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BWE. R ABEFHK S ¥ FZ RN AT X ( Multidisciplinary drifting Observatory for the Study of Arctic
Climate, MOSAIC ) T 20194 10 A £ 2020 F 9 A FF &, ME KB T EE T BN KA ¥ BKEE
BERAERENRN, HEAEXNGRKERET FOHEN ., RFRAMFAD T ERLN & (2019 F 11
H1HZE2020F5H7H.2020556 A26H0 %7 A27H ) WAAMiEFEEY, B — 4k KEHL
A ICEPACK, # #l 7 MOSAIC # Mgk EE W F N E L, FlEKEE WM T X, F D07
WKEEENEZWNER, 225V, E4AAF T EXTUBANBAEEH KR, Bd THEXE
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e 1A VKT 1 JBE 1B 19802018 4[]8/ T 24 1.75 m.,
Hrfr, 2003-2008 4= 1) ICESat(Ice, Cloud, and land Elev-
ation Satellite) . 5% 3¢ B 1 UK L FE PR T B, 2= T F%
K 0.10 m/a, BKZEN 0.20 m/a, 1 2011-2018 4F- )
CryoSat-2 ic 5% & W] T B Rl 27, 4 24 0.02 m/a,
FKZ=4 0.04 m/al,

HY T WL I B AN I, B AR AL F 9 AL AR T DK
M —ANEEFBR. H 40 Z 407 Hibler 42 25 —A>
-3 Iy ok LUk, ARk &k e
B AT LA Gy i ASE 400 AL A e K A SR AR 2SR K AR b
a2 SR, 3 DR ASE AT A7 7 — 23 3k 7 11
(5] R, QAR Ay b A i oK A s 2D i 5, DL SO AR 2 2
(% AR T VKR SR AR A 3 BRI A AR R 2 509
55 75 A A 155 5 b 388 71 4] (the sixth phase of Coupled
Model Intercomparison Project, CMIP6) 18 & T 4 fij 5
LRSI, X CMIP6 15 21 VK B BE A VP
R, R 2 B AT LU b i 3032 b UKV T UK it
A 5 [F] 1k & 4t (Pan-Arctic Ice Ocean Modeling and
Assimilation System, PIOMAS) "3 F-43 11 14 AL # if vk /B
BEASAREA AR AL | AR BRAS AL RN L e e, (HAR SR A
1E W] AR 22 5, HLOR 22800 A Ak AU A% 15 0K R
FEUe X e [E CMIP6 #523X B IF At 3R W], 3k oA =3t
i AP A7 g KRR BE U7 ER T b AR T vk B A 08 ) A
H 1 X5 0 UK A 56 1 A5 R0 ) BRI A 3 AR S 08 1
o PR, B R SR T UL 4R A Y 2
SRR X g T BORE AR 1Y) 1 DK R FE LI 2
() FF7E 25 7 10— E 22 IR 5 10 9% B Bl 7 5 By [
H L0 B W e i) R RUEE #3727 1 UK B =X CICE
(Community Ice CodE )" & M Bk R G v vz i
B oK oy R0 25 CMIP6 [ AR £ H Bk R Ge i =\
PEFE T CICE FE o vk 43 s B0, SR, G 24
LA A A H e X5 2 1 52 A ] i o 201
1 PR AERE S ICEPACK ™ /& CICE 1Y — 4k 4 31 1k,
HA AT B R VBRI BE ) o ICEPACK B £ 8L
FH T B B v Lty B 3 9 7 AR BE BRI bR D K
il 7t J52 R 8 ) A AL O3 R = R 8 PR B O T oK T
T UK JEE FE AU R 5 . AR bE RORUBE (1) — 4 ¥ DA
X, ICEPACK 7E 5 Hp i S0 37 W0 0 % L B, T DA 3 fie b
A5, VE Ji 1] 850, % ICEPACK FY ekt F o A LA #fi 1 %)
CICE 45 4 g ki

U3 &/ TR0 I R N e | VW (7 s | & (53 A PN
WU KRR A B O H S E, U XY 3 37 WL
A H i, U KR B9 UL H Bk =, R 2 80k VKR
1% 3 37 UL 5 A AR B ) N S R, A

PEFTLIARBGESE B 55w U, 5 X i vk R
JEE Y AT 32 B vk RV Rl DL RO K A T
RS, B A e, W — B B A KR
VR LY UKAR A ORI R T sk A 2 2 B A L
RIS o 2019-2020 4FEJUA AR BT 2 2= FBHE R
I 3 %) ( Multidisciplinary drifting Observatory for the
Study of Arctic Climate, MOSAIC) X} K /<, 129, I pk 27,
TR SRR T A R — B . S Hoh
4 A B ) B I T AR, 3845 K] T MOSAIC W
T30 45 21 (%) % kb 8 20 X I AR VA UK F AL B (A
PUAF5E

MOSAIC i [H], A5 2 58 4 1 vk 1 KL LS Fifg
VI TS JEE SO 3000 Ay T RS % ek 4R 1S T R A B AL
%% 18 51 MOSAIC XL i ¥ VK 52 B8 A 4 1k, A A 95 i
FH MOSAIC KA 7 A5 15 08 I >k 8K 3 ICEPACK #5¢
2, B AP 8 PKORE B 5 L AT 6T Ee, IR 2 o bt
BREMER . 7R 279, A0 4 T i fd A1 Y MOSAIC
Hd . ICEPACK Mg vRAR = A R BUE IR . 55310
TEANHE AR T H MOSAIC WL 3K 3 (1) ICEPACK #2045
UL 4 A 251 I 2R DK R B T AR I 0, DA R AR AU
WERZWIAHT. B4R GRS,

2 BREIk

2.1 MOSAIC #1E

MOSAIC W 534 5 4~BrBe (Legl-5, 2019 4F 10 J
4 H % 2020 4F 9 J1 20 H )P 55 1 B Be g s 1 ek ko
I b em B bR R R R A LA Hs UL X
(Central Observatory 1, CO1), [A] B A3 & 4 ] 7 A B 51)
Ay A 25U ) ( Distributed Network, DN)., DN Hi #F 2
76 R WL X JE PR B 3~ 40 km 4b B9 H 31 R SR 4L .
BALE 100 24/ 8 AR LA 3 AN KA FF UK U 5t
KR 2 MY B MR 250 3 B BeAE CO1 AT o A
BTE 2020 4F 5 H 16 H 45 R — B4 B2 (Drift
D) IFBITFIEVK . 2020 4F 6 H #2713 1 5K 7
UK, RS — BrE AR (Drift 2). BEEE 4 ES
B O I X CO2 — 2 RS, T F I 1 A ok
2020 4F 7 H 31 HESSR T4 = BB ANER . 26 S e,
2020 4F 8 H “t B eI S BHE A T CO3 Fil DN2,
Ja B T8 = BLE AR (Drift 3). Drift 3 F 2020 4
9 H 20 HZ5H, “We 2 5 IF IR IR M. ARBFFEEH Col
FTCO2 WL fY KK 7E iy ICEPACK 5 i) R <
SHE, A ] DN LI R 201901 35 A5 W8I0 A A A X
()T R 3, R DNOULIN I o 2019T66 V7 b 14 1 vk
FVBLE WL I R s S A0t e, BT 1R OR T AR SR BT
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Fig. 1 Drift trajectories of MOSAIC atmospheric, oceanic and

sea ice observation stations used in this research
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Arrows denotes the starting points of winter-spring simulation and sum-
mer simulation in this study. Background color shows the

bottomtopography
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BF, S A 25 K 22 B B0, I X i I 4 /0N B AT 2 A
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Eﬁnﬁiiﬂ: AR 330 5 RPN BT R KA S . A iRia Y
SR T T UK, WSRO, RZ RS HE—
iﬂz, A R AR SR TR A RS R O R
TR SRR EZI . K2 R T8/ E 10 m
WU, R IR N AT RIS S Al B A R T
Rk . MOSAIC 3 [R] WL X 32 A5 1 4. 2 15 78 Ak, i
KNGHEA 10~ 14 m/s, LHFFWRRERIR, FRE
R, AZFRARHEER T 20°C T, 4 J P IG 1SR,
B SR FFAE 0°C BT . Rinke 5557 % MOSA-
1C 1 1] R ASOUL I 55 B Hh 499 K < F 4 H oL (European
Center for Medium Weather Forecasting, ECMWF) %6 fi.
R KA 1 53 B % &L ( ECMWF Reanalysis version 5,
ERAS) HEAT T HLAK, 4R R W] MOSAIC 1 [A] & 47 2= 1
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Fig.2 Atmospheric forcing data provided by MOSAIC (Octo-
ber 11, 2019 to October 31, 2020)
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Fig.3 Oceanic forcing data provided by MOSAiC
(November 1, 2019 to August 5, 2020)
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SR, A3 E) 4 H — YR 10 m R HEE AL K IR | K L
JE, $EAELS ICEPACK 55 204 Wi 1 301

MOSAIC i F vk 5 [ i - 5 7% b7 B 51 ( Snow and
Ice Mass Balance Array, SIMBA) ¥ 347 F1 55 J& B i
VRS E A . RS ULIN 48 28 B KON 5.12 m, B R
0.02 m A7 B — > PR BH, S I H 2 555 30 3 R X A
A IR A I 5 T AR S A e, L L ) I R AR A
Xf SIMBA Vb i 0 5 5 5 20 47 Ak B AT DA 3] =5 TR RN
VKJE . HHET, SIMBA VEbR C 220 32 1 Hh i v oK
JELRE I 0, ACHIF S B B R R A BRI 2019T66
R UL Sl o FRUS R R RV KRS B A U s i)
¥4 2019 4F 10 H 10 H 3] 2020 4F 8 H 1 H, i [A] 43
PRI R 1 d, MRS B4R 0.02 me AR 5E R A
SIMBA 77 Wi 1 %5 4% 5 1 MOSAIC 18] 32 H ()16 vk
2 T Al AL RSB Ak

MOSAIC HilH], ¢ CO2 XM 5 147 T 5 2= il Ak
Rl Yt T R PR3 W (M6 H R A E 7 AR A)) e,
£ b % BN T A GPS il SR AN A B E IR
R 2k Magnaprobe. Z A% TE R 45 16 vK - A0 I 0K B2
1 em, CO2 il #%AR R — N K 24 3 km 935 B 4
S H I [ B 1 ~2 25 (29 1~3 m) RAE—AS
S USE R I v SRR 20 1500 4.
M6 H 29 HEI7H 26 H, &M & 4%, Lkt T
18 YK 5E 4 B I 4, i 6K it L B2 A b B AE A 3% B BHLAS
T 7H 16H .23 H.,24H 127 H MY 5E 8 &7,
Niehaus 45 fifi ] Sentinel-2 T0 & 2 7 T~ MOSAIC # [ii]
)l ol 7 55 SR80 AR AF 5 fiff ] Niehaus 55 527 19 il it
755 B WL I Fl v R B2 AR A ICEPACK 5 (2
AL 1 Rl b ) s A5 1 o R R IR BT A SR A A il it R
JFE AT 345 30 2 R A floh R

MOSAIC H[a], £ CO1 H1 CO2 WL 5 () —4F vk vk
ENETEOS (MCS-FYD #E47 T 23 YA, W & 1 1 VKR
JE L WEKUREE | R | TRLEE R O, R UIBUEf 25
= Kovacs Enterprise ] 9 cm(Mark I1) 8§ 7.25 em( Mark
11D P9 48 (4 KO0l s $ KRS o fFH Testo720
TFAERS AL LA S om 1 3 B 40 BRI B vk . (8
YSI 30 H SR AEBE 5 em WYUK YT A 7E AL R
B AARER B L 1B K 2 — FR R B — IR, A 55 48
55 5 BT R I A R 19 6 F 22 H 4 (1 0k
e R AR B 2R AR Ry 2L 1)V VKR R R 16 A
2.2 ICEPACK #3{

ICEPACK +2& CICE ) — 4k HotR 78 X, Hed 1) #4
J1% 3t #25 CICE " 58 42— 3, ICEPACK % T ifg vk
JEFBE 3 A1 R VB, BT LK S BOK T UKL R UK SRS

[Fi) JE2 R 24 AR K 1 T R 87 A ) B s B
Bl ICEPACK i it 71758 R <~k vk ity 52 At P — 16
VK3 5 )2 R IR S, R TE R UK B IR BE , O DA
UK ELEESE K alimt b . BeAh, B35 ] LU vk - ok
Ny, EEZMER T AT L ki e, Wk al DLk
W HIALFS, {H ICEPACK A 7% i%3d 2. ICEPACK
A 3 M EFER ) 05 56 BRI )77 (0-Layer) #
B35 vk P9 8 5 35 1A 5 € /Y Bitz-Lipscomb #4727 (18]
PR BL99 J7 58 ) B2 1 K P i 2 F51) TE i Fof 1) 35 25 (9 480 IR
JZ # 22 (Mushy Layer, & #X Mushy 77 %2 ) @, H A1,
TR T2 ok Tk, Bt 9 . BL99
T 5 ¥ ¥ UK VR FRAH ) BT, HLHE DK b AL 1 R e K
W, FEAEE WA ER K o BT 38 v b 20T 2% X 2 i 7K
AT 22300 . BLI9 T B 5| AL BB IE L 7
F RO LA R S HA KN 5K B9 AT 24300, IR
T WL E A i T UK N ER FE Rk . Mushy Jr 52K 1
VKT AR S VKR 1 7K 2 B A TR 5 AR P B, FH 1 7K
AH E AR B3k R K K AR VK r AR FR LA . Mushy
7485 BL99 5 R EE AR Z AR TE TR 1 KAE A
S pKRE 5 b KRS Z N, TR IR BE T O B B T ok A
VKA 141 7K 30 B RO AL 20T, IR — A oK 3R 2 4
FfE. BL99 & Mushy F REUE&E T 2D 14F
JERMEZAUK)Z, BN E RN 1 ADATZ T A 0K)E .

ICEPACK a1 T 3 Ml ith 2 Kb 75 %8 : CESM
( Community Earth System Model) 5 %*, TOPO( Topo-
graphy) 77 2 ¥ fl LVL( Level Ice) 77 &*', CESM J7
LRI R ST 58, gl i T8 R AR b
55 Rt A b Rt TR B2 5 Rl 7 55 R 2 L) A O,
AN 32 UK TH MY A A R 3R Y 52 . CESML 7 £33
HE S AR, SRS AR R 10T 5 T 1Yl v A L AR
HEAT 43 BE . TOPO Ty 8 I FH v vk J5 J32 S ff S K T by
B, B KT HOE S B Rl o 32 8 VR FHS2 e, il
TR S 55 B IR KT, AR5 A 5 AR A vk fT, B
RO, R Bl R R . LVL F R LA T CESM %
F1 TOPO J7 58 1 VAR, 11530 10 B 3G ml K AR FRUS e iR
— TR TE IR L 5l % 1) el 28 R
BRI SUE Z ) Sy FC R KRR . I B o Rl 2
REAATE T B UK b, — BB K AR I S ok, H 1
AR K AR 2 I AR o 38 e SRR Y O OB VK TE
Hb B XoF il b £ 52 e g8 AR, I AR, TOPO 5 48 A
LVL J5 Z& v, Y940 55 U KA FL B 485 4 JIr 5 350 il vl 7K
B U IR B b e R, DL Rt vk 5 R . ARSI
B 1A [A B 2 05 58 e Rl 7 58 W 2H 6 O 3 B 3k
5 58 %) M UK R B (R REALOR, |
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23 #EXIKWE T

ASAIFGE 165 VK5 B 56 6 FH ICEPACK #E4 7
SR, BRI K R T he % B 3] MOSAIC K
IRV R AR 5—6 H AFAE A I () Bl | 3 A v DR
FERWLIN 2] 8 A %1, A58 F Fl MOSAIC W i) K<
NG PEsR A Y, 43 MIEAT T W0 BEE Rl BB, 5 1 B
P DL B] 8 B 2019 4F 11 H 1 H & 202045 H 7 H,
55 2 BE OB LR ] BE BE 20204F 6 H 26 H E 7 H
27 H o 3X WA BB IE 4 43 i) Ab 7E 5 — B Ui ( Drift
1) FIEE — B (Drift 2) B[R], T L4y AR R A& 5 5
R R KR AR AL . R SCHRR O & R AR

PR R AEATRZE, (PR 25 7 2 it
FIREAL(BL99 Al Mushy). Fi T il th 7 I A S04
TN 35 R, X — B B AN Rl ity %6
7€ S TOPO J5 % . 6 E 2, th T illith () 77 76, 540
B 25 B8 T AN TR ) Tt S 0tk D R RS e . ol P R
)24 97 %8 (BL99 F1 Mushy) 43 5148 Bt 3 Fh filt it 2 %%
{77 % (CESM., TOPO Fl LVL) #EA7 401, 5= v i
VKIS BT R Bl 78 55K . mib iR . R
VK PR 30 RN AR BB B 2 11 ) s A% AV A TS AU i s
AN o e A2 S 40 fdi H] ICEPACK 19 BN A
. BB ESWE 1.

®1 ICEPACK BN XK IZE
Table 1 Configuration of ICEPACK model experiments

R4 AL ) 15 ] WHFEFR AR WIRNEm WREREm WIREBE SR %  WREIHIREE /m
KB 2019-11-01F2020-05-07 BL99 TOPO 0.44 0.12 0 0.0
Mushy TOPO 0.44 0.12 0 0.0
R E) 2020-06-26%22020-07-27 BL99 CESM 1.60 0.06 10 0.1
TOPO 1.60 0.06 10 0.1
LVL 1.60 0.06 10 0.1
Mushy CESM 1.60 0.06 10 0.1
TOPO 1.60 0.06 10 0.1
LVL 1.60 0.06 10 0.1

3 4iR51He

3.1 ZEFTHEM
3.1 Mg UKIE B R FLAR AR AL

MOSAIC 1 5 — B S i ( Drift 1) A 2019 4F 10 H
4 HIFUh, 20204 5 H 16 H 450 . A BF 5% i
ICEPACK 2019 4511 H 1 HE2020 45 A7 H
MOSAIC WL 3 83 7E 4 35 2215 B KB ARG O o [

2.0
gl —BL9

1.6

'?IE A 1A 28 34 4A A
4 2019411 J 1 HZE 2020 45 1 7 HlgvKIE &
B4 5 MOSAIC ¥ b5 WL * 1
Fig. 4 Comparison of simulated sea ice thickness and MOSA-
iC buoy observations from November 1, 2019 to May 7, 2020

4 %} [t T ICEPACK #5% il Al MOSAIC W i ) ¥ vk J&
Ji o ICEPACK I DABEADL MY A 35 2715 15 UK 5 B 38 7 38
Kyt s, MR EBEAAAERZE . BLY FZEBIH
T DK 38 K AL I B A #2230, T Mushy J7 28 £ 2019 48
11 A%, 2020 42 H R4, 3 Advaifing A A S50z
[ AFPERER 22 5 o REAUZE A, BL99 7 28 L WLl i
{8 0.025 m, 1l Mushy J5 £ LG OUL I s J2£ 0.098 m. &4~
R UL B, BLO9 Jr S8 A5 480 (1) 13 VK R 15 5 L) =2 ] 4
¥ iR 22 4 0.018 m, 1fif Mushy J7 & 455 400 14 ¥ vk J5
JE SN Z A4 AR 254 0.062 m, =5 T BL99 5.

ICEPACK #5% 5 Hp 32 2500 0K RS 152 0 /0 11 Ji [R5 T
e | TUHS Rl A VS S R A s 5 SO KR BE B i i P
A e | TR R K R 25 A BT AR DK R TR 7K A )
PREE M UKL Ak . i T ¥ 98 Mushy J7 £ 7E 2019 48
11 %), 20204F 2 H FA). 3 HFa)F1 4 H R AR K
JEE 38 265 O s R 1 D PR, AR E 9 B T A BRI
FHAE . TSRl AL . SR EL AL . BEAE L B A KL IR
A 0] VR 235 F1 35 —K 5 b 3 10 %) T DK S B A8 Ak (18] 5a,
b)o PN AR T 2% J7 ZE B 900 vkl /D 2R T
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Fig. 5 Simulatedand observed cumulative sea ice thickness growth(a, b), simulated daily changes in sea ice thickness (c, d) and

snow converted ice thickness (e, f) from November 1, 2019 to May 7, 2020

a, ¢, e. i il BL99 #4 J12% % b, d, £. fifi il Mushy #4122 5 %

a, ¢, e.Simulation using BL99 thermodynamic scheme; b, d, f.simulation using Mushy thermodynamic scheme

VK F T B THAE . 5 4N, Mushy 77 & 7E 2020 4E 3 H |
4 JR S Ay e iiaib . Bk b ARk
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Fig. 6 Comparison of simulated snow thickness and MOSAiC

buoy observations from November 1, 2019 to May 7, 2020
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Table 2 Root mean square error between simulation and

observation of sea ice thickness
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Fig. 10 Comparison of simulated and observed sea ice surface and bottom melting from June 26 to July 27, 2020

B bR T % R 414, RMSE (top) b 2 1 il 1k 1) 2 7 MR 52 22, RMSE(bot) g JE 370 il £ 114 35 5 AR iR 2%

The specific combination of schemesis marked in the figure. RMSE (top) represents the root mean square error of surface melting

and RMSE (bot) represents the root mean square error of bottom melting



6 B4R MOSAIC $L7 WL U3 18] ¥ vk J5E 38 2 35 A8 AL B 15 22 20 B 35

*3 EFEMNARNIRREHAL. KIBRLELE N
zEMRE ( EERREXEMN, GERKERXEMY)

Table 3 Bias between simulation and observation of cumulative

sea ice surface and bottom melting at the end of the summer sim-

ulation (positive values represent overestimation of the model,

while negative values represent underestimation of the model)

TrRES A R i 2 /m SRl i 2% /m
BL99 + CESM 0.268 -0.137
BL99 + TOPO 0.201 -0.158

BL99 + LVL 0.218 -0.134
Mushy + CESM 0.183 -0.114
Mushy + TOPO 0.110 -0.127

Mushy + LVL 0.235 —0.117
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Comparison of simulated and observed ocean surface radiation from June 26 to July 27, 2020
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Downward radiation is positive, upward radiation is negative. The specific combination of schemes is marked in the figure
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Table 4 The summer average of simulated and observed net
longwave radiation and net shortwave radiation (downward radi-

ation is positive, upward radiation is negative)

WE ik R RS /(W/m?) R RS (W/m®)
BL99 + CESM 11.476 97.085
BL99 + TOPO 19.168 88.846

BL99 + LVL 9.089 91.306
Mushy + CESM 13.731 84.542
Mushy + TOPO 15316 74.751

Mushy + LVL 12.322 89.113

MOSAIC -8.447 76.539
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Fig. 12 Comparison of simulated and observed sea ice albedo

from June 26 to July 27, 2020
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Simulation error diagnosis of the seasonal evolution of sea ice thickness
during MOSAIC in-situ observation

Lu Yangl, Zhao Haibo', Zhao Jiawei!, Wang Xiaochun', He Yijunl’z, Lei Ruibo®, Yu Xiaoyong4

(1. School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. SANYA Oceanograph-
ic Laboratory, Sanya 572024, China; 3. Key Laboratory of Polar Science, Ministry of Natural Resources, Polar Research Institute of China,
Shanghai 200136, China; 4. School of Atmosphere and Remote Sensing, Wuxi University, Wuxi 214105, China)

Abstract: The Multidisciplinary drifting Observatory for the Study of Arctic Climate (MOSAIiC) was conducted
from October 2019 to September 2020, yielding complete observations of atmosphere, ocean, sea ice thickness
(SIT), and snow thickness. These observations provide new opportunities for the development of sea ice models. In
this study, the seasonal evolution of SIT during MOSAiC was simulated using the ICEPACK sea ice model and at-
mospheric and oceanic forcing observations from two periods without missing data (from November 1, 2019 to May
7,2020; from June 26 to July 27, 2020). The simulation was compared with SIT observation and the reasons for SIT
simulation errors were diagnosed. The results show that, in the winter and spring seasons, the model can reproduce
the increase in SIT, but overestimates the transition from submerged snow to sea ice and its contribution to sea ice
mass balance. This causes the overestimation of SIT in spring. During the summer season, the combination of two
thermodynamic schemes and three melt pond schemes indicates that the model overestimates the sea ice surface
melting, resulting in thinner SIT at the end of simulation period. Our research demonstrates that the MOSAiC atmo-
spheric and oceanic observation with all variables needed to force ICEPACK can be used to diagnose current sea ice

models and very useful for their future improvements.

Key words: MOSAIC; thermodynamic scheme; melt pond scheme; ICEPACK sea ice model; sea ice thickness; snow

thickness; Arctic Ocean
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