- Earth Simulator JAMSTEC Proposed Project -

ALK BR a8 B A 0 = X L DFFEIRZ ) T2 KRS ST U v 7

P A

Pk Hehi] AT T PR FERRAR
A

P e, NEPSE SCHRERT, 9R

HERBRBIRIMY AW EREEA GRS > ¥ —

BT, )G LT

* YRR FEER JEREAE HEREREEIDM ALMERE A B e ST sE v & —

* BURMHERY: AT JERT

JeABE CUT AR 72 HZE DU KRR IR RT3 DR E R OB T AREI 208 O K72 b TS - RFICDH
BOREE-STRY, RAICKEMEB A V=X LEHA L, fMERTRICRKRIE 2 Z LXK FENLEH I
T 5, AR TR IC 31T D IEKERE - AL - ATEREBOEREMAEITH 2 & & B, IKIEBERS
ETNE RO AER T — NV OFE 2 BEERZ S < i L5, S 3 R, AbmifEEik T T 1 DK 5
km F&T-RRCHE & AT FEER (2001-2020 45) 217V, WD D ERE L - HERWRL O F = 7 TRt & ) &
AR B3~ OB FE 2 SRS SN2 U, F72KF 25 km A8 TR CRIAZENEER (1979-2018 ) % 4T\,
AN & 5 MG NI RIET A > %7 MR ERIICEHE L7z, & DICEBERARRE IR TR
RTHIZEER (2015-2100 ) 1T H A& F L, HIBKIRRALICHE 5 MoK T4 2 7 A4 27 L O — B A FE R OB

(ZOWT PRI it 21T - 7,

F—U— AL, WK ST 70, FIRBYERIRL -, IR L, 74 2T LY —

1. #FFEOE R

AeARE DK BERBUE O KT AU R A E 4 5
7L TRY, BUEMREERICEE bR EERE K OIS
HERIERR L EE 2 5 L CHPKOGFEEZRHET 52 &13T
A, Z OAHEOHEK SRR L TR Y | #
IR C H ZEOWoKRZIRE L2 & D2 BT
R EMD LS SN TNV, KD OFER L LT, JaR
DAL, W ERIRO E5- MRS R ORI & 23S
SNDH, TN at AR THEBIHEAEIER LT
BY . BEROHHIR 51332 h0> Tial, bkl
WECE BT - KR - SEEERE S SIS b U, &
WA N LCEW ST > 7 oo - LA R
WICH DN TA XY NeE2BZ ERTREND
DD T 27 N I ER OO ETE 2, W\
FEERHEEDNREV, 0L ) IcdtiEEEIL e THE
MECHKRIEIA 7 BB ANE L o TS, RHTH RS
FhEZDA N =X LB ERMICGERT D0, BE
172 SEERER E O T CHREN U 7245 5 L 2RI L 7= figtr
RSO HND, AFE TR MbAtEE T U > 73
S - TR - 5 & W o T2 RIFTBR ORI Tl
WA A r— VO YK - B R 5 L CTHHEA
RT7T7Ta—FThd,

JAMSTEC AHABER B AR FE 2 o & — Tl KRR
A O BEE A5 I AT B D N e — S 5 F =
7 FHER R HNT TP 4 Hi5 (Station NBC « NHC « NAP -
CAP) IZBWT, ¥F 4 A2 b b T v 7 RERICE DR
BIELN A 2010 FE0> BRSO EME L TR0 . FEiafib
T% < OREFEEY (Lithogenic Material: LM) Z#¢
22T ERHEINTNWD, 2O IM TR &
W) U T HEREDRL - DSEIRTZ E B2 HIVTW A, E DR
e AT PSR A B T — 2 ) D EEMICER T D

Z L REECH o7, I CARE T, ARk
FOTav AEEGHNEAN L, KEEEREHEE IS
BlgSEEE A M Lz [1],

AL 13— F o 7 REECAL K KA & K E DI
RBFTALTRY . ZOWKMA AR E O AUE TR
b z#Emd 2 L THLETCHEETH D, S 6T
AKITHIKTET T L BRRBHOMRIRE LTHE R
5D, ARFMEOSATHIZE T, WIPKONAGR b FHE
TE DIREROBEImT T /L & KRS AT T LV A
Bt sz LT, KEERJID S OB AL BT OHEK
B KR BRI BRI A Ry N EERER
WHBMM™ZL, LAV —REZB UL TELDAT 4T
TR SNBRREZT T [2], WIKONTEE (hbk
HE - BEEREE) SOIRERSRAY (BfEE - TV U ) b Ak
WBOERERIM L Z2#in T 5 E TR TE Z2VWFET
HDHZENEEESND, WD BYKOHAEIT R
FEDIR oMM L 2 T2 D3 720, WK &EWE D
*E G- AAES 2720121, FIEEZRBR Y BLEM 23 E
ERWEEHEET VERBEHATHD, £ TARPET
WX, S OMYE RN E 5 2 5 FEROFER AT 5
Z & T, WHER b A~DA R FEBALMNT LT,

UGG CUTEE AT AT L T WO DK 127 A 27
N — UPKIZARE T 2BEORTER) OFEIC S Z KA
Xy Nehx BYREEHEN LTI T b oSofadE -
WHILEE « MEE R EOEIER AR bR MIET I LN
TSN TV D, WK < e duUTHK I i~ KB
OFTB IG5 —5 T, WKBIRAIIAI & 5 R
JERAL AN LT, MEREORERRE A K T S5
ENRD D, FRPKEROBIBTEEMCABROE L E
H12bT, ZOXINTHPKIEA T T A AT L — LA
PEICx L CIE S BEFNFNOFELELEHS, L, 71 X

-1-1



Annual Report of the Earth Simulator April 2021 - March 2022

T LD N T ESCHC & D BRI REE & v 5
HH 0| ARREAEES L O R AR 7 — L DR ZE 25 E)
IZOWTHRE D> TR T, & 2 CTRIED AT
RgE TR, ALRRMERF SR OO EBRA 2 Mekl - T dH 5 FAMOS

(Forum for Arctic Modeling and Observational

Synthesis) (ZHN L TV 5 IR E OWE KL A RE TR
EFILOFERE O AERICE SN T, TA AT LY —
D HBEEPERDIERIR & SRR N X TRE L2k
BIEEOFMIZ L > THEEHZE(L L TRY, Dt
1980-2018 FEOHAM CIZET A CH@OEH LU KR
BROENZDoTeZ LB MELTWD [3], D%k
oY 7 k&b IAMIP2 (Ice Algae Model
Intercomparison Project phase 2) Tl. xf&HiH %
1958-2100 ARITIER L, A—A R U7 « B & « kED
ETIURER SR THIE TED Tl d 5 Z LEHH LT
B, A TEH X DU R KRS & otz
E O E S 3 FEICHR L (4], AT
FERTMER CHE SN T A AT N — AR
—EEHET 5,

2. ET/VBIER JOEBRE

AR TR —R & 722 DK EE 7 V13 C0CO
(Center for Climate System Research Ocean Component
Model) version 4.9, {EKUFEARER-WEIERTT VT
Arctic NEMURO-C (Arctic and North Pacific Ecosystem
Model for Understanding Regional Oceanography with
Carbonate Chemistry) T2, ET /LB E DFEHIT
SATHRFELS, 5] (2R LTV 5, 7 VAR
B LI REFEITH T, KEMEGE 5 kn
(1,280 X1, 024 ¥¥) /$0iEL 42 JEDIURMRAGIR & K TFiAG:
FE25 km (280X 200 451 ERiE. 28 JE D G R A 2
NENFEELTND (F 1), K CTHRET DHERTHIE
MR LD FEBRCIE, NCEP-CFSR (National Centers
for  Environmental Prediction—Climate Forecast
System Reanalysis) FHifHT T — % & KRRk & LT
Bz =Y 7l I3 B < Vi - KR - B0y
DOREERF K ZTRA ST T-, F£72PHC (Polar Science
Center Hydrographic Climatology) 3.0 DJKif - ¥&4y%
WG ANESER SR W2, T A AT T — D0t
e TFHIZERR Cld, CMIP6 (Coupled Model Intercomparison
Project phase 6) IZBINL CWALEEKEET /LD H b,
EC-Earth3 & CMCC-ESM2 (243 < KEHERSM A TAMIP2
DOFACREICERR ST D [4], i & b HERIRRE
{LEAEE LIt o7 U 4 SSP5-8. 5 33 L TUNSSP1-2. 6
DN EFANTEG 4 r—AFERT 55 TH D, FfBk
TS8R D IS AF 1% JRABS—do
atmospheric reanalysis for driving ocean—sea ice
models) [6] @ K& HE R &1 % 5 % 7= Historical
Experiment (1958-2014 4E) Ot RA2 V=, ke THI%E
BROMIESERAIEITIL, JAMSTEC 28710 & 725 T MIROC-
ES2L &7 /L CEE &7z SSP5-8. 5 3 LUV SSP1-2. 6 DHY
71 Q0154 1 AfEmb07 7~V —) ZAviz [7],

(Japanese bHb5-year

(OB Lateral Boundary Condition

Forcing Tis

\@ 3 ) CFSR PHC na

Control CFSR PHC WoA13

with RBGC CFSR PHC WOA13
15

[1958] 5 JRAS5-do WOA13 WOA13
O ssP5852100]| EC/CM(585) MIROC (585)  MIROC (585)
@ ssP1-262100|) EC/CM(126) MIROC (126)  MIROC (126)

EC: EC-Earth3/ CM: CMCC-ESM2 / MIROC: MIROC-ES2L

Experiment Period
Nitrate / Silicate TA/DIC

GLODAP-based

GLODAP-based

GLODAP-based
MIROC (585)
MIROC (126)

K 1: K —AOFEEHIM & R - BT
LN O B BT AR D B

3. FERRBHEREYIRL T OlERE

BRI E 7 /L DIRFARG IR PR IR ) LM & 487E
U7~ TSR 07 a e A 2B A L, ACEEAHE
RRHEZ 31T DTSR 2 fT L 7o, MEESD> S O T IRERL
F7 5 v 7 2 3EER FE TOARFERHED el Hefild
2 EDTETNNTRIE L, YRR T O R 1L 0-
5 m day! O#FHTAKT—EROSHE i % 52 T2, 2001~
2020 FFEXR L LTAFE 2 BENFEBROMEREF~T L 2 A,
T 4 AN NT  TIRERDPE A TR T B R K E
IMTHBLL TS Z EAMER T (K1),

1Y10-19 mean|

(NBC
f-0 <> Canada

1 (7)) KFEPEMEASHEHALE S5 T 2 7 TR
L OB F ZYE AR B BRI, ()
FRRIEHERE IR T- D7k 200m TOIEREZ 7 > 7 A, 2010
9 AN5 2020 428 A F TOWIMA,

Alaska

IR FEBRFE R AT+ 5 2 & C. F = 7 FREtiiEE
D0 FRRE U 7= MR T OfEITIE, 1) e —EsiE
WL, 2) T = FREike A vEm X125 CSC (Chukehi
Slope Current). 3) /S —EEEFRIZ L > TA X b
BNCARL S5 RIS TN E N EE R &E| 2 - C
Wb Z ERbhot, R—7 54— MEKIEOEENfE-
C 2010 FEARITHR KA A) 27k LT2 CSC LT = 7 THE R ~D
B FHE B O EF 57 2— 5T, 2012 4-%° 2016 413
TEFTRIEENC X > THFFWRIC S < DRI HMEE &
nNTWiz, 87 4 A2 b T v TBELOSHH G ISR
TRATE S TN & RDIRA SR SR POC DB FERE S 7
HIVTWD Z b, FRREE) D FRRE L 7o HERE kL
TAERERAARE D RBIEERIC L > CTHHETHH Z
EEn (K2), S%IE—#HOMSRERA s
DAERERRCW BB BRI T RIS OV T EEMIZETE
fliL TV FETH D,

-1-2



® csc
_ Lateral Transport
100
£ 7
£ Resuspension
8 200 Chukchi from seafloor Sinking
shelf
[ Y10-19 mean)
300
70°N 72°N 74°N 76°N 78°N
0

.~ LM sinking flux at 200m
== 5.18 gm2yr!
* statistically
estimate

POC sinking flux at 200m

Depth [m]

0.13-0.30 gC m2 yr!

Y10-19 mean

lg/m?]

X2 :2010 4£ 9 H D5 2020 45 8 H £ T L7~ FAREHE
TERI TR (1) PERR 160 EEE () PERR 150 BEIZIA
S T SnE WX,

4. YEERRMELICRT B RIKRADA 2237 |

HRERE ALK B0 S O ETRADA 737 |
B0, AT D24 e =tk A - L)
Y~ - w0 DA - Hig
- R - TV Eo AR EE % Arctic GRO
(Arctic Great Rivers Observatory) D5 —H+t v b [8]
MOIERK LTz, 24512 AOMIP (Arctic Ocean Model
Intercomparison Project) CHEfL XL TV DHIKIEAR
DR PRGN E T D2 L TT T v 7 AMEICHR L=,
F 72 ZOFRFNOW USRI R ARG Uz b L—3—
RO T, KR ¥4y LR A — A TR - IEE0EE 2
AR L7z, ZORIK b L—H— DA 2T &
TAH IRV TEMMRON T T T T T WD
Transpolar Drift Stream |2V > T 7 T AYEEED I HLA
BoTNDZ ENfERTET (M3), AtiEriili 5
SREWTEIX A 7.5 & M SHI 40m EEICHT TEL
AL T,

]
Depth (m)

Depth (m)

©) BB’ (140°W - 40°E)

70°N  80°N  NorhPole 80°N  70°N

3 : 1989-2018 DM T L=iJIIAK b L—H—
S5fi, (FE) 28 10m T LK, ) Ao
AN & BB TA AZENEIIL - TEREENEIX,

- Earth Simulator JAMSTEC Proposed Project -

WA D DWYE RN % 5 2 % I8 & 5 2 72\ 0 I8k
EENEIATV, EREOT )~V —% @i U, 1B
FEPEALODFERE & 70 2 IR T L ™7 KBTI Q % SRR C
g Uiz & 2 A, WERAE 52 123280 J7 23 g2
WTQREL, FHIIIBTANT D0 FHEeT 7T 7
Y B ARSI NT CTEDENR K E -T2 (X4),
INHOERTIEpHES 5L 725 TV, iSO
BEFAD 5 LN - BEERE O 5 2 D Kk & 2 -
TNHVERTE 253G ENEIEBINTITo7, %
OFREREFRRIL 2 A, Wl - BRI~
T2 NAZ L DB AEROBINE N LKk O
FRLIRSEYEE T BN H Y | FRTIHFRTQ - pH
DIEDT )<Y —IZHEE LT\, —J, &R - 7L
U EOFNTIN R 2 ST AtBE SR Ic B )T Q - pH
DEDT )<V —IZRELHFLH LTV, Zhb DT
FERDNS | 5 OB BIEALRRE CHEf T LT
WD L O T2 B DD RN H D Z L IVRE
iz 9], A%, LR MLy R BOKIAL
K DFPGDE L OBS#H G E D THRE L TV FETH D,

K4 :RE 1m TEH L () REEILY D Afafi
Q& () pH @ 1989-2018 FEEEME, {A1)117H>5 DY)
B (THEeHE - BERRIR - 2RI - T AW V) 5%
ROWEERIK T 252 T FROT /<Y —, QX pH D
TEDMENNE EEEM LI T L TNV D 2 L B ERT 5,

5. TA AT NI —EMAEFERDRTHI
AREBRCHEINTET A AT A — AR R L
v K% 4 BT CHEAE LIz L 2 A, dbifEail o
REDEEN R S~ (K5), ¥ 3 Historical
Experiment (D 1968-2014 EIZIIHHI N T X L EHEO A
T b Ly RBRE Do T-—F7 T KR O R
RNV UVHETIEI N Ly RS RS, iR
F U A4 SSP5-8.5 @ HiERIRZ L & 48 E L 7= Future
Experiment @ 9 5 2015-2040 EOWIRITIL, XY 7l
WHRD T ZHeT 7T 7T F Lo RRKRE otz
FILIED 2041-2070 4R 2071-2100 4EOHIRT & B
BRSO EDOD, Ly ROMEITNEL oo T,
T A AT NP — R A E RO RRER & LT, ik
JEHE DY « AR L O E LA RO/ MR
T Bib, FEERCHKIENEA 35 2 & ¢, KK
TONEITEINT D, (A UARFEER I EEZZE L
TWBDT, NI A—HFEE LTEX DREEREE T

-1-3



Annual Report of the Earth Simulator April 2021 - March 2022

TOERIBRASEFN S VA0, T L 0 LRI huaf
WEHIBRASR L XD, YK F ORI I 3kk 4 72
0 AL - CEET 203, AL COWRKREKD
ERIIFEREREOK TICKEL FEH5TD, SBICESE
WZHKASETE B & 7 A AT AP —D AR EME R S b
B2, WKEBIRO BRI IR PE RO D78
V155, AERTRONTZT A AT N — A ERD
FHIRE b L2 R o b o XEER OM A Y
THUEEEZ BN, SBITEHIREOMET & AhET
HED D Z L THxZR %S %2 AED > T <, $£72 SSP1-
2.6 IR EEI AR LTV ADKRGEREME 5 2
D FEERIERCA—A N T VT« B FH KEDLENEN
RS NI TUAER & bl - fiftr -5 2 & Tk T
MORFEEMEZFARTN TETH 5,

2) 1968-2014 ice-PP trend (10°° mmol/m3/day/yr) b) 2015-2040 ice-PP trend (10°® mmol/m3/day/yr)
0 0

X5 : TAATNVO—HEBEEERED L2 K, 1968-
2100 % 4 IR/ T e » |k, 2015-2100 4E1% EC-
Earth3 0 SSP5-8.5 7 U D 1% 5. % 7= EERHE R

HEE

AT ST A O AL g 7 e = 7k
ArCSTI (JPMXD1420318865) 33 S OVBEHFoeE Bk 2 - B
RERFFE B (18H04129) D3 HR 252 1) T3 L 7=, JAMSTEC Hh
BRIEHA A HTE o #— DS K2 DR — MM bHIELS K
HELET,

STHR

[1] Watanabe, E., Onodera, J., Itoh, M., Mizobata,
K., 2022. Transport processes of seafloor sediment
from the Chukchi shelf to the western Arctic basin.
Journal of Geophysical Research Oceans, 127,
€2021JC017958. https://doi. org/10. 1029/2021JC017958

[2] Park, H., Watanabe, E., Kim, Y., Polyakov, I.,
K. Oshima, K., Zhang, X., Kimball, J. S., Yang, D.,

2020. Increasing riverine heat influx triggers
Arctic sea—ice decline and oceanic and atmospheric
warming. Science Advances, 0, eabc4699,

https://doi. org/10. 1126/sciadv. abc4699

[3] Watanabe, E., Jin, M., Hayashida, H., Zhang, J.,
Steiner, S., 2019. Multi-model intercomparison of
the pan—Arctic ice—algal productivity on seasonal,
and decadal timescales. Journal of
Geophysical Research Oceans, 124,  9053-9084.
https://doi. org/10. 1029/2019JC015100

interannual,

[4] Hayashida, H., Jin, M., Steiner, N. S., Swart,
N. C., Watanabe, E., Fiedler, R., Hogg, A. McC.,
Kiss, A. E., Matear, R. J., Strutton, P. G., 2021.
Ice Algae Model Intercomparison Project phase 2
(TAMIP2). Geoscientific Model Development, 14, 6847-
6861. https://doi.org/10.5194/gmd-14-6847-2021

[5] Watanabe, E., Onodera, J., Itoh, M., Nishino, S.,
Kikuchi, T., 2017. Winter transport of subsurface
warm water toward the Arctic Chukchi Borderland,
Deep—Sea Research Part I, 128, 115-130,
https://doi. org/10. 1016/ j. dsr. 2017. 08. 009

[6] Tsujino H., et al., 2018. JRA-55 based surface
dataset for driving ocean-sea-ice models (JRA55-do).
Ocean Modelling, 130, 79-139.
https://doi. org/10. 1016/ j. ocemod. 2018. 07. 002

[7] Hajima, T., Watanabe, M., Yamamoto, A., Tatebe,
H., Noguchi, M. A., Abe, M., Ohgaito, R., Ito, A.,
Yamazaki, D., Okajima, H., Ito, A., Takata, K.,
Ogochi, K., Watanabe, S., and Kawamiya, M., 2020.
Development of the MIROC-ES2L Earth system model and
the evaluation of biogeochemical processes and
feedbacks, Geoscientific Model Development, 13,
2197-2244. https://doi. org/10. 5194/gmd-13-2197-2020

[8] Holmes, R. M., Coe, M. T., Fiske, G. J.,
Gurtovaya, T., McClelland, J. W., Shiklomanov, A.
I., Spencer, R. G. M., Tank, S. E., & Zhulidov, A.
V., 2012. Climate Change Impacts on the Hydrology
and Biogeochemistry of Arctic Rivers. In Climatic
Change and Global Warming of Inland Waters, pp. 1-
26. John Wiley & Sons, Ltd.,
https://doi. org/10. 1002/9781118470596. chl

[9] Zhang, Y., Yamamoto—Kawai, M., Watanabe, E.,
2022. How Much Can Riverine Biogeochemical Fluxes
Affect the Arctic Ocean Acidification? Journal of

Geophysical Research Oceans, under review.

-1-4



- Earth Simulator JAMSTEC Proposed Project -

Sea Ice—Ocean Modeling on the Arctic Environmental Changes

Project Representative

Eiji Watanabe

Institute of Arctic Climate and Environment Research, Research Institute for Global
Change, Japan Agency for Marine—Earth Science and Technology

Authors

cen * * . * . . ok
Eiji Watanabe ™!, Jonaotaro Onodera’!, Yuanxin Zhang ', Michiyo Yamamoto-Kawai
“nstitute of Arctic Climate and Environment Research, Research Institute for Global Change, Japan Agency for Marine—

Earth Science and Technology,
“2Department of Ocean Sciences, Tokyo University of Marine Science and Technology

Biogeochemical responses to the Arctic sea ice decline have become an important topic for a variety of communities: not

only natural science researchers but also social and economic communities. In this project, sea ice—ocean modeling studies on
ocean heat/biogeochemical transport, acidification, and ecosystem in the Arctic are progressing. The coupled sea ice—ocean
general circulation model is the COCO (Center for Climate System Research Ocean Component Model) version 4.9. The
marine ecosystem and biogeochemical model is the Arctic NEMURO-C (Arctic and North Pacific Ecosystem Model for
Understanding Regional Oceanography with Carbonate Chemistry). Activities in the fiscal year 2021 are categorized to three
themes: 1) transport processes of seafloor sediment, 2) riverine impacts on ocean acidification, and 3) future projection of ice

algal productivity.
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1. Research Background

The carbon sink in the deep Arctic basins sometimes exhibits
an annual peak during winter and spring. A one-dimensional
biological pump cannot account for this seasonality because the
polar night and sea ice cover prevent phytoplankton
photosynthesis in high-latitude regions. Instead, it has been
suggested that resuspension and cross-shelf transport of seafloor
sediment including organic material could be induced both by
winter mixing/convection on shallow shelves and by mesoscale
shelf-break eddies. We conducted the first modeling attempt to
quantify the resuspension and subsequent transport of lithogenic
material (LM) in the western Arctic under a realistic framework.

Massive river water inflow into the Arctic Ocean is important
for the stratified structure and ocean acidification as primary
freshwater source. It is also considered that riverine heat and
nutrient inflow also influences the Arctic sea ice and marine
ecosystem [1]. We evaluated impacts of riverine freshwater and
biogeochemical inflows on ocean acidification.

Ice algae are a key component of Arctic marine ecosystem, for
example, as foods for zooplankton and benthos species in early
spring. In addition, the activity of ice algae is important for
biological pump. Widespread depositions of ice-algal biomass
were detected in the deep Arctic basins. Generally, sea ice decline
plays both positive and negative roles in ice algal biomass and
productivity. For example, sea ice thinning enhances light
penetration into the skeletal layer at the sea ice—ocean interface.
On the other hand, reduction in net thermal ice growth restricts
nutrient availability. Retreat of sea ice margin causes shrinking of
ice algal habitat. Recently we started the Ice Algac Model
Intercomparison Project phase 2 (IAMIP2) [2].

2. Model and Experimental Design

The detailed model description and experimental design were
presented in our previous publications [3, 4]. The brief
summaries are described below. The pan-Arctic regional
modeling framework has two versions with their grid size of 25
km (28 layers) and 5 km (42 layers). Both of those models cover
the entire Arctic Ocean and the northern North Atlantic.
Atmospheric forcing was obtained from the National Centers for
Environmental Prediction—Climate Forecast System Reanalysis
(NCEP-CFSR) dataset and Japanese 55-year atmospheric
reanalysis for driving ocean—sea ice models (JRAS55-do),
respectively (Table 1). Water properties at the Bering Strait were
prescribed to idealized seasonal cycles. In the 5-km grid version,
LM transport was also calculated with its sinking speed of 0—5 m
day™'. For the study on ocean acidification using the 25-km grid
version, riverine biogeochemical inflow was constructed from
freshwater flux provided by the Arctic Ocean Model
Intercomparison  Project (AOMIP) and biogeochemical
concentration of Arctic Great Rivers Observatory (Arctic GRO).
For future projection of ice algal productivity, the model was
integrated until 2100 under several global warming scenarios.

Lateral Boundary Condition
Nitrate / Silicate TA/DIC

Atmospheric

Experiment Period Eoceing s
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Table 1: Experiment period and boundary conditions.

EC: EC-Earth3 / CM: CMCC-ESM2 / MIROC: MIROC-ES2L

Yellow numbers correspond to Chapters in this report.
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3. Transport Processes of Seafloor Sediment

The processes of seafloor sediment transport from the Chukchi
shelf'to the western Arctic basin were investigated with sediment-
trap measurements at four mooring stations: North of Barrow
Canyon, North of Hanna Canyon, Northwind Abyssal Plain, and
Chukchi Abyssal Plain [5]. The available sediment-trap data
verified that the sinking flux of LM originally resuspended from
the seafloor for 20102020 was simulated reasonably well in the
four mooring areas. The model results were analyzed to quantify
the spatiotemporal variability of LM and to reveal its background
mechanisms. Analysis indicated that the Barrow Canyon
throughflow, Chukchi Slope Current (CSC), and mesoscale
eddies played important roles in LM redistribution. The CSC
controlled the westward transport of LM from the mouth of
Barrow Canyon to the Chukchi Borderland. The mesoscale
eddies generated north of Barrow Canyon efficiently transported
shelf-origin LM toward the southern Canada Basin. The sinking
flux of particulate organic carbon (POC) averaged from
September 2010 to August 2020, which was estimated
statistically from the simulated LM flux, was 0.13-0.30 gC m™
yr! at 200-m depth in the southern Canada Basin. This finding
reveals that lateral transport of sediment from the Chukchi shelf
bottom has a considerable effect on the sinking flux of POC in
the western Arctic basin, and suggests that the western Arctic
marine biogeochemical cycle is strongly influenced by shelf—
basin exchange that depends on the relative strength of the CSC
and mesoscale eddy activity.

4. Riverine Impacts on Ocean Acidification

Effects of the riverine biogeochemical fluxes (R-BGC; carbon
and nutrients) on carbonate variables and ocean acidification
(OA) in the Arctic were evaluated. R-BGC effects on seawater
carbonate system were found in the surface water and were larger
in the coastal regions and along the Transpolar Drift Stream. R-
BGC caused positive anomalies in aragonite saturation state (£2)
and pH relative to those in an experiment with riverine discharge
of only freshwater. In the central part of the Arctic Ocean, the
positive anomalies in Q and pH were caused mostly by riverine
carbon delivery. In the coastal regions, riverine nutrient delivery
accounted for approximately 20% of the positive anomalies in Q
and pH owing to the enhanced primary production and
corresponding reduction in seawater pCOz. During 1989-2018,
decreasing trends in Q and pH appeared in most regions of the
Arctic Ocean in the cases both with and without R-BGC, and Q
had an increasing trend in the Kara Sea and a part of the Laptev
Sea. Increased riverine freshwater content promoted OA in most
parts of the Arctic Ocean by dilution effect; Conversely,
according to the addition of riverine carbon fluxes, the decrease
trend in Q and pH was mitigated to some extent at the same time
in these regions, including the Canada Basin, a part of the
Eurasian Basin, and the East Siberian Sea.

5. Future Projection of Ice Algal Productivity

TAMIP2 is built upon the experience from its previous phase
[4] and expands its scope to global coverage (both Arctic and
Antarctic) and centennial timescales (spanning the mid-20th
century to the end of the 21st century). Participating regional and
global models are driven by the same initial conditions and
atmospheric forcing datasets. Both historical and future
experiments using our model show continuous decline trends in
primary productivity of sea ice algae (ice-PP) over most regions
of the Arctic Ocean. The simulated fastest decline appears north
of the Canadian Archipelago for 1968-2014 and on the Siberian
shelves for 2015-2100. Sea ice thinning enhances light intensity
in the skeletal layer, which initially provides preferable condition
of ice-PP. But, strong light inhibition adopted in the present
experiment reduces ice-PP in the 21th century. Accumulation of
sea ice meltwater dilutes nutrients in the ocean surface layer, so
nutrient limitation for ice-PP becomes stronger. Those relative

contributions will be estimated at the next stage.
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