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Spatio-Temporal Variability of Arctic Sea Ice Extent and Its Numerical Analysis with Sea Surface
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Abstract: The annual and seasonal variability of Arctic sea ice extent was analyzed using of the sea ice extent data from 1989 to
2014, which was offered by the America National Snow and Ice Data Center. According to the data, it can be found that the Arctic
sea ice extent decreases with an amplitude about 59 100 km® annually. Moreover, the fastest decline occurs in summer, while the
slowest decrease appears in winter. In addition, the Arctic sea ice extent shows a relatively stable seasonal variation, which exhibit
the same thawing and freezing period. Arctic sea ice extent reaches its maximum value in March, undergoing the ice thawing period
from April to September. It has the minimum value in September. Subsequently, it is the ice freezing period from October to March.
During the summer, the sea ice reveals some featured characteristics, such as the fast thawing and sudden freezing. The Arctic sea
ice thaws quickly in July and August, and freezes fast in October and November. The freezing and thawing process maps of the Arc-
tic sea ice were made by ArcGIS software. Then, the freezing and thawing processes of the sea ice were discussed in detail. The re-
sults show that the Arctic sea ice mainly freezes and thaws in various marginal seas, including the Bering sea, Okhotsk, Beaufort
Sea, Chukchi Sea, East Siberian Sea, Laptev Sea, Kara Sea, Barents Sea, Hudson B. and Baffin Bay. Finally, according to the sea
surface temperature and air temperature data, the relationships among Arctic sea ice extent, sea surface temperature and air tempera-
ture were preliminarily discussed here. The results show that a change of the Arctic sea ice which affects the sea surface tempera-
ture may cause a variation of the air temperature. However, the seasonal changes of sea ice extent occur later than the seasonal
changes of sea surface temperature and air temperature. The relationships among Arctic sea ice extent, sea surface temperature and
air temperature in Chukotskoye More were analyzed using the sea surface temperature data and air temperature data derived from
the ship-based observations. The data show that when the sea ice extent gets closer to the North Pole, the sea surface temperature
and air temperature will be lower. When the sea ice extent gets closer to the land, the sea surface temperature and air temperature
will be higher.
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Fig. 2 Average monthly variation of Arctic sea-ice extent
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Table 1. Linear regression of Arctic sea-ice extent

Ay CRES LB Ay CRES BT
1 -0.0542 -0.8737 7 -0.0862 -0.8558
2 -0.0491 -0.8245 8 -0.0892 -0.7966
3 -0.0353 -0.6864 9 -0.1056 -0.7936
4 -0.0224 -0.4525 10 -0.0872 -0.8431
5 -0.0199 -0.4030 11 -0.0632 -0.8535
6 -0.0444 -0.8131 12 -0.0526 -0.9025




800 HoBk 5 B OBk 2 R

20164

ZHOA Gy BRI R A AN K, 9 H TR DIE [ 22
Pl 2 5 AR -2 A R e d AR ), S A4 P DR
Il fo AEA QR AU —4F R T D 5 O

32 HKERET TS

JCH I VKIS FRLAEE B i ZE 1 AR Al i vkl
I RARLE NS 6 A o KA ZE R Fl Ak &
BRAETESN NG . IE 3 1 2014 4R J0H IR K
Ak AR LR A 1, B 4 H KT iRl A1 H
3 H VKIS 2 R AAR AL, 76 1 TR ELE S B
VT FTHE TN, 78 A I SR 7R R oA Bk b . S
A vk Ik Sd > A Ee 4 H KA (AT AN
FE R SO TR B D AR A S AT T . AHLEE S
H 6 A oKAEZERLaT i 3 H e T A ELE 2 1
W, 7 A IEKEE I i R AR AR A A
PN I ISV 1) vk LA AL, I b AR RE R A
B T T R R Y vk B Bk, 8 T
VKNG A S 1) LR 47, 36 EAR BRAE AR A )
WA, 9 H USRI E— 246/, 15
Fli5/IMA

Kl 4 2 KR 2 T PR AR . 10 T, bk
ARG T R R UK ARG RS Y, R A
P I T UK BN . 11-12 7 1ok gk Lk

140°W  150°W_160°W 170°W 180° 170°E 160°E 150°E
¥

50°W  40°W 30°W 20°W 10°W 0° 10°E 20°E 30°E 40°E

K3 bt okt i

Fig. 3 Thawing process of Arctic sea-ice

150°W 160°W 170°W  180° 170°E 160°E 150°E

r 3

B, “.‘\‘ - -»4; s‘
P

4 JuiigokRgs o i
Fig. 4 Freezing process of Arctic sea-ice

PRGHLIE 0, bR ERHT I R VSRR v
P AR Z U AP L 25 T ) v kR Y
HBE . 2015 4504 1-2 H MoK (7R 245 1 5 B 8 kb
HI3AN A2, 141 SRR Sl A AR I () i K
WA, 3 EVGE FIE YR AR K.

24 10 DA B8 2 A — 1 il vk
FIEAS () 2208 AR vk AR R R TR (R 2) , 218
IR A URES A A W o Rl A, 25 RE ] K
TEA RGNS e At . Forb g vkl
et B 27 A8 A, 25 fe iy & 10 A fil 11
Ao —4Erh, BRI DK Ak SRR 25 1] s ] —
FER AER R T 76 2 2 00 () oK A PRl Ak PRz 25
FRAE, JUAS 28 D UK/ N9 R i R B T

£ Cavalieri 1 Parkinson F%) b % 7 vk 2= 5 %))
DITE, ENAEN1-3H , FEN4-6H , HZ
FT7-9 H FkZFEN10-12 H o IR S o0 Hras Sl Al
M\ 1989-2014 4F-, 4 /> 25717 114 ¥ K il 447 422 R B dd
MG . 455 B S IALG BT AT, T vk
TrREBHRRIMET ZEE, TREEN
9.37x 10*km’/a , HUURRK A ZE  FKZE T RE B
9 6.77x10" km'/a, 4 Z N [ HUEE Ry 4.62x 10" km'/a,
TrHREBHAREBMNET ZES, TREEN
2.90 > 10° km*/a o AN[AIZEYT, ¥ KU ] ) A5 A0 AL

R2 AR ARERF BT
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JH

1 2 3 4 5 6

7 8 9 10 11 12

PRI 1.41 0.71 0.32 -0.63 -1.43

-1.47

-3.05 -2.03 -0.94 2.81 2.24 2.20
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Tab.3 Sea surface temperature and air temperature
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FE ME QP P WRRC SUR/T

1 2010-07-21 -168.96 69.99 1.675 5.4
2 2010-07-24 -168.43 71.97 0.971 3.1
3 2010-07-24 -164.53 72.42 1.017 1.9
4 2010-07-25 -158.20 71.58 2.175 5.5
5 2010-08-28 -172.05 75.04 -0.732 -1.0
6 2012-07-20 -167.94 70.92 0.801 0.8
7 2012-07-21 -167.30 70.40 0.594 0.6
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