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Tab.l The anomalies of the initial ice day, final ice day, icing duration, and temperature of Bayuquan, Qinhuangdao, Huludao, and
Tanggu Stations

1995/1996 10 4 14  -017 -9 8 -1 —041 17 15 335 038 12 7 24 —0.84
1996/1997 -3 -2 -6 0.17 -3 -2 -5 0.02 20 0 21.5 0.67 13 -9 9 -0.29
1997/1998 13 —4 8 0.65 13 -10 3 0.28 10 -2 9.5 1.17 14 -2 17 0

1998/1999 19 -9 9 1.59 13 0 13 1.32 19 -3 -9.5 2.25 - - - 1.24
1999/2000 -3 2 -1 -2.21 -2 2 0 —-1.81 0 1 2.5 -1.89 17 3 25 —-1.05
2000/2001 2 8 9 -2.71 4 12 16 -2.14 —4 12 9.5 -2.82 - - - -0.99
2001/2002 3 -17  -15 1.07 1 =21 -23 1.35 2 -1 3.5 1.75 19 —24 0 1.76
2002/2003 7 6 12 -0.82 7 13 20 —-0.01 11 0 12.5 -0.59 -1 24 =20 -1.47
2003/2004 6 -16 -10 1.41 8 -10 -2 1.01 3 -8 -3.5 1.27 - - - 0.73
2004/2005 -6 12 5 -1.12 -6 7 —4 —-0.33 -2 2 1.5 —-1.06 - - - -0.67
2005/2006 7 2 8 -0.75 4 11 15 -0.89 9 3 13.5 -1.14 - - - -0.49
2006/2007 -3 -15 -19 3.07 -3 -17 -20 2.26 =7 -19 -25 2.55 - - - 2.09
2007/2008 5 3 8 0.91 -15 5 -10 0.89 -23 1 21 0.71 -19 1 -13 1.41
2008/2009 -6 -1 0 1.77 -7 7 0 1.07 -14 0 -13 1.39 =7 -10  -12 1.03
2009/2010 5 15 19 -0.41 12 7 19 -0.72 -5 4 0.5 -1.82 1 2 8 -1.73
2010/2011 -2 -6 -9 -0.62 0 —4 —4 —-0.61 6 4 115 -1.25 -5 2 2 -1.02
2011/2012 -6 12 6 -1.74  -17 6 -11  -1.05 -5 4 0.5 -2.42 =26 4 -17  -0.76
2012/2013 -1 5 3 -2.46 6 4 10 -2.07 3 13 175 -2.14 1 -1 5 -1.86
2013/2014 -26 —4 =31 1.26 -4 0 —4 0.96 -19 0 -19 1.16 - - - 1.27
2014/2015 =7 -4 -12 1.03 -23 -9 =32 1.21 -16 -17 -32 1.58 - - - 1.34
2015/2016 -13 10 -3 0.15 18 7 25 -0.27 -14 1 -13 0.32 -21 -8 —24 0.37




33

=2

BIEF. EHEE. REBFHVKE. ZkH. KAMEFA2—1 B)FHREETF

Tab.2 The anomalies of the initial ice day, final ice day, icing duration and temperature of Wentuozi, Zhimaowan, Donggang Stations

1995/1996 - - - - 10 14 24 -0.6 - - - -
1996/1997 —11 -10 21 0.34 6 -8 -2 -0.48 — — — -
1997/1998 21 6 27 0.72 6 -15 -9 1.01 10 -9 0 -
1998/1999 21 -19 2 2.16 6 -7 -1 2.04 9 -5 3 -
1999/2000 1 13 15 -1.31 12 6 19 -1.08 15 7 22 -
2000/2001 -3 7 4 -1.93 -4 10 6 -1.42 19 8 26 -
2001/2002 3 -14 —11 1.42 -3 -7 -10 2.07 3 -2 0 —
2002/2003 11 18 29 -0.83 0 =7 =7 0.22 13 -9 3 0.24
2003/2004 15 -10 6 1.06 -5 10 5 1.52 —4 -13 -17 0.84
2004/2005 -1 12 11 -1.18 -13 8 -5 0.39 —11 15 13 -0.47
2005/2006 3 10 13 -1.25 2 4 -2 -0.17 1 10 20 -0.43
2006/2007 -19 -28 —48 2.31 6 -8 -2 2.98 6 -17 -12 1.49
2007/2008 -13 0 -12 0.28 -10 1 -9 0.78 -18 0 -18 0.61
2008/2009 0 -3 -3 1.02 3 2 5 -0.11 5 -5 -1 1.48
2009/2010 3 20 23 -1.71 17 13 30 -2.07 -5 8 2 -0.83
2010/2011 7 4 11 -1.06 -6 -1 -7 -0.9 -1 5 3 -1.22
2011/2012 -7 15 9 -1.29 7 3 10 -2.23 -2 10 8 -1.53
2012/2013 3 -1 2 -1.92 4 7 11 -2.68 2 2 3 -2.11
2013/2014 -17 -7 -23 1.59 -12 -4 -16 0.28 -18 -1 =20 1.31
2014/2015 -17 -13 =30 1.34 24 -17 —41 0.95 -3 —11 —15 0.21
2015/2016 - — - 0.21 - — — -0.46 -18 1 -17 0.44
2 , 3 19 , 2006/2007
, , 2 16
( ), 2009/2010 , 1 12,
1 2 ,2005/2006 2011/2012
, 2012/2013 2 8 11
, 2012/2013 , 1
, 2 ,2006/2007
: 11 , 8500m?;
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2009/2010 2011/2012 2012/2013 2015/2016
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3 2005/2006 2°C , 4°C

>



34

4
o ©o o
2 o o o . 0o )
o o 0P g | 6°g o o 6o, o oo’ o g
0 ]ogoo“gooon%° 00BN B o, o
e e 28 e e
—4 —
4r
2_ o o ) 09 o N o
0 ’ 0000“2 ° 000’8()0 ¢ 0o 90 o oO0 °oo°o ’ . i
8 2 OODD%”O%OO Oo 00 ¢ 8@800000 °oo ®
NI ) o o
N 5 % P oo :
ﬁ a4 BB B
o=
ng 4 o o o
I 2t o o o 00 00 0
2 o Bl g0 %00 ° ot B
_2} > o
LLEES i) . oo
4 -40 -30 -20 -10 0 10 20 30 40
2 o® o 8 @ -
B0%0 % %o o O?‘B?KEI
o ° - O°o gg oo O o %QHSEI
_ot © o0
e
_‘£4O -30 -20 -10 © 10 20 30 40
KB, LKBRIKEREY (R)
2
Fig.2 The distribution of the Initial ice day, Final ice day, Icing duration and temperature anomaly
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Tab.3  Cross-correlation coefficient between sea ice area in Liaodong Bay and daily temperature in Huludao Station

0 1 2 3 4 5
2005—2006 —-0.45 -0.47 -0.41 -0.39 —-0.38 -0.36
2006—2007 —0.50 —0.57 —0.53 —0.49 —0.45 —0.45
2007—2008 —0.58 —0.57 —0.49 —0.44 —0.42 —0.42
2008—2009 -0.37 —0.42 —0.41 —0.38 —0.32 —0.28
2009—2010 —0.58 —0.59 —0.57 —0.55 -0.56 —0.57
2010—2011 —0.64 —0.68 —0.65 -0.57 —0.48 —0.42
2011—2012 —0.62 —-0.63 —-0.60 —-0.57 —-0.54 —-0.54
2012—2013 —0.42 —0.44 —0.40 —0.39 —0.38 —0.36
2013—2014 —0.50 -0.51 —0.47 —0.38 -0.39 —0.38
2014—2015 -0.33 —0.34 -0.16 —0.18 —0.26 -0.23
2015—2016 —0.54 —0.62 -0.61 —0.59 -0.56 —0.55

x4 ITHERZEHBKERNSHEREEFEETFHSERNFRIXRE

Tab.4 Cross-correlation coefficient between sea ice area in Liaodong Bay and daily temperature in Bayuquan Station

0 1 2 3 4 5
2005—2006 -0.39 —0.42 -0.39 -0.34 —-0.34 -0.34
2006—2007 —-0.45 —0.52 —0.49 —-0.45 —-0.40 —-0.40
2007—2008 —-0.51 —-0.53 —0.49 —0.46 —-0.45 —0.46
2008—2009 -0.37 —-0.40 —0.40 —0.36 —-0.30 -0.26
2009—2010 —0.42 —-0.43 -0.41 -0.39 -0.39 -0.41
2010—2011 —-0.56 —0.64 —0.63 —-0.56 —0.48 —0.40
2011—2012 —0.46 —0.48 —0.46 —0.42 —-0.38 -0.37
2012—2013 -0.37 -0.41 -0.36 -0.34 —-0.33 -0.30
2013—2014 -0.24 —-0.30 -0.26 —0.16 —-0.15 —-0.15
2014—2015 —-0.43 —-0.45 -0.27 —-0.26 —-0.28 -0.24

2015—2016 —-0.49 —-0.56 —0.56 —0.52 —0.48 —0.47
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Tab.5 Cross-correlation coefficient between ice bounding line in Liaodong Bay and daily temperature in Huludao Station

0 1 2 3 4 5

2005—2006 -0.36 -0.37 -0.30 -0.26 —-0.25 -0.22
2006—2007 —0.67 -0.73 -0.57 -0.41 -0.25 -0.19
2007—2008 -0.61 -0.61 —-0.53 —0.46 —-0.44 —0.43
2008—2009 -0.43 —-0.50 -0.45 -0.36 -0.25 -0.17
2009—2010 —0.60 —0.59 —0.53 -0.51 —0.54 —0.53
2010—2011 - - - - - -

2011—2012 —0.56 —0.57 —0.47 -0.41 —-0.39 -0.36
2012—2013 —-0.10 -0.13 -0.12 —-0.11 —-0.11 -0.09
2013—2014 —0.59 -0.61 -0.51 -0.39 -0.41 —0.36
2014—2015 —-0.51 -0.54 -0.27 —0.19 —-0.23 -0.21

x6 UREHBHBKIMNGEIERSREEEFIEHTHSERFEXRY

Tab.6  Cross-correlation coefficient between ice bounding line in Liaodong Bay and daily temperature in Bayuquan Station

0 1 2 3 4 5
2005—2006 -0.30 -0.33 -0.27 -0.22 -0.22 -0.21
2006—2007 -0.63 -0.77 -0.60 -0.34 -0.17 -0.11
2007—2008 —0.57 -0.59 -0.53 —0.48 —0.46 -0.48
2008—2009 -0.37 -0.42 -0.37 -0.29 -0.23 -0.14
2009—2010 -0.44 -0.44 -0.37 -0.35 -0.41 -0.42
2010—2011 — - - — — —
2011—2012 -0.41 -0.46 -0.37 -0.30 -0.29 -0.26
2012—2013 -0.10 -0.14 -0.10 -0.08 —0.05 -0.03
2013—2014 -0.37 -0.42 -0.33 -0.18 -0.19 -0.16
2014—2015 —0.50 —0.55 -0.29 -0.18 —0.21 -0.17
, ~0.73 , ,
-0.77, 2006/2007 . 2012— :
2013 :
3.3 ( ) ’ « 5
7 , 1983)
: 98%
, :
( , ;
1980) , 15 , 3
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Tab.7 Correlation between Atmospheric circulation index (Dec, Jan, and Feb) and monthly maximum sea ice area

()
24,1,8 —0.42,-0.36,0.29
16,7,15 —0.51,0.46,-0.44
2,1,19 —0.35,-0.34,0.33
1,6,20 —0.69,0.67,0.64
18,1,19 0.66,-0.65,0.65
6,20,19 0.71,0.70,0.69
18,19,7 0.71,0.66,0.64
159,21 0.77,-0.65,-0.65
15,93 0.75,-0.64,0.63
15,16,21 0.65,0.62,-0.59
15,9,21 0.72,-0.70,-0.63
15,16,3 0.66,0.65,0.59
15,43 0.67,0.60,0.59
21,12,13 0.63,-0.62,-0.62
0,1,12 —0.65,-0.57,-0.55
1,18,9 0.41,-0.25,0.24
1,14,20 —0.70,-0.64,0.63
5,3,20 0.50,-0.31, 0.27
5,17,18 —0.52,-0.42,-0.37
15,22,0 0.40,-0.33,0.33
1,5,17 —-0.71,0.62,0.60
22,18,0 —0.34,0.30,0.26
1,2,17 -0.67,-0.58,0.57
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SEA ICE IN THE LIAODONG BAY: STATISTICAL ANALYSIS
BASED ON SATELLITE OBSERVATIONS

GUO Dong-Lin"*73, ZHAO Peng®®, WANG Bin*?, LI Ya-Ru*’, CUI Feng-Juan®

(1. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China; 2. North China Sea Marine
Forecast Center of State Oceanic Administration, Qingdao 266061, China; 3. Shandong Provincial Key Laboratory of Marine Ecological
Environment and Disaster Prevention and Mitigation, Qingdao 266061, China; 4. North China Sea Data & Information Service of State
Oceanic Administration, Qingdao 266061, China)

Abstract Using the monitoring data of sea ice and the observation of air temperature from 2006 to 2016 in six marine
stations in the Liaodong Bay along the northern Bohai Sea, the final ice day and the icing duration are used to better
characterize the icing severity in the Liaodong Bay, North Bohai Sea. In most years, the final ice day and the icing duration
are negatively correlated with the icing severity. Based on the sea ice area and outer edge distance data, the variation of
icing severity in the 11 years was analyzed. The results show that the sea ice area in the Liaodong Bay was obviously
influenced by the regional temperature, and a significant negative correlation was observed between the two variables. The
inter-annual variation of sea ice in the Liaodong Bay is not only affected by regional climate, but also by the Pacific
subtropical high, the Polar vortex, the East Asian Trough, Eurasian circulation index, and other climatic factors. The
Pacific Subtropical High Northern Boundary Position Index, the Polar Vortex Area Index, the East Asian Trough Intensity
Index, and the Eurasian Zonal Circulation Index are the most important influential factors, and these factors can be used as
the predictive factors to the sea ice in the Liaodong Bay. In addition, the Arctic sea ice concentration can provide a
reference for the prediction of sea ice in the Liaodong Bay.

Key words Liaodong Bay; icing severity; regional temperature; climatic factors; Arctic sea ice



