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Fig. 1 Monthly mean sea ice concentration (al—b3), sea ice concentration difference (c1—c3) and relative error of sea ice concentration

(d1—d3) of Arctic winter (December, February, April) climatic regimes from 1980 to 2018

KRR : a. SSM/L; b. CICE; c. CICE-SSM/L. ¢, d H Y ALk Sy SSM/L i vk 8 45 18 90% SE(E 25 [ h 252 T0°N
Date source: a. SSM/I; b. CICE; c. CICE-SSM/I. The black lines in ¢ and d are the 90% contours of SSM/I sea ice density;

the latitude line in the graph is 70°N
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AR SCAE FH CS2SMOS 3 Jk 1A vk JE 1 PIOMAS 7K
JEE 7= SR T b A ZR g KR B A AU G SR, R4
MG 2k 2, £ 3 . A CS2SMOS 7K 5
B4, CICE B A5 SR A 34858 25 | P34 xiim 2 2
J5 HR 15 25 FAH X R 22 3 50 O 0.16 m. 0.47 m. 0.65 m
F1 37.07%, BRF- 15 46 %5 152 22 Z A ) 3 ok R 5% 25 1
FE 11 H Z284E 3 Ao, 4 ARG R, KSR
15 22 B/ IMET B 4 0 i 22  3 5 AR a5 2 A X 1R 25
R, XM 5 LI E, ALK IR Y 45 8] 43 A A7
FERR A 2 -
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Table 2 Monthly errors statistics of simulated sea ice thickness north of 70°N relative to CS2SMOS observations

for winter (from November to April of the following year), 2010-2018

IR 11H 12H 1A 2H 3H 4A Mt
ME/m 0.24 0.19 0.17 0.13 0.10 0.15 0.16
MAE/m 0.48 0.46 0.47 0.47 0.47 0.48 0.47
RMSE/m 0.69 0.65 0.65 0.64 0.64 0.64 0.65
RE/% 49.98 38.00 33.93 30.64 30.52 40.03 37.07

: ME: “FH51R28; MAE: “FI45 %] 1% 25; RMSE: ¥7J7 fili%2%; RE: A #R 22

&3 2010-2018 £ 70°N DAL EIUE K EEEY CS2SMOS MMM EE (1 AZZE4A ) EMREFITER
Table 3 Average winter (from November to April of the following year) errors statistics of simulated sea ice thickness north of 70°N
relative to CS2SMOS observations, 2010—2018

PR2EA 2010-20114F  2011-20124F  2012-20134F  2013-20144F  2014-20154F  2015-20164F  2016-20174F  2017-20184F
ME/m 0.19 0.32 0.27 0.08 0.07 0.21 0.02 0.06
MAE/m 0.53 0.56 0.50 0.44 0.47 0.59 0.45 0.45

RMSE/m 0.73 0.80 0.71 0.57 0.66 0.79 0.58 0.62
RE/% 39.72 45.73 41.74 34.53 30.24 57.83 30.77 39.93

: ME: iR 2; MAE: P46 5HR 22 ; RMSE: #7#iR 2, RE: MIXHRZE; 2010201 144 £ 201045110 2011454 A, DLt
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T A 2 DX 3RS 20T i TR 1 s A+ 43 B A, 1 i 2 DX I
HLO AR X R 2EAE 11 ] 2 284E 2 A4t 1 100%.
T =1 T 0 A 2 DX 3 XX RS A AR Ay D 5555 — 2, 71 flg
22 DX IR AR AT 158 22 MR 24 /N T 50%

 2e 451 T 2010-2018 4F & 2 H -3 1K 8 2
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2 2010-2018 4FbR 4 Z (11 A =H4E 4 A ) - CS2SMOS 3 M 7K JE (al—a6). CICE BELVKJE (b1-b6). CICE 5
CS2SMOS VK J5 2 (4 (c1—c6), VKJEEAINF 15 22 (d1-d6), 70°N AL X Ik 4 227 4 vk 5L 1) 2010-2018 4F 24575 (o) il
19802018 £E4EBR7E Ak ()
Fig. 2 Average CS2SMOS remotely sensed observed ice thickness (al—a6) , CICE simulated ice thickness (b1-b6), different field of ice
thickness between CICE and CS2SMOS (c1—c6) and relative deviation of ice thickness (d1—d6), the 2010—-2018 seasonal variation (e) and
1980—2018 interannual variation (f) of the mean winter ice thickness in the region north of 70°N in Arctic winter (from November to April
of the following year) from 2010 to 2018

E rh4iZk o 70°N; e Fil £ A2k S CS2SMOS 3 B IK 5 5 5 2k PIOMAS DK ; 20254 CICE DK i (5 B 82 by L0 oK T2 f) — A o o 2 ¥

The latitude line in the graph is 70°N; in figures e and f the black line is the CS2SMOS remotely sensed ice thickness; the blue line is the PIOMAS ice thick-

ness; the red line is CICE ice thickness; the gray shading is one standard deviation range of the observed ice thickness
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Table 4 Monthly errors statistics of simulated ice velocity north of 70°N relative to OSISAF ice velocity

for each month of winter (from November to April of the following year) from 2010 to 2018

RZEHH 1A 12H 1A 2H 3A 45 it
ME/(cm's™") -1.55 —1.26 —0.73 —0.45 —0.68 —0.52 —0.84
MAE/(cm's™") 2.96 2.99 3.23 2.93 2.95 2.58 2.94
RMSE/(cms ™) 4.18 4.17 4.43 4.24 4.20 3.50 4.13
RE/% 67.40 68.80 105.02 105.19 121.02 121.51 99.55

1 ME: ‘Y1225 MAE: “FI4E %117 22; RMSE: ¥ 7 i 1R 2%; RE: A% iR 2,
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Table 5 Winter (from November to April of the following year) errors statistics of simulated ice velocity north of 70°N
relative to OSISAF observed ice velocity year by year from 2010 to 2018
BRAELAY 2010-20114F  2011-20124F  2012-20134F  2013-20144F  2014-20154F  2015-20164F  2016-20174F  2017-20184F

ME/(cm-s™") —0.43 -1.04 —2.04 —0.58 —0.37 -0.91 —0.77 —0.72

MAE/(cm-s™) 2.41 2.98 3.34 2.37 3.29 3.21 2.90 3.17

RMSE/(cm-s™") 3.33 3.84 4.64 3.36 4.42 4.86 4.19 4.43

RE/% 86.63 107.90 94.17 82.87 133.20 123.65 77.61 91.91
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Fig.4 Average OSISAF remotely observed ice velocity (al—a6), CICE ice velocity (b1—b6), different of ice velocity CICE and OSISAF

(cl—c6) , seasonal variation of mean ice velocity in the region north of 70°N in the Arctic (d) and interannual variation of mean winter ice

velocity in the region north of 70°N (e) for Arctic winters (from November to April of the following year) from 2010 to 2018
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The latitude line in the graph is 70°N; the black line is OSISAF remotely sensed ice velocity; the blue line is Polar Pathfinder ice velocity, the red line is CICE

ice velocity; the dashed line represents the linear trend; the gray shading is one standard deviation range of OSISAF ice velocity
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Fig. 5 OSISAF remotely observed ice velocity divergence fields (al—a6) and CICE ice velocity divergence
fields (b1—b6) for the Arctic winter (from November to April of the following year) from 2010 to 2018

P &2 70°N
The latitude line in the graph is 70°N

FrARfb, VKIS 2229 0.16 m. {HJE 5 CS2SMOS
VKSR B A HE, 20102018 4F A5 2 vk B 1) /< 4 25 45 [
Gy ATARAS AR, 23 6] 7 B AR X R 22 R 37.07%. VKIS
T % B AR TR 25 VAR I AR 5 A R ) X R P P
Bl A, U b g X 3 7 i sk %) U 1 R X s 0
FETEARAL o X PP KRR 25 32 By 2f R AR, R
AR SO H T AE Bl 2 R B AT 2R T

55 OSISAF K 3 £ 4% AH L1, 20102018 4F A5 5 7K
YT 347158 22 FAE AT 15222 53 3124 —0.84 em/s 1 99.55%.
23 [E] 434 1, CICE 5848 14 962 3 4R Ui 108 0 [ O A, oo

A7 B ) A ARSI — 0, SXRE M VKRS TE S & 3
TINEE R DAL A TS VK T 22 1 1) 5 3 R Vi A o O
b R, HLAF A BL A5 U DL A6 AE 7 vk R B 6D
2%, BV CICE #2480 9 T VK U B AH LG T W80 A9 4 HOA
S, KAE I B, S8 CICE B 45wl 7% X
B VKR . 55— 77 T, CICE #5404 Jb B v ok [X 25
e A7 A VG B ) 1 KGR T 22, ELRSEARL 45 S v 9 s
ViUl [X 38§ 14 98 KT A i SRS R, 3 e A Vi VKO A R
R IXC [ s L 9 e VAL B ¢ B AL o

AT — L5 T g VKB AS X CICE DL 45 S v



58

MHEEd 4545

WO0°E

WO0°E

0.05

0.03

bpgd

WO0°E

El6 20102018 fFAL A (11 J B4 4 1) OSISAF 3 LI Kk 1) 725 37 (al-a6) Fil CICE pK# ] 74537 (b1-b6)
Fig. 6 OSISAF remotely observed ice velocity shear fields (al—a6) and CICE ice velocity shear fields

(b1-b6) for the Arctic winter (from November to April of the following year) from 2010 to 2018
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pan-Arctic region from November to April (b); R” time series for the Beaufort Sea region delineated by the red line in a2 (c) and R* time
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the following year) from 2010 to 2018
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Effect of sea ice deformation on winter ice thickness in Arctic based on
CICE model simulation results

Li Hao"?*3, SuJie®?%3

(1. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Physical
Oceanography, Ministry of Education, Ocean University of China, Qingdao 266100, China; 3. University Corporation for Polar Research,
Beijing 100875, China)

Abstract: Sea ice numerical model is an effective way to study the dynamical and thermal state parameters of sea
ice and the connections between them. The current assessment of the results of numerical ice thickness simulation is
much less than the sea ice extent/area and concentration, and the study of the influence of ice velocity and sea ice
deformation on ice thickness distribution is still lacking. We simulated the Arctic sea ice variability from 1980 to
2018 using the Los Alamos sea ice model (CICE), and validated and comparison the CICE simulation results using
remote sensing and assimilated ice thickness data. We further analyzed the effects of simulated ice velocity and sea
ice deformation on ice thickness, and calculated the contributions of ice velocity divergence and shear bias to ice
thickness bias. The results show that the interannual variability of the mean ice thickness and ice speed in the Arc-
tic north of 70°N is reasonable, but the multi-year trends of the simulated mean ice thickness and ice speed are smal-
ler than the variability of the assimilated data; the differences in the spatial distribution of the simulated and ob-
served ice thickness are closely related to the deviations of the ice speed and deformation rate, mainly in the posit-
ive deviation in the Beaufort Sea and the negative deviation in the Arctic central zone to Fram Strait. The contribu-
tion of divergence and shear deviation to ice thickness deviation in the pan-Arctic region fluctuates between 13%
and 16% before March, and jumps from 16% to 27% in March-April. The divergence bias dominates the positive bi-
as of ice thickness in the Beaufort Sea region in November and December, while the shear bias dominates the negat-
ive ice thickness bias in the winter in the ocean north of the Canadian archipelago and in the region of the Arctic

transpolar drift.
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