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Fig. 1 Distribution of sea ice lead for three remote sensing products in the Beaufort Sea on 4 April 2009
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Fig.2 Relationship between lead extents and real lead width of

an orthogonal system in two directions
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Fig. 3 Results of simulated lead extraction with different thresholds on 4 January 2009 (a, b, c), simulated sea ice thickness (d) on 4
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Fig.4 The frequency of sea ice lead for simulation results and three satellite remote sensing products in the Arctic winter from 2009 to

2015 and difference field between simulation results and remote sensing products
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Fig. 5 The quantity probability density distribution of winter lead width for simulation results and three satellite remote

sensing products in Beaufort Sea from 2006 to 2019
a. JRUR 4 HE, b A {H F) 2 km

a. Original resolution, b. interpolated to 2 km

x1 EUERMERZRKEKERBES S
N=mx"H) ¥ n
Table 1 The exponent n of the power-law distribution N = mx™
of simulation results and remote sensing

products for sea ice lead

Aty
PR Ess
1 2 3 4
(LD, 1.50 1.54 1.81 1.74 1.52
WH2015 1.57 1.64 1.67 1.64 1.51
H2019 1.43 1.46 1.45 1.43 1.43

1 H & 4 H KEE -39 56 B A BRASfb 1 508 L A il 22
FAHK R XoF LS4R8 SRR i g ™= b v LAAS 3, 7
3R 4 2% B0 0 K B T2 T8 0 Y (8 bR 1 2%
Wi AT 1 HM2 Ao BEIZE RS WH2015 fil H2019
FHEME AT, 5 H2022 AR 22

Key 5500 i 58 6 B, 24 25 (] 53 B B AR B, 28 K
TG B R 2 b, B EGE R R R, R BOUK
R S . 6, 38 BT K GE B8 EE K

/N H2019 < WH2015 < H2022, 28 [8] 43 J2 560 i M 1 km.,

1.5 km il 1 km, X A FF Key %07 2538 . H2022 45 L 1)
X158 R 6.79 km, HE 8 T A I FPE BT . R
SR 3 i 8™ i I R B0 #5 S MODIS %4l , H 43 B
A 2 AN K, (E T H2022 77 R FH Y Unet B2 548

1 BT RE WS PRI T 22 (Y A K B, & iR H ™
i 5 2% 5 2 B vKas s K GE LS R IR, AT RE S S
Bz ™ o R Y e Al K B 9 BE (B 1), BREANLES
5 H2022 45 R 5 AR T, J5 BN () A SO I, AR A R
BRI 1 7 K ) FR
423 JKIEKE

TR I S BE AT LAAE S 7 1 K 8] 7K 18 RS S K
Z 5 MAE PR AR B FR AR 20, RATSETT T 2006 4F 2
2019 4F pK[R] 7K JE B K BE AR BRAZ AL (] 7) F 45 7 i 8]
FIFH I R B (5 3), | 2 4 ABIZE RS 3 s 8™ i
B AR 43531 R 0.29~0.54., 0.13~0.61 A1 0.16~0.46,
Ha 1 3 MR, 2 A, 4 A MR,
2013 4F 2 J ik 90 e it B0 T — U 44 1 H s KU 5
A 4V DR R A, 5 B0 B R 1Y UK R K G 3G 2202
FEE 6 P 7 H, 2013 4F 3 H ALK 18] A 1SF- 34 58
JEE TR BE A WA B, 3 e WAL 45 SRAR 4 b 7
TR

BREAUL 45 SR 1 7K T R B 5 8 A, bR )
22 IE BN Z A28 B R AR I S 801 . K 7ol ~
b6 2 1 2% i A (A BB EOE 2 km B945 R . TEAAY
DA b, e R A KR B R R R AE SR Y 2.28
£ L7245 R0 2.69 % o SR 7K 8 38 8% ™ i AR 01 45
SR VPR 58 42 I T 43 B 30 DL KA AU S K 1 ik A
RUBE o AR Y 23 B OF R A TR A 1 7K T A BT
R . B IZFe A — & 0 Jay BR 1, 1EA8E C0T 7K I A



80

(GRERE T LE

8 4 a
7.
g 6_\——____/
=
B 54
oy
B
m 4
% 5 ]
e ———— |
1 .
1 3 4
A
8.5 . 5.0
g0 1M 45
751 L4.0
£ 70/ A is
;k( Fo.
m 651 /\ . 20
ii 6.0 N [
2 ss 2
.’z\' DA
50 L2.0
45 F1.5
4.0 L . : , y . , 1.0
2006 2008 2010 2012 2014 2016 2018
A
8.5 — . . — . . 5.0
3.0 e.3H 45
7.5 40
£ 70/ A
™ 35
B 65
Ry 3.0
£ 6.0
sm) 125
Xv3 554
504 L2.0
4.5 1.5
4.0 1+ , . ! . . : 1.0
2006 2008 2010 2012 2014 2016 2018
Ay

8.5 . . . . 5.0
b ) —_
8.0 EY:__ﬁm Y: WH20151, §
H2022 —H2019
7.5 40
7.0 =
.3‘535
6.5
308
6.0 EE
5.5 '2'5§2
5.0 20
454 L5
4.0 +— T T T T T 1.0
2006 2008 2010 2012 2014 2016 2018
A
8.5 : 5.0
ol 424 s
754 /A 40
=
7.0 4 ~
L3.5
os] /N o] =
3.03
6.0 ¢
H_
S L2.55m)
7 %
504 L2.0
45 F1.5
4.0 1 . . . . . . 1.0
2006 2008 2010 2012 2014 2016 2018
0y
8.5 5.0
g0 B4N L4.5
754 L4.0
7.0 4 /P\\“‘\ &
/\ k3.5 =
6.5 \\ e
V \// 1308
6.0 s
12,54
5.5 %é
501 L2.0
4.5 1.5
4.0 1.0

2006 2008 2010 2012 2014 2016 2018
4

Bl 6 20062019 4F % s 45 5 2 FALLL 45 R K 3 Fift T0 AR 3B I ™ it 7K 28 - 2 B8 BE 2 45 AR AL AN AR PR AR 4K (J5UER 23 Bk 5)

Fig. 6 The seasonal and interannual variations of the winter average lead width for simulation results and three

satellite remote sensing products (original resolution)
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Table 2 The statistical results and correlation coefficients of average lead width (in kilometers) for simulation results

and remote sensing products from 2006 to 2019 (in kilometers)
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Fig. 7 The seasonal and interannual variations of the winter lead total length for simulation results and three satellite remote sensing products
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Table 3 Pearson correlation coefficient matrix of lead total length between simulation results and remote sensing product
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Fig. 8 The total length of winter lead of each width for simulation results and three satellite remote sensing products in
Beaufort Sea from 2006 to 2019
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Fig. 9 Annual average frequency distribution of lead orientation in the Beaufort Sea from 2006 to 2015
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Fig. 10 The average lead orientation of simulation results and three remote sensing products from 2009 to 2015
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simulated lead and simulated ice velocity; b, ¢, d. the angle between remote sensing lead and remote sensing ice velocity
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Assessments and analysis on simulation of high-resolution
sea ice leads in the Arctic

Jiang Renchuan', SuJie"*?, Mu Longjiang’

(1. College of Oceanography and Atmosphere, Ocean University of China, Qingdao 266100, China; 2. Frontier Science Center for Deep
Ocean Multispheres and Earth System (FDOMES) and Physical Oceanography Laboratory, MOE. Ocean University of China, Qingdao
266100, China; 3. Joint Center for Polar Research of Chinese Universities, Beijing 100875, China; 4. Laoshan Laboratory, Qingdao
266100, China)

Abstract: Sea ice leads in the Arctic, accounting for only 1%—10% area of the whole ice area, play a crucial role in
the exchange of energy and moisture between the ocean and the atmosphere. Currently, the analysis of the numeric-
al simulation of the leads mainly focuses on the spatial distribution of the occurrence frequency and the spatio-tem-
poral variations of the lead area proportion within the cell, while few analysis concerns the simulated lead morpho-
logy (length, width and orientation). This article is based on the high-resolution (2 km) ice sea coupling model us-
ing visual plastic rheologies to simulate sea ice thickness to extract leads, and the lead morphology is compared to
three MODIS lead products respectly. The results show that the spatial distribution of simulated leads occurrence
frequency in Beaufort Sea is basically consistent with WH2015 and H2019 products. The number density and total
length of leads with a width greater than 6 km follow the power law distribution as presented in remote sensing
products, while that of the narrow (2—4 km) leads are underestimated due to limited model’s resolution. The correla-
tion between the total length of simulated leads and remote sensed products is high in January and March, but the
model fails to reproduce the trends in February and April shown in the remote sensing products. The overall orienta-
tion of the simulated leads aligns with the remote sensing products, both show that leads along the north of the Ca-
nadian archipelago and the southeast of Beaufort sea are almost parallel to the coastline and the ice drift direction,
while the orientation of the simulated leads is more restricted by the continent than that of remote sensing products,
and the location of the lead and ice speed turning is not consistent in the middle of the Beaufort Sea. This study
highlights the capability of the state-of-the-art high-resolution sea ice-ocean coupled models in simulating various

morphological characteristics of sea ice lead, and provides insights for further model improvements.

Key words: the Arctic; high resolution sea ice-ocean coupled model; sea ice lead; lead morphology; model validation
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