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Fig. 1 Bathymetry in the Ross Sea with locations of in situ measurements from five cruises
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Transects a and b from cruises of NBP1310 and NBP1201 are marked with green and red lines, respectively. Grey contours denote the 500, 1 000, 3 000, and
4 000 m isobaths. VL: Victoria Land, CI: Coulman Island, AIT: Aviator ice tongue, TNB: Terra Nova Bay, DT: Drygalski Trough, MB: Mawson Bank, JT: Joides
Trough, PB: Pennnell Bank, RI: Ross Island, IB: Iselin Bank, GCT: Glomar Challenger Trough, HaB: Hayes Bank, HoB: Houtz Bank, CC: Cape Colbeck
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e 1. ROMS-BEC 5 X B H AT 29 5 km Y (= 73 #¢
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Table 1 Ecological modelling applications covering the Ross Sea
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Phyto, 3 Zoo, 3FIHJE, B2yt FRIFE MR
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642 Zoo, 2F0 8 (2.0MUA I ADIC, TA, DOFI
ROMS-BEC =4Ik, AP HER(1/4)°, T 4FhEFR4h (QFIN, 17PSI, 17P), DFe, 57 AREEIEIBRIBFR I TTAR, LA TAT  SCHk[16, 47]
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Table 2 Dataset used for ROSE configuration
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(1/4)°x(1/4)°, BNt

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5

Bedmap2 ety et 1 km https://www.bas.ac.uk/project/bedmap-2/#data
YU R ERRE vk S . (1/12)°x(1/12)°,
HYCOM MEPEIRLEE, ERBE, WK, YT R B AR 42 EH https://www.hycom.org/
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[ — o o e > https://data.marine.copernicus.eu/product/GLOBAL
- EFRER, VSRR A B 1/4)°x(1/4)°, 75)2, % H -

Glo-BGC (1A>(14) = MULTIYEAR BGC 001 029/description
GLODAP T TCHLER A G 1°x1°,33)2, B H https:/glodap.info/

TPXO9 SASGR A (1/30)°x(1/30)° https://www.tpxo.net/tpxo-products-and-registration
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85 T 10 35 T MR A 2 [ 3 15.20%, VK 18] 18 108 161 4 22 N
—0.23%. HIZFM T X P S HORINH BB
S50 (7 AR 25 15.43%, 1 25 -0.69%) A Lb i 36 A
B CI&T 2b), 2 BH oK — Tt 46 52, 28 250 ] B 0k g ik % Hi it
R UK TR = AT . 3 S B IRB(E W
73, W UKBLAL S5 R 1 TR AN PPA 0L 3.2 715
222 AESH

ROSE A= S 7 24 STl A8 &, 1 TR W
TR 7 ) Kok 5 F2 208 FR o0 R WA Wy s Bk Ak
¥R, ¥l 3 B8 T ROSE A SRR HE & . LAk
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15 10
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-15
2 3 4 5
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WA W AR AR T, T S AR PR ZH RISPEM 4 X
B 8 B i E (35 3), o2 B R PISCESv2
B Yy BRI
3 BEPEA
31 WA ERANEES

A SCAE T R K AR 2 4l 3 ( Southern Ocean
State Estimate, SOSE) 1l 55 1k 1 3% ¥ & 5 g 0K 53 #r
( Operational Sea Surface Temperature and Ice Analysis,
OSTIA) 42 L1) 20102020 4% H 1) SIC %4, % ROSE
RRAEL 4 1 I R HE AT PP AG o SOSE iy 5 5 A= i ¥ 4
A&, 30 3 W] Ak R VR WL AR B I R DL Al AR 4145 B
H 332 4 22 i 8] RUBE B9 8580, 7K1 23 B (1/6)°, 3
) A 42 217, OSTIA J& 3 T BRI 4 12
2H AU 7 5 1 vk 13 2 W )i ( The Ocean and Sea Ice
Satellite Application Facility, OSISAF) A i 4 ¥iF vK % 4
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(b)rn_pstar F rn_crhg #F 472 BU(E I3 (1) U SE 50
Fig.2 Sensitive experiments with varying (a) r_cio, (b) r_pstar and rn_crhg at an interval of 20% of their default values
(rm_cio =5 x 107, r_pstar =2 x 10* N/m?, rn_crhg = 20) used in LIM3
e (a) 1, £0 6055 I €055 43 01 2 7 Ml 22 A4 J AR R 225 76 (b) oy, B 68 2505 R P 31 €8 3R i 22, 1 60 B - R R B i 22

Red and blue bars in (a); black numbers (and color shading spots) and blue numbers in (b) indicate the bias and RMSE, respectively



GRERE TR

&3 ROSE BKERMETERSHY (P: BRIFEEN
D: ¥, Z: NEUFHEHMI M. FELZHEY )

Table 3 Key parameters for sea ice and planktonic organisms

and their values in ROSE (P: Phaeocystis antarctica, D: Diatoms,

Z: microzooplankton, M: mesozooplankton)

7 b, AR AL BR A H O UK 2 A, K F 4
PERN (1/20)°1°°), ROSE LI 7% 43 W ff F TPXO
W RN EAT VAL . TPXO K58 5L T — 4k 1F AR
Jr R, dE )T SCRCTE I EAT S0 A ) Ak, IR
N IATEAE LS o AR A [ A R A S TR

SR sy SRR S s
il i il ) =5 %05 (T/P. Topex Tandem. ERS. GFO) A1 52 il &
VKA W B0
m_cio  3x107 / AR R 433 a i BEVFAS 1] 2010-2020 4F-HEE K (3
m pstar 1.2 x 10* N/m? VKL R B f& 25 1k 18 i ( The Ocean Colour Climate Change Initiat-
merhg 12 / VKR REW B ive, OC-CCI) 3% H Chl a ¥k £ ¥4t . OC-CCI J& % T
P.D Hr 43 2R A% G 3 {1 MERIS ( Medium spectral Resolu-
B 20,12 & 0CH K% tion Imaging Spectrometer sensor) . 6 i % 10 37 1% B 5
o A SeaWiFS( Sea-viewing Wide-Field-of-view Sensor) ., 7K
o 12,0.6 (Wm?'d! P-IfHE o o
6, 7 43 2R A% O 1 [ MODIS-Aqua( Moderate-resol-
St 45,30 4 NiA/ ) . .
! MR B ution Imaging Spectroradiometer-Aqua sensors) F1 1] UL
K™ 10,04 nmol L™ (LAFeil) BRI/ IR 21 Ab i 1% 48 551X VIIRS( Visible and Infrared Imaging
livd 40,20 pmol-mol™ (LIFe/CH) SRBRR L Radiometer Suite ) 25 V4 1 7K £2 5038 A B 10 78 36 2 BRI
o/ 17,7 pmol-mol™ (LLFe/Cit) AR L Biae, HAKE0 3R R (124)°7, M TFH— T
P’ 09,09 / N S 12T, 2B AR P A T R A B 1) 41, LA B TR
Pf” 0.65,2.00 / q::ﬁg@m’;fj]%mﬁ ﬁﬁ*ﬂﬁﬁ—ﬁﬁﬁﬁﬂéﬂl Eﬂ[ﬂ]’ Ik[ JH:%&JLYEFH
u T Chl a 1 B 25 A8 LI 55 U2 LA B A 0 b BR A 27 455 5K
G ET
gf. 1.80,0575 d’! R R Mg E
WAk, AR EE T Nathaniel B. Palmer 5 51
Py 25 / FR R ORI 0 i 1 ; L N
PR e E R ST R S AR ECR, 45
Ko 1020 wmolL (UACH) MR IR AT %f K PRISM-RS. TRACERS. phantasticOl. PIPERS il
TRER N
AU B X Qb Wk
) (NEMO3.6-LIM3) Y0,
g seaicE T [ e e,
vk ]3] i )
AR BRIBER EaKEN
(modified PISCES-v2)
IR AR .
DIC i<
Grazing
NO, P. antarctica (P) . Microzoo (Z)
N NH, i
T po, | 4K >—< i v o
Si Diatom (D) e ™M) <
it s
% BSi sFe bFe sPOC = bPOC
DOM |
L R - Uk

3 ROSE BEaA: B BHR 3 B (i H Zhang 5517; 455 & SCILIE 30)
Fig. 3 Schematic diagram of the ecology module in ROSE (Adapted from Zhang et al., 2023; full meaning

of abbreviations can be found in maintext)
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CICLOPS 525 B , WLl s o7 43 A a6l 1 ffros o ik
T A B0H T A ORI L3 4.

155 3 PF Ak SR FH 2 07 AR 12 2% (Root Mean Squared
Error, RMSE), £k P AH G 280 (r). 2T A bR
%71 Cost Function, CF) 2545 i+ 45 78 = PEAL L R 45
S5 UL B A W AR . b, CF B AT DI X
PEBE R 4> A AR H (0~ 1)” “RLEF(1~2)” “& 3
(2~3 ) Fig 22 (>3)74 2K,

3.2 ik

e VK Z= 15 78 4k J5 1, ROSE, SOSE #1 OSTIA =
H R SR — AR RRE: & G K T
5, 2 HWJLFJEvk (K 4a), SOSE ¥ i/~ H 2 g
VKA X 22, U HAE 2013 4R f A Bt (& 4b) .
ROSE 5 OSTIA ¥ oK BV b i FE W &, PEAE 2010
2020 4% H FE M 38 r = 0.97(p < 0.001), £ %
Wi, W vKIE mhs T 10 A, 12 A rkiE iR B3, U
12 A A1, ROSE F1-38 T 5 OSTIA AL 1 65 K ifii £
Fr A2 £k (& 4c), P 2 A8 ¢ & 48 0.99(p < 0.001)
SOSE 1 4F bR A5 b 5 J A B 9 A7 78 22 55, Bk & T
OSTIA T2 /3 #r 45 4 . ROSE 5 OSTIA % H 3% 4F
JP 9 (J5 3 5% 12 H) % CF fH43 5124 0.20 F10.11, &
] ROSE 75 #5548V VK e i) 2% Ak 7 1 2 6 KL 47 o

11 ¥ UK 7 w5 (SIC) 1Y 25 [H] 3 A |, OSTIA {27~ 75
12 7 2 W vk B8 (RIS) 1] Z B 3 A7 46 2 35 9 oK [E] 38, 2
R 1) PG b AE A, BD 2 8 vk 42 UK ] (RISP, & 4d).
ROSE P8 13X — W5 5 VK B 80 /9 T8 18, O ELAE 16 0K 2%
AR 23 )23 A6 b5 OSTIA & B AH L (8] 4e), — %% 23

] | 19 AH OC & FOR CF E 43 511 24 0.92(p < 0.001) FiI
0.23. SOSE X & Zx ifi K i il 77 7 W] i e A, R AEAR
U T B 5K — 5 T U SHL AR (%) K TR) WA R AE (1B 46).

FE LUFERESE Y, Dinniman 48777 & Wang 256U |
FH T A AL S 1 3 38 0 T T 98 v — T UK —
URERAE S, PR B T 9 v a5 T AR Y 245 RARE PR AR 4k,
VI B 24 i B9 R VK (E] ) . Dinniman 45 78 0F 55
B A SO 2 SR TR I ) % H I VKB 5 T
FURH 5C R Bk 1) 0,953, AWF5E o ROSE 7 i vk
BTy T P R B, 5 b A [ B i v A o 2 A Y,
XA J5 S5 R ROSE TR A B8 5% 16 vk A% 4k S H
A SN BEE T B
3.3 RERHFME

T PrUEE 5 AT OB B 1 B 23 A A,
96 5 RS [R] A0S 6 I AR UL 45 SR, SR Taylor
X§ ROSE 5% X ifit #h i 458 400 68 ) A7 PP Al (181 5), R
& ROSE L4804 5 B WA i A, 6 B2 g A Al (ER
JEE IR B WA OC R I 0.5, Forfr 4 ANk A ¢
ZHE T 0.7(p<0.001), ROSE 5 WL 19— 1k AR
HEZ K /NTF 1.5, IH—4EL ) RMSE #4238 s/ F 1. i
Ji R ER B CF {8 53 5 R 0.54 F11 0.55, iX % W] ROSE &
FRFFBL 1 % vt 55 W00 2658 Ry — 000 TR ER 2 A R AE .

HE— 25 A T 2L B 23 ) IO 14 R e v 1 %
X143k 3 A EB 4y, LR G E Wit (9 7K 1 2544 (B Se A
d). ROSE f 3 ¥ T Orsi Fl Wiederwohl X 43 i) 3=
Bk A7) 40 35 55 M 35 )2 7K ( Antarctic Surface Water,
AASW)., il )2 /K (Circumpolar Deep Water, CDW ),

# 4 ROSE Tk AEIESE
Table 4 Dataset used for ROSE evaluation

B ] TR XT 4 P33
BmaE 251
SOSE K (ERAk) 2010.1.1-2020.12.31 & H MUK http://sose.ucsd.edu/
OSTIA TE 2010.1.1-2020.12.31 & H KR https://doi.org/10.48670/moi-00168
0OC-CCI NER:: 2010.1.1-2020.12.31 & H M4k Ea https://climate.esa.int/en/projects/ocean-colour/data/
TPXO [FEy 2010.1.1-2020.12.31 & H Wy https://www.tpxo.net/tpxo-products-and-registration
{STRITRE| IRV
PRISM-RS NBP1201 2012.1.6-2012.2.5 EE . ok Ea, B https://www.bco-dmo.org/project/2155
TRACERS NBP1302 2013.2.3-2013.3.18 EE . ek Ea https://www.bco-dmo.org/project/547771
Phantastic01 NBP1310 2013.12.20-2014.1.5 B R https://dataportal.nioz.nl/doi/10.25850/nioz/7b.b.r
PIPERS NBP1704 2017.4.23-2017.5.28 R https://www.bco-dmo.org/project/815403
CICLOPS NBP1801 2017.12.30-2018.2.18 ik 4k EKa https://www.bco-dmo.org/project/774945
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Fig.4 Annual cycle of multi-year averaged (a), monthly time
series (b), and yearly variations of December sea ice area (c)
over 2010-2020 in the Ross Sea. Spatial distribution of Decem-
ber sea ice concentration based on OSTIA (d), ROSE (e) and
SOSE (f)

A5 M B8 A TR )2 7K ( modified Circumpolar Deep Water,
mCDW) | 78k [ifi 42 /K ( modified Shelf Water, MSW) ,
7 % JEE J2 7K ( Antarctic Bottom Water, AABW ) £ fifi 42
7K ( Shelf Water, SW) . % Hi i L 2 LI AASW
Sk 2, HELAT K BT R AR BE Y L (—2.3°C < (3l
JE 6 <2, 34< L S <34.30), ROSE X It 1 1 48 55
I3 (1] 5d). % Wik o )2 (R M BEAE A T 28.0~
28.27 kg/m®) 43 445 CDW Al mCDW. CDW J& g K
e N IRIE B K AT, HARX R BZ . mdh HE & E IR
Orsi il Wiederwohl” #§ i, CDW il i £ 4™ ¥ Al 12 A
KA, fE= A fE b2 5 F 59 AASW #l SW
RA, WEERA T & Z H ) mCDW. 4 mCDW
YRR, B OKEE TN 1 UK B, AR 5 UK B8R % AR 1 AR
HAER, AR R R 2 UK LU, TR B B

% B K VK 22 K (Tce Shelf Water, ISW, 0 <
~1.95°C). % Wi iKJ2 K i o % B K T 28.27 kg/m®
(97K 20 B, 2 AABW Ail SW., SW R % iE )2
K R B AR AR (0 < —1.85C), HiEh E R T
345, SW &5 FEIRKIRA, W4k MSW(6 >
—1.85°C), Bl 5 AU i 2 B 2R 30 &, Je il JA 3R B
AR, #E— 254 AABW(IE 5d)., 5 HAth 25 3 ¢
R T —UF VK vk 22485 3 (40 RAISE-v1( Ross Sea and
Amundsen Sea Ice-Sea Model) B-%11) #H ., ROSE # %,
PR e 2 UK A0 K K s 9 3R 3L 8 0 3 B, R BB TR A2 A4
F| mCDW JE B ISW IS JZ 19 15 %5 il 427K ( Dense
Shelf Water, DSW, Jt H /& #h & K T 348 19 &8 43 ),
ROSE #5460 (9 58 2 7K o il 2R 7K SR B L A8 R 42%,
B&AE T Orsi F1 Wiederwohl! £ 4 53%.

AN, AR SCEFE T NBP1310 i Y% 1 ] — 4% 5
RISP 1 fifi 42 (1) 25 1a] Wt 7 (FR M WT I @, (6] 1 hag (i 2k)
FH LAVEAL ROSE #2481 1) i 26 3 B 4549 . 45 SR R W,
ROSE -3 1 5 XL 45 SR AH Bl Ay 383 6 = Fr 4544 (1&] Se
AE)o ASTLLRTL I (1% 2 A Do T 2 20 B I 1 3 K2,
FE G 55 1 il B8 DX A AR SR B RS . p BT R DK )
W X 3% (OSTIA &5 5+ 12 A SIC /T 25% Y X 3% i1
bR v TGS, TR B TR O A AR T AR, AR
2T VK IA] I P9 AR 09 e AR Bl SR K ZE L. AE 77°8 LU
b, ik A A A B T O A 4, MR YRR AE R
200~ 400 m ¥ B A7 AE R K, X 7] BE 2 mCDW A {2
Rl ZE (55, 72 3L b5 WA W 2 ¥ 7K J2 . ROSE F#
T X — AR . (AR X SRR Z , B £ B i
K%y 0.3, LLHTHF5E R Wi XA mCDW 97K P12 A
TR Y, B X — {22 AT BB JR T ROSE X h
JZ mCDW # B ({5 Al (&1 sd) . R sk, W 5
ROSE #5450 17 A1) 32 8 Rk 5, A1 56 R 80430 0 0.84
A1 0.70( p < 0.001), RMSE 43 5l & 0.58°C #1 0.15, CF
{EL 5390k 0.47 F10.72, 3X 3% B ROSE %4 Hi i 42 17 M
VK HR T 2 31 K i 42 100 95 2R 45 40 25 18] 43 A, R AFF 5% 7K A
Vi) P AF AR R B O A 75 R GE s 4RI T ) S
3.4 EHIIRGE

AR S B A =B o (4 H K Rk H
1 M,), W R 45 R 5 TPXO W 3% %R BEAT T 4 4y
Br( 6). 3T K, 43, TPXO B W7 HAR 08 78 il
BRI AT X (1B B3 ) A X 5K, 1) e &8 K 2 T 2% 04 T
U6k 55 ; ROSE A5 481 25 S B 78 41 ] e L DX 35 A7 A — 2 Wt
(B i 25 , AR 4R T 2t 2 B HL R R 23 [R] 43 A 55 TPXO ik
A —F . X F M, 0, KR A& /NF K, TPXO
5 R0 EE R R I B Wil 7R g 1R DX ) PG GV X PR
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Fig. 5 Taylor diagrams of temperature (a) and salinity (b) between cruise measurements and corresponding model results. Potential tem-

perature-salinity scatter plot based on cruise measurements (c) and corresponding ROSE simulations (d) within water column shallower
than 2 000 m in the Ross Sea. Vertical distribution of temperature (e) and salinity (f) along the transect a
A5 (a) R () o, 216 SCAR T 1 4 BE FER BE A9 22 MRl o (ce—d) TP B 3R /R K B, R LS 2k S v P 4 2 28.00 11 28.27 kg/m’, 1 542
L iEK UK o (e—f) T SEEE 9 ROSE SIS AL, BT NBP1310 i U WL K04, 216 i LR HE X Il 2713 OSTIA S 9 12 A vk 8 (g vk
WA SIC <25%)

Biases for model simulated temperature and salinity are respectively shown in red in (a) and (b). In (c—d), color shading of scatters represents the water depth.
Solid black curves show the neutral density of 28.00 and 28.27 kg/m”®. The dashed blue line indicates the freezing point of seawater. In (ef), color shading rep-
resents the ROSE simulation. Scatters denote the observations from the NBP1310 cruise. The red dashed lines highlight the OSTIA-reconstructed polynya in
December SIC <25%)
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Black contours denote the phase lag (°), gray contours denote the depth (m), and the color shading indicates amplitude
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Fig. 7 Multi-year mean flow field averaged in the whole water
column over 2010-2020
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Outflow is indicated in red and inflow in blue over the shelf. Color shad-

ing and arrow respectively indicate the speed magnitude and flow direc-
tion. Gray contours denote the 1 000 m and 3 000 m isobaths. Bold black
contour denotes the 500 m isobath. Full meaning of abbreviations can be

found in Fig.1 caption
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B Wi WA Ry S — 1> 52 22715 1 DFe BR i 45 1)
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Development and evaluation of a regional high-resolution coupled ocean-sea
ice-ecosystem model for the Ross Sea, Antarctica

Zhu Longxing', Luo Xiaofan', Zhao Wei', Zhang Yongli', Wei Hao"?

(1. Tianjin Key Laboratory for Marine Environmental Research and Service, School of Marine Science and Technology, Tianjin University,
Tianjin 300072, China; 2. Laoshan Laboratory, Qingdao 266000, China)

Abstract: Developing plans for marine protected areas and predicting future changes in marine ecosystems require
improved understanding of the response of marine lower trophic levels to environmental changes. For this purpose,
numerical models are useful tools while they require continual improvement because of the inclusion of multiple
parameters. This study focuses on development and evaluation of a high-resolution three-dimensional coupled
ocean, sea-ice and ecosystem model for the Ross Sea (abbr. ROSE). Based on learnings from reviewing the previ-
ously developed marine ecosystem models covering the Ross Sea, ROSE is developed using version 3.6 of the Nuc-
leus for European Modeling of the Ocean, version 3 of the Louvain-la-Neuve Sea Ice Model, and the Pelagic Inter-
actions Scheme for Carbon and Ecosystem Study (volume 2). A series tuning of the parameters related to ice dynam-
ics has been carried out. The results suggest that tuning the ice-ocean drag coefficient leads to improved simulation
of the coastal polynya, which is a distinct feature in the Ross Sea. A decade-long hindcast simulation, covering
2010-2020, is achieved. The simulated space-time variations of sea ice, ocean hydrography, dissolved iron and
Chl a mass concentrations are evaluated against available observations and previously published results. The evalu-
ation results suggest that ROSE possesses reasonable skills in reproducing the known features of the above state
variables and thus can be further applied to study the mechanism driving recent environmental changes and the re-

sponse of lower trophic levels in the Ross Sea ecosystem.

Key words: coupled ocean-sea ice-ecosystem model; model evaluation; Ross Sea; Antarctica
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