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Fig. 1

The time series for Arctic sea ice seasonal melting area index
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The blue line from HadISST dataset, represent average of each decade;the grey line from NSIDC dataset; the red dashed line re-

present trend of each decade; top right corner number represent linear trend coefficient ; star means passing 0. 05 significance level
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Fig. 2 The moving T test (a) and Man-Kendall test (b) for Arctic sea ice seasonal melting area index, the Uf and Ub

in b denote the sequence and inverted sequence of statistical test variables, respectively
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Fig. 3 Spatial pattern of regression between Arctic sea ice seasonal melting area index and difference of maximum SIC and

minimum SIC of last year (the dotted area passes 0. 05 significance level)

4 HEEHAFEUER AL

4.1 PEFRWERBME AT

] 4 A b v 1) A7 R T A 0 5 B [ 1 A
o BEAROR T, VR S8 0 e 2P R B
—0.03/a, Hiid 7 0. 05 iy S K P, (HERA AR
R AE AR AR . W2 T K56 (B 5a) 25 5L %0
VR RN ARECAE 1997 4F H B0 35 58748 , LRI 0. 01 119 i 3%

PR 1997 4 Z i & A2 BB R 40 78 0 (H LA b
3.1997 2 JG HATE 0 AL F I3l . Man-Kendall #;
5 (] SR B B 1997 4 Fif J5 4F SR M 80 B
E90 It 0,05 BB K. L5 L ASCA T E
PRETE 1997 4FR1 G B TAEACPREERY . D38 A7
SIWETE B F K5 (& 500 45 R R BIAE 1980 4FHij 5 H B
TI7 2578 B B E MK 0. 01, 1980 4F LUK 4F
PRz e iR MR AR 5 1980 A LAJG W AR B AR R A /1N

1962-2013 4 -0.03*
1962-1979 4 0.022
1980-1996 4 -0.029

1997-2013 4 0.05

K R T AR AL
)
——r
e
=

Fit

-2 T T T T
1965 1970 1975 1980

1990 1995 2000 2005 2010
4y

Vel 4 AR A 1 47 R T R AE A0 B 1] ) 72 £
Fig. 4 Temporal evolution of standardized freezing rain frequency
W SR AR AR BIYE 2R R AR A AR AR B R 3 PRI AT AR I ME 5 R AR a3 A AU AR e A AR B
LR R B« FRoR T 0. 05 1Y B3 M KT

The blue solid line represent average of each decade; the red dashed line represent trend of each decade; the black solid line

represent overall average;top right corner number represent linear trend coefficient; star means passing 0. 05 significance level



LI A B 45 AU U v i 4R A B e B 15 v [ R T 4R AR PR AR A 96 2R 109

a. WENTHL S

(nl=n2=17)

TR fE
9]

b. Mann-Kendall#5 35

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

— Uf = Ub

M-K k3008

IR

c. WA FRE

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

(n1=n2=11)

F R 3fE
~

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

4

B 5 ARVEAL A AR T & AR M AY 1 3 T K236 (2) s Man-Kendall #:56 (b) fil g gl F #6556 (o) , Hp Uf
A Ub 23 BRI 7 50 FLT 50 19 5E T 5

Fig. 5 The moving T test (a) ,Man-Kendall test (b),and the moving F test (¢) of standardized {reezing rain frequency,

the Uf and Ub in b denote the sequence and inverted sequence of statistical test variables, respectively
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Fig. 6 The spatial pattern of the trend of annual mean freezing rain days

(solid round passes 0. 05 significance level)
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SIC of last year(the dotted area passes 0. 05 significance level)



LI A B 45 AU U v i 4R A B e B 15 v [ R T 4R AR PR AR A 96 2R 111

5.2 AMENESEREECEKEEENTEEX

Bl 8 B9 Shy 2 3 b v Ak 1) A7 50 VR T R A 4
ER TR 251 R R K B A 40 A . 5 bR AL 571
XiF L 114 25 [0 43 A3 AH B o 19 3 2 8] 29 A — 250, Ul B R RN
A 5 T I S UK AR BROC RN . X HOR B
1962—1979 4F i), R FN A2 AL S IR R R BA B
AR —4F 8 ZE b R WY 1 vp 4 I X AR AE B S i —
MBI XAAEIER . SBIKNERE
25 A — ARk 2R AR S W R — Al I VK R
IESR . 1980—1996 4F (0], 5 ¥ 0K o R AL 55 AR
VTS I S R . R — AT B 2R AR RO B B
TR XA AE 35 16 520 s AU R PG PR A B 22 5 ARG V35

TEl AT 2 IR SR s AR PRI IO SR . T 1997
—2013 AF[8] . UK A B MR i X 307 AR AL L 5K B
g X BB AR AR R R X AT —4F R = N+
5y AR I IRAT AR 235 0 5 0 B —4F BT I At =
g 2 AL R O TS G5 S AT — AR B
E2IE 5/ N2 R T U | & R KR53 N S|
DA B [ O W 09 A A A 20 22 70 AR AROR Z Ri A
90 AFARH I 2 Jim T B 5 AR IR oK A R A | 2
PRI 22 0 28 AR G 1 70 ARARURE 90 AR i B
P 1] T 2 4 BR AR I i PR P A v ] R T 1) 728 P 0
B A R 2 T I A O AR S )

60° 120° E180°W120° 60°

a2

B 8 sy briE LA SR R AR SRS T —4F B (JAS(— 1)) . Flf (OND(— 1)) £ 4 4F & (JEM
(0)) . F (AMDO)) A [f) 2255 ¥ 15 114 171 19 43 A (a~d : 1962— 1979 4F ,e~h:1980— 1996 4F,i~1.1997—
2013 4F 4T S XSG &L 0. 05 & 2 MK )

Fig. 8 Spatical patterns of regression between detrended standardized freezing rain occurrences and SST in

different seasons from previous summer (JAS(—1)) ,autumm (OND(—1)) to the following winter (JEM
(0)) and spring (AMD(0)) (a~d:1962—1979,e~h:1980—1996,i~1:1997—2013, the dotted area pas-

sed 0. 05 significance level)

5.3 HAWMSMHBMERNEIMZINE TSN
SN ERUE R diiE AL VAR G (s
ZLAA LA 1 A SCEE R SO 5 8 MR A1

DX 4y 20 i 2 1 DK 2 5 BE A DA T4 IR 7 Doz FH 0% 4
[ 23 75 95 68 AN ) A A S A S R TR A8 4 T 41 7 7
T B AS [ AR P9 2 060 v 1 R TR e AR ) BN 1.



112 W 3745

0.10

1.0
q,08IM

0.08
0.06
0.04

0.03
— 0.02
— 0.01

— 0.00

4.0M
T.081M

HFUk SR

— -0.01
A £ = -0.02
k. JEM (0) 1. AMJ (0) — -0.03

— -0.04

-0.06
-0.08

101

1,081 M

-0.10

B9 oA bR AL A SR TR A AR A9BSR TR 2274 A I oK 9 I8l 9 4 A
(a~d:1962—1979 4F ,e~h:1980—1996 4 ,i~1,1997 — 2013 4F, §T & X I8 5 0. 05 f MK F)

Fig. 9 Spatical patterns of regression between detrended standardized freezing rain occurrences and SIC in different

seasons (a~d;:1962—1979,e~h:1980—1996,i~1:1997—2013; the dotted areas passed 0. 05 significance level)

BESCHERE X A5 AN 1 P 4551 R .
F1 XBEREE

Tab.1 The information of the key areas

IS ESSY XL E

X1 SST WiE /JAS(—1) 48°~60°N,40°W~0° ek
X2 SST i /JAS(—1) 30°~45°N,60°~30°W B NiiRE S
X3 SST B 5 /JAS(—1) 20°~35°N,160°~130°W LR
X4 SST WE /JAS(—1) 37°~51°N,155°E~180° k[ NS
X5 SST BiE/JAS(—1) 0°~22°N,75°~130°E PAFENEE
X6 SST HIE /JAS(—1) 0°~10°S,90°~80°W AR AR KT
X7 SIC ik /OND(—1) 73°~78°N,20°~60°E RPEVE R X
X8 SIC HiB/OND(—1) 76°~86°N,150°E~170°W KOV B X

19621979 R[] Fe BN T 00 X BAMKR o g 540, WAL TR 7 B Y = 0. 55X, —
B 0. 761, 3907 R A vy 0. 796, F Geit ity yqsy

22.06. FRAEALATH T B Y —=0. 761X, | 19972013 4F [ B BRI 745 X, X A
1980—1996 4Eja] I L B A T X, . X, . &AM KRECH 0. 846, H 77 22 oAl 11 54 0. 436, F Giit
KARy 0. TAL 905 B AR 0-386 F B3 gy 1758, afe ey B 8y ¥ = —0. 356X, —



LI A B 45 AU U v i 4R A B e B 15 v [ R T 4R AR PR AR A 96 2R

113

0. 66X; .

10 LA 75 AR 46 5 5 R TR 30 A8 £ 1 X6
O s b B A] 25 AR AR B 2 0T R 0 UL SBOR B
U o AT AN TR) AR AR S e R A 9 I L9 DK
B KSR . 1962— 1979 4F Jy B8 7 i WK P i
UK, HoWIEFIEEFR . 1980—1996 4R [a] My At K6 v
Hh e 2 B VIR MNP B DUR TR 5 RV T
AR A5 TEAE G 5 RV i I AR Ak 2 A O, 1997
—2013 4F[a] , BRI X 34 4R fE KO LR

2008 4F R I 9 I S5 38 22 5 2007 4R KT B X
VNN REP SE 7 I AT B ST I S Dl (5
WAV » RSP0 B DX T DK A IR IR I 2. X
T LA AR I DR AR AL — B0 JU R I DR AE 1997 4F
TEAE 3 A AR AR B 5% 1, 1997 4F LA S K7 B XA
UKERAE L E G 22 i e T RE R A TR R
AR o AT i 52 M) e [ A A Al 1 O B Tk X 1) RF-

PRk A 4
VAo~ W o

1965 1970 1975 1980

1985

1990 1995 2000 2005 2010

A

P10 3 A1) Bl TR O 0L 15 B0 1 A v LA R T AR e (A 80 e i R T 8 1 il 2 OO (8D X |E

Fig. 10 The fitting series(red) and the freezing rain occurrences (grey) in three time periods
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Decadal regime shift of Arctic sea ice and associated decadal
variability of Chinese freezing rain

Niulu'? , Huang Fei'**** ,Zhou Xiao'"*

(1. Key Laboratory of Physical Oceanography ,Ministry of Education ,Ocean University of China ,Qingdao 266100,China; 2. Key
Laboratory of Ocean-Atmospheric Interaction and Climate in Universities of Shandong ,Ocean University of China ,Qingdao 266100,
Chinas; 3. Ningbo Collabrative Innovation Center of Nonlinear Harzard System of Ocean and Atmosphere , Ningbo University ,
Ningbo 315211, China)

Abstract; Based on the HadISST sea ice concentration (SIC) data from 1961 —2013,we define the Arctic sea ice sea-
sonal melting index and analyze the spatial and temporal characteristics of Arctic sea ice seasonal melting extent. It
turns out that in recent decades there are two significant decadal regime shift,late 1970s and the middle of 1990s re-
spectively. Before the late 1970s,the oscillation of Arctic sea ice extent was decrease under the background of glob-
al warming, the seasonal melting extent (SME) was small but increased significantly; during the late 1970s and the
middle of 1990s,the oscillation of the SME was maintain and had no significant trend; while after the middle of
1990s, although there is a hiatus of the global warming, the melting of Arctic sea ice is accelerating, especially after
2007 ,during which Arctic sea ice SME is greatly increased. Besides that,as the time goes by, the significant SME

area expanded anticlockwise from the East Siberia sea to Beaufort Sea-north Canadian Arctic Archipelago gradual-



LI A B 45 AU U v i 4R A B e B 15 v [ R T 4R AR PR AR A 96 2R 117

ly,and expand to the central Arctic at the same time. Correspondingly,the total frequency of Chinese freezing rain
(CFR) is decreasing during the past several decades and also has significant decadal regime shift. The inter-annual
amplitude of the total frequency of CFR was large during 1962—1979,then turned small during 1980— 1996, with
close relation to SST instead of sea ice. After 1997 the total frequency of CFR is at a low stage,but is increasing,
which may mostly be influenced by Arctic sea ice variability. The key area of SST or SIC that influence CFR are
different during different decadal epochs,resulting in certain atmospheric background circulation anomalies. There
is a consistency between the change of CFR and the SME, which means that the decadal regime shift of the Arctic
sea ice may be the cause of the decadal regime shift of Chinese freezing rain.

Key words: freezing rain; seasonal melting sea ice; decadal regime shift; atmospheric circulation anomaly; sea sur-

face temperature



