e dlgatd st 7 ol JAHATGE 2). AR 2016, 2017
W, 201998 EZsFol A olgtaolE B3 0] 29-63%2 WAR YA EI}E 1)
WA ZA FAPE sl whE 2018 202002 olglaolE B ¥ 3Eo] 186-200% %,
NFAS 7 AzskA A AT b A RSl A siFAAE s Ao 13

(e}

97 wrks ARadsA AREE Aoz A4t Y 258 MBI B3
AEA offurtelE Xaueh @Y, PLUYE, §EF/EL, G5is FRBAS U
B A, 53 ofrbitolE Eahmsh A, ABYESHE £ Fo JUuAE
Hol W, §EFIIEE, GHAGE obFY AUUAT HolX Gt oA AR
sl EEa 5ol A 201649 HH 20209744 519 Bk olebartel = Lol 4 2 e
WA e grow el komA AME B4t olealtelE EHEE s i
1 Aom Wk w3, ofrbuitolE EaEst §ERI 0L, GRaGE ot
BAE wold 2 Ae EFaAFAN ARFYAGol v vopx] YEBFo] ofebiitol
E Eahud] A 9F2 A4 2] Bl
® 2 ARFH mEGolA 20168%E 20208744 5 B ofFaifels Bxs W&
3} olgtaiyolE ¥ 3% Hat jh
2016 2017 2018 2019 2020
ERE 5 32 35 25 31 43

oletuiiols $xst HAHL 2 1 5 1 8
olgti Lol E £33} H|-8(%) 6.3 2.9 20.0 3.2 18.6
o ofgtiUolE mSte 1.66 1.78 1.39 1.65 1.31
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Depth {m)

NEFE) 73

NEZE oA olgtavolE 23w FHAEZE AR F4A 50-200m AbeldlA 1.0 o]
o}i, olg}atolE B3-S BTH 1Y 26). 2016 FE 20200 7hA] #=3k ofg}ari}ol
E ¥3xo FHEXE HW, 2016 offfnuyolE E¥3 W& 32%, 20171

32%, 20183 34%, 2019l 38%, 2020:dell 33%=, 5d&<t 2w S7bekivh. whebA
AESE LR Hst Age Aol vt AAHoR

Nete Aow wed
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