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Abstract

In recent years, sea ice melting-frozen season is changed accompanied with sea ice rapidly de-
clined. Based on the sea ice concentration data of the National Snow and Ice Data Centre, this pa-
per analyzes the interdecadal variations of the Pacific sector with sea ice rapidly declined. The Pa-
cific sector (PS) is an area with significant variation in Arctic sea ice, with a standard deviation of
19% for sea ice concentration, but sea ice variation in different months has obvious regional cha-
racteristics. The significant area of sea ice variation gradually moves toward the central Arctic.
The melting-frozen season of the PS increased, and the trend is about 15.7 d/10yr. Increasing of
Melting-frozen season is mainly affected by the freezeup delay. The melting-frozen season has sig-
nificant interdecadal differences, which are characterized by melt onset in advance, freezeup de-
lay and increasing of melting-frozen season. Compared with the 1980s, the PS melting-frozen sea-
son was increased by approximately 49 days from 2010 to 2017. During the rapid decline of sea
ice, the sea ice freezeup delay’s standard deviation becomes stable and its year-to-year changes
have weakened, especially in the Beaufort Sea. Variation in the PS melting-frozen season is mainly
related to the variation in the Beaufort Sea, but in recent years, the correlation with other seas has
increased.
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VENS A% R G0 0) EE B LH G 53, AEARH K 142 A S I 25 G K Tt A B 2 S ) R SO R ¥ <2 TR ) e
RIS 1] W ZERIR I, AL K BRI IR (2] [3] [4] [5]o AbARHFOK PRI Js D A7 75 35 B35 HO4E
KRR 1979~1996 47, BEAACHK UK TTA AL B AR F kD> 3.0%;: 1997~2007 4, X—EH
BN EERD 10.7% [6]; MEERX — A C KR NG ED 13.4% [7]. HIEZE8HEH
1979~1996 “EGUKIF /D IE Z 508, 177 1997~2012 FEHFUK I Ak, FLIER L 00— ANEH 2.7 £ I24F
R XU UK B R 9/l FRIIAE 2004 4F1RF UK 25 56 B 1) £ 57 759

T T ot DX KU /D LA 5 5 P DX 3R 1 o 4 WP A1 ) I 9 R T 34 o A A~ o DX T UK ik
DR FEFEXIR0], Hilgvkanib g7 22 K[10]. R PRI HE 0K 35 S B (SIC)TE 1979~1988 W%, 1M
WA R R VGE R A R IR 2009~2012 SR VKEE 1T B2 b [3], [FIRT Frey %5
(11445 H i i A 2 R T R IR UK AE 2000 4 DL S /b (5 5 40

RINR SR 2 ARV VKRG T UR BIVR 45 45 AR M B, AR FE R AR AL AR UK AR A I B 248 b, () T R 2R 3
e B AR AN S 2 T o R PR S PRI [ 12], 12 42 ) AR AR b A3 R 78 A T e 75 3 ) 2 B2 (R 3R 13]
[14] [15]0 AbAHg UK R IR E K a5 o Bl LA OK IR 2D, W UKAFETE R BB/ [ 1], FFREZK(SIC <
15%)FREeREBEIN[16], bR K WK, 29 20 R[17]. Bibdnt. BRI, RITAFNEAM
LU RUF AR A AR 3~5 D H, AR VR 45 2B IR 1 50 06} 5% I I Al R MG (29 6~11 d/decade) {540
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S5 LRTR, AU P B XK o B3, TR I 30 254 SRR VKA il S 2 /b, i 300 4 2
K, XML RS AT RAEVFIA W . H H AT 7 32 AR 0K [ S AR A R
WK AR PORF 9T, X Al K BE I R ARBR AR AT RR IR N o ARSCRIF 1979~2017 SEIRH0K 2 5 B 4K
Wi, TEB TR T 55 DX S 0 UK 3 B P AR A i 2tk b, PR AR K ) 4R AR PR AR Ak
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19790104 KA 7€ 19790103 MIHFUKEH LRI, RORIERT G 2R — 8. Bhah, 1988 Mg UK AL 4L
WAE 1A 13 HErAs .

AR JC ARG UK B A AR 22 38 A 1) 25 (R RFAIE, R RSP B X (PS, 69 N~82°N) 73 i dh 51t (BSS,
125°W~155°"W) . £ B} 731 (CK, 155°W~180°W). 7= 75 14 FI| L ¥ (ES, 140°E~180°E) Al 37 3 £ K ifg (LS,
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Figure 1. (a) Standard deviation (unit: %) of Arctic sea ice concentration in
September of 1979-2017; (b) Standard deviation of sea ice concentration in
different sea areas of 1979-2017 (Figure 1(a)) (unit: %)
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3. KEERBXEKRENL
3.1. XEBER

1979~2017 “F464% 9 H Mg vk AR A A i 7E AL AR Bt 5 e, 3 rp fi oy S8 35 1 DX 3 2 B2 Al PS 1Y
B OKARA, HAEPRZE B3, MHZETIA 40%LL E(E 1(a).

IRV ot DX KA B AR A TEAS A H A B B 2 ) X IR AE (] 1(b))e BS MK PRARILTE 5 AR 6
AR IBAR G 3, X 5% I LAy (I UK R B 5%, B 2016 45 5 BS R A L IX
HEE LT TTUKRPIRGL(EIE). LS 78 7 H4EPR B i B3, 1M BS NITE 8~10 H4Ebr b il . CS 7&
11 BAELEARN B2 AR PR AL, IX AT Bt 5 AP PERR K AN TR AR 2201, 10 HAth R S I Aol 1 VK BT 7 25
ERRARAG R EIRTS . IAh, 9 H PS AR R E PR

3.2. FFREREN

PS W UKIZ MR/, AR E 23 X # AR 8l FARBRR B Xz (5 2, Kl 3). Bk
B, 1980~1989 4F PS ik H W%, HA R MM MR GiFRAEE, 1k 30% E, PSIHA
KRR Z R 2a). B 2(e), UERFBR LS DLAMNSIEICF 0K L ST 60% (4 3). 1
2010~2017 4 PS VR FAHGUK R />, BS FI LS MK 4R TE W39 /b, T 40%;  [FII PS ARAIE 2 2 2
DX 35 [ b o (XIS 5, AR Bt 5 35 X S A2 T BS AT LS, T KR AR KAE 9 A BEARIML, 2R8I ES
(Bl 2(d)s FEl 2(h)), SRR IK 25 D80, LS H 42 UL K(SIC < 15%) & (K] 3). 1990~1999 A
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Figure 2. The spatial abnormal distribution and standard deviation distribution of sea ice concentration in the Arctic in Sep-
tember. (a), (e) 1980-1989; (b), (f) 1990-1999; (c), (g) 2000-2009; (d), (h) 2010-2017 (where the yellow solid lines in (g), (h)
represent 2007 and 2012 respectively) 90% sea ice concentration in the year)

2. JetRitX 9 AKX ERERESHMINEES M. (). (¢) 1980~1989; (b)s () 1990~1999; (c)\ (g) 2000~2009;
(d)v (h)2010~2017 (B Hh(g), (h)H B SEL:4 BTz 2007 4EF1 2012 £F 90%HT K BERE)
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(a) the average of Pacific Sector SIC (b) the average of Beaufort Sea SIC
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Figure 3. Multi-year average of sea ice concentration in the (a) Pacific sector, (b) Beaufort Sea, (c) Chukchi Sea, (d) Eastern
Siberian Sea and (e) Laptev Sea (unit: %). (The black, purple, blue, green and red lines represent 1979-2017, 2010-2017,
2000-2009, 1990-1999 and 1980-1989 respectively; the two gray lines represent 15%, 90%, where SIC is less than 90% ex-
pressed in different colors)

B 3. () XFFREX, (b) KIBERE, (o) EMEE, ) FAEAMNILEEM(c) MERXEZFEATINEKEREE
WAL %). (B, 8R4k, K%, FEMOILDHIRT 1979~2017 £, 2010~2017 £, 2000~2009. 1990~1999 £F
F1 1980~1989 4F; MERLEDPIERR 15%, 90%, HF SIC KT 90%BREHERR)

2000~2009 FFEXR I A PEFE . 1990~1999 4 LS I R VKT — NI BL(1980s)FF 469820, 1 2000~2009
4 BS Al LS K Z4R8 A ABABEIE T AT18, R AT s X R UK /b 35 B b 4R 6 4 R I 3 A 4
RIE3 e H UK AR AR T, A EE T 2D 90 F24R(1990s) 3% P AN R UK I /D R 30% (] 2(b)~ 1 2(¢))s
WA 15 1% 3 X R UK AR I 2 2B 1 5 (] 2(g)). BhAh, IE 20 EHHEIK AR FE 5 2007 £ 2012 4E 0K
WO IAER R R R (A 2(2)~ Bl 2(h)).
4. FERARERBRTWL

LA W 70 AR 22 [2 1| BRAL IR [ 17 R R s FIWT AR MK R o ST 2 (R0 8, 35 AN A Rl pb s 1)
R 45 45 RS TR A [R], @R 30K B 5 DAVEOK I Rl s TS SR 52 [ 22 5T BRMEL IR B, A 0F 50 R 95% [22]
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Figure 4. The year-by-year variation of melt onset day (purple Line), freezeup day (black Line) and the melting-frozen sea-
son in the (a) Pacific Sector, (b) Beaufort Sea, (c) Chukchi Sea, (d) Eastern Siberian Sea and (e) Laptev Sea. (all trends are
statistically significant at the 95% confidence level)

B 4. (a) KFFRBEX. (b) KIBFEE. () BRANE. (1) FEAMILEM() MEREXEGHRMUITGEH(RL) FE
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Table 1. Decadal variation and long-term trends of melt onset day and freezeup day

F 1. AT HFAAEES R HFRE R KHIEE

1990~1999 2000~2009 2010~2017 Fa (R d/10yr)
o ALEITUEE  HESRE  AMITEH  BESHRH  RAMEITEE HESHRE  RULITEBE B E
KRFPEREKX  172(-10)/13  298(+10)/12  168(—-14)/6  304(+16)/12  160(-22)/5  316(+28)/9 -6.5 9.2
WbRE  174(-11)/23  288(+4)/17  177(-8)22  295(+11)/7  156(=29)/19  309(+25)/6 -9.2 8.1
BRI 181(—4)/11  325(+13)/16  170(-15)/8  328(+16)/16  164(-21)/9  338(+26)/13 -6.9 8.2
REMAFIWNG 183(-12)27  284(+4)/9  176(-19)/11  297(+17)/9  168(-27)/10  307(+27)/11 -8.7 9.8
FOHEFIT  164(=5)11  284(+1)/11  164(=5)17  288(+5)/7 152(-17)/9  299(+16)/5 -43 5.2

R U IR 25 48 B 2 s R HARE R, 55 WEUE R E 1980s A ELRUKIERT . 1R 458G AL R 5. HLA SR R BT — N 2
ML, WK 10 K. @A EET 95%E ERK .
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SESEHR H AR NRLE 21 VI Z /15 BS MIESIAHC RELERFE 0.8 DL ECEIT 95% 5 EAEE), BT
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(50 5 AR S, DRA X P AN IR S5 45 o H 24k 5 PS L R VI 6(D).
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Figure 5. ((a), (c)) Running standard deviation and ((b), (d)) running correlation coefficient of melt onset day and freezeup
day (the running window is 11 years; the year of the solid point in the correlation analysis indicates statistically significant at
the 95% confidence level)
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4.2. FUREA
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AN 15.7 d/10yr, RABIEEK, Hd ES A I B E AR R, £ 18.5 d/10yr, 1fi LS KHIA
5, £99.5 d/10yr, XA EMSERIGLSE EIRGEAFEYVIMG. X 39 4, PS Al EY
HK 49 R, JUHAZ 2010~2017 FA R RE, [FRT—MERAMEE, K 71 20 K, X2 H TR &
MR I B ER K, Horh ES MBS BRI KR, H#h 50 K.

RV IR A IR P I S, SIS PS bR K EEI O R B AR R (32 2 MK 6). AT
WK FEAE LT O F AR S5 45 H SR FEER R, B LS il A 22 S a0 DA Ah, Fofth i b vk 30 () A2
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Table 2. Decadal variation and long-term trend of melting-frozen season

2. ARSI KESFREUR KIS

. 1990~1999 2000~2009 2010~2017 #H(d/10yr)

o R R K bR bR S R K B
P FR X 126(+20)/22 136(+30)/17 155(+49)/13 15.7
IR AE 114(+15)/35 119(+20)/28 153(+54)/22 17.4
HRL il 144(+18)/26 158(+22)/20 174(+48)/16 15.2
ARG AR i 101(+15)/34 120(+34)/18 139(+53)/15 18.5
P R 120(+6)/19 125(+11)/22 147(+33)/19 9.5

AL B S 2 R K bR 22, 355 Ul R (R 1980~1989 1 EL Rl I AR b K. FLARRRFEIRT— MEAMEL, K
I 10 K. #EAEIE 95%(E R (AL : d/10yr).

a) Melting-Frozen Season (RSD) (b) Melting-Frozen Season
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Figure 6. (a) Running standard deviation and (b) running correlation coefficient of the length of the freezing period (the
sliding window is 11 years; the year of the solid point in the correlation analysis indicates statistically significant at the 95%
confidence level)
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