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Table 1 The statistical characteristic of the lowest sea level pressure in the Arctic (north of 60°N, unit: hPa)

11 2J] 31 45 51 6J] 77 81 9J] 101 114 121
RRME 10033 10027 10079 10068 10064 10065 10026 10022  999.6 999.8 9987  1003.1
R/ME 934.4 945.5 944.8 953.9 968.1 966 972.1 970.9  959.7 9476 9423 9337
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10% {4 961.3 962.8 967.5 977.1 983.2 984.6 985.1 9825 9758 970  967.1 960.2




116

MHEEdy 4345

3 ek TReS AL

3.1 ASC WSA%io

M 1979-2016 4F ASC S 8o i (& 1a) R E, £
B 1 A DK A3 A R A R P L b VKR R R R
PEALER, 3% — 45 B 55 Zhang 259 % b B S0E B9 43T —
e, AE A v g R A BUBE /N TR A BAORB LRI
TR X B A A AR AR BRI - R B 2 U —
0B, e KAB A T4 B2 22 U R O (257 k), i 9 X
Tia] AR b A0 2 fif 28 0BG R U B e 00 R 2 42 S0t P L
5 Al A e ke DX B 9% SR U A L A A A R X R
(52%), 14 1 5 B 7 i in 725 o A7 76 ) K (118
), (R AR v o0 76 1 BB A1, X B DX 52 3/ . ASC
o A DX S LA R R B, KB IX Sk ASC AT £
BNH BB AR B R R E  nE
KRACH AR 5 Ko 1A R R,V XA A b R PG v X
T e NS e o = N P [ B N RS S S = TR ey ]
FA—ZR b 1) 43 A 8 AR X, K SF7 B3 X O A 2 7 )
A5, b g DX BT v A XU i i) 2 vk ) T
W — il

Gy KA Z kA (K 16 ZE le), L KPEFES
A ASCIE 8, JUH B4 F (98 k) Mk %

a W 180° E

80 100 120 140 160 180 200
PR

(83 W) M G IR BH T it 5 0K 5 1 ), 3K P A 229 Bk
TAZIX I 70% () ASC 1 2ly; Jblk h Je X ASC ¥ 2
FEAE TR E S, A WA EASC, (A E
D B i) R SRR P O X — M5 b R OF T ASC
Z T 60°N LLRg H LA VG [ 50 4, 764 22 (45 1K)
I8 El g5 5, T 60°N LAJE Y X3 ASC 16 sl i /D, X 3
A LA 4 75 7 B 8 F K RF 300 X8 355 s A 02, {H
% 38 38 [ 4V W 2 R A 96 A2 T 5 AR X1 ASC
Wb
32 ASCHIAEBEME

g T #E— 255 T ASC B SRIE 5 I T, S8 Ao S {E
ST 3 A ASC il B A 2 T T 07 B 2 TR,
ASC FZEIY A A B Ol b 26 KBk 7R 5 2 A6 R P g
], f5e A AF HE B A BP 21K BH T 0 G A0 A B 0 I, b Ab
BRI i 15 i O | SN T A i N | A N e |
B X A A i, RIS M b A 1) ASC 2 B R IR Z A 2
F, WEA U v 205 J3 IR el i AU A % 2E AR DX iR A S
ikt A R DX PR A 9 D 2 A, A 1T R AT LR
R AL RV AR 2 B H B A AR M TR A
R b = i A 3 e 45 B 1 0 (8] 2a) . ASC IUTH T
o7 B0 32 2 0 A AE R R A6 R B b AR e
DX R PG ¥ B X — 0, G BT A B 25 0 L i R bk

10 20 30 40 S50 60 70 80 90 100
BB

P bk sk 46 B (50°N DAL ) JUas i ik <0 e 8% 43 A1
Fig. 1 Frequency distribution of Arctic super cyclone at high latitudes in the Northern Hemisphere (north of 50°N)

a. 1979-2016 4F LM 30 SE BAREL A, PELT (0 4 {l £k 26 7R 500 hPa UG T4 F 5 b—e. £ (JFM), HZE(AMI), H Z (JAS) FifkZE
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a. The total frequency distribution of Arctic super cyclone from 1979 to 2016, the magenta contour lines indicate the average position of the 500 hPa storm

track; b—e. the distribution of Arctic super cyclone frequencies in winter (JFM), spring (AMJ), summer (JAS) and autumn (OND)
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Fig. 2 Distribution locations of Arctic super cyclone generation (a) and extinction (b), and their relationship with the upper-level jet stream

LI KL (A1) S5 (B 28 2278 300 hPa T35 25 [ KUK T 30 m/s(20 m/s) 1Y 5 25 2 T IX 35k

The red coarse (fine) contours indicate areas of the upper-level jet stream where the mean zonal wind at 300 hPa is greater than 30 m/s (20 m/s)
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Fig. 3 Distribution of formation or extinction position of Arctic super cyclone in different seasons and their relationship with the

upper-level jet stream.
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a—d. The Arctic super cyclone formation positions in winter (JEM), spring (AMJ), summer (JAS) and autumn (OND) from 1979 to 2016, respectively; e-h. the
Arctic super cyclone extinction positions in winter (JEM), spring (AMJ), summer (JAS) and autumn (OND) from 1979 to 2016, respectively. The red contours

represent the areas where the average zonal wind at 300 hPa is greater than 20 m/s

55 A BR AR B8 T 300 IR Bl 1) W B Bl SR W s e S R
HEMAR BN, 0 IR A ZR A0 A ) AR A 3% Y5 R
iR 5 H A T B e, U A R RE 5% B v ) L 7 A
1) ASC i P2 H) TC 1L F 3k — #a #4 (1&] 4a), B ASC &
IRAE T AT Tk 2 AR AR PR 1 A 35, E AN [] B 38
A FEKF ASC AR BRAR fk, 1558 48 2 45 A E
HERTT
AR R X B AR ASC & R D, Hois 2

AT A ASC 1Y 50.52%, Hii X — H Bl fE B i
(71.24%), B K Z (59.54%), Fk Z= He /b (30.6%), iX
bt A A8 O s 1 Ay, 91 1983 AF T 1992 4 )
B A ASC B o3 Wl 2 A TR A 2 A% 5 5 A,
MM 1994 4F | 2003 4 |, 2011 4 A1 2016 4F i & 2= JF A=
ASC &AM AR 1.7 f% . 2.5 4% . 2% A1 1 4% ; Sim-
monds Fll Keay®™ 8 7 [ At vk ¥ 5 25 <E 1 3l 5 Jb ik
X703 vk A 9 22 o AUk 9 H 1 vk 3 Bl ( Sea Ice Extent,
SIE ) $5e A0 H A9 s /1N 5 405 3 JBE RN 25 i) RLBE (1 48 i 2
TEAHSE, 5505 B B MR AR O R K, A XS
TR TR & R AR ASC i &4 A ASC([E] 4b, & 4c)

(R A BB T A i 2 R B, T ASC 7 B AR O i 5
e B B A A0 (& da) VAT 1 38 B 3, (AR X
SRR R, A ar a3 d DL B Ay E]
ASC TEHE Jin, %5 it ] ASC 7E 3 /D (1] 4d, & 4e), Tl i
SEAE SR G H I 2012 4E M i ASCY T 2016 4F 2> JiE
A I i 5 MK R ASCl 2 A B 2k ) SR D K
ASC HH BB IL T 3k — a9

4 ASC HAE M HE S AO BB &

4.1 ASC IRF4FME

H 1979-2016 4F-45 2715 ASC A4 [nl 5 2] K<
B3 DL oy Bt ASC & A & JRe ) 1 1) R A< T O 3
(L S), Wi AR . Al . 500 hPa {35 B
Y K 300 hPa 4 [a] WG K F, Br A 251 A R0 2
Bl AO IE A A I IR i 2 . 4% Z% (JFM) 1 X (60°N LA
A6 H B0 I S, o 8 R D Ay g R S, R X
55 1) 500 hPa {37 3 = 5 B DX R I0 i 56 . v 26 3 A A
JEEIE S, R S 1 W DX H BN X R A A A 0 A B
JOHRAE 5 o AR B 22 Hb X V8 5 R R B 2 5 6, DA



7 T EGE S JU R S ENS s K KRR IR AR AE 119
0 I ! 1=031 " 2=-018 I f f .
K20 | 3=—0.02 | = gi
§ 10 F ==|== || | o | — iy & — 1y II " I o o = e == ! =] = J_ = Jl =] - §§
. 1 oA H i
1980 1985 1990 1995 2000 2005 2010 2015
EAy
12,5 — : : 20— . — —
e T : T
g;g iiﬁ;Mﬂ:g | :%10- . ‘ L L. bl H
—( . ' T —< — —
| sdeil ¥ AR AR AAGHE
25 11 tht B R A TR TR VTRATEATARFAUKRNNTRADE
1980 1990 2000 2010 1980 1990 2000 2010
A4 A4
12,5 — : : : 20— : : :
10.0 d 5%28449* e | ¢ 2 j}?i]* 277008
"§ 75} l l £ T
'E\\( 5.0 == | et whnalvdll §10 — e | e —L — |4 l— |+ .=
Wﬁ HUL Ly | DL wpne jra) = m B =E = RS | A -
23 JIM‘uMMWM IW”‘WI \|W ﬂ‘“m" H‘ﬁ i JLENTEAT: m\|M|Mhhm—ﬁi:iMhHJ& i
1980 1990 2000 2010 1980 1990 2000 2010
FAy Ay

B4 bR R SRS A PR AR fL R AT
Fig.4 The time series and decadal variation trend of the seasonal frequency of Arctic super cyclone
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a. The time series and decadal variation trend of seasonal frequency of Arctic super cyclone; b, c. The time series and decadal variation trends of primary and

external input Arctic super cyclone frequency; d, e. the time series and decadal variation trend of frequency of long-lived ( with the life span over three days)

and short-lived cyclones. The "#" represents the linear trend of frequency, unit: time/decade. The

linear trends are marked by "*
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Fig. 5 Regression characteristics of atmospheric circulation of Arctic super cyclone
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a—d. The normalized frequency sequences of Arctic super cyclone in winter (JFM), spring (AMJ), summer (JAS) and autumn(OND) regress to the sea level

04 02

0

0.2 0.4 0.6 0.8 1.0

pressure (SLP); e-h. 2 m temperature; i-1. 500 hPa geopotential height; m—p. 300 hPa zonal wind. The black contours show the mean zonal wind and the dotted

areas indicate that the regression coefficient have passed the 95% significance test
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Fig. 6 The relationship between the Arctic Oscillation (AO) index and the Arctic super cyclone (ASC) frequency
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a. The AO index and the ASC frequency normalized time series (line) and sliding correlation coefficient (bar) from 1979 to 2016, the sliding correlation coeffi-
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cient are marked by dark blue if significant at the 95%-level; b-e. the AO index (red solid line) and the ASC frequency (blue dashed line) normalized time series

in different season
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Table 2 The correlation coefficient between frequency of Arctic super cyclones/ordinary cyclone and Arctic Oscillation index in the

same period
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Abstract: The extreme cyclones in the Arctic can reflect the characteristics of climate change in the Arctic and
have important influence on the regulation of hydrometeorological elements in the Arctic. The characteristics of
their activities and atmospheric circulation situation deserve attention. Using the daily reanalysis data provided by
National Centers for Environmental Prediction and the National Center for Atmospheric Research (NCEP/NCAR)
defines the Arctic Super Cyclone (ASC) processes. Then analyze the activity characteristics of the ASCs and their
atmospheric circulation characteristics based on the NCEP/NCAR reanalysis data of the National Snow and Ice
Data Center (NSIDC). The results show that the 5% threshold of the minimum pressure in the Arctic for identifying

ASCs have a significant unimodal seasonal variation characteristic that is low in winter and high in summer, which
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means the intensity of ASC in winter is much stronger than that in summer. Most of the ASCs are imported from the
Atlantic sector to the polar region via the Nordic Sea, Barents Sea and the Kara Sea. Besides, a small part of the
ASCs are imported from the original or Pacific sector. Most ASCs are generated on the north side of the jet axis or
outlet area of the jet stream on two oceans. A minimal number of ASCs are generated in the continent or the middle
and low latitudes. And the vast majority of ASCs disappear in the polar region and cannot return to the middle latit-
udes. The frequency of polar native ASC accounted for about one-third of the total, and there was no significant
trend of increase or decrease overall. However, the frequency of long-life ASCs increased with a 0.49 times/decade
trend, indicating their duration increased. There is a strong correlation between ASCs frequency and the Arctic Os-
cillation (AO) in winter. There are low-temperature and low-pressure anomalies in the polar region of the regres-
sion of the atmospheric circulation pattern. The upper polar vortex deepens and the two ocean jets turn northward,
while the central axis of the mid-latitude jet stream is weak. The formation and development of ASCs are not only
conducive to the transition of AO to the positive phase, but also conducive to the enhancement of ASC activity un-

der the positive phase of AO, which is a potential indicator of AO phase change.

Key words: Arctic super cyclone; extreme weather process; Arctic Oscillation
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