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Extended range circulation anomalies of the winter Persistent

Extreme Cold Events in northern Xinjiang

Liyun Ma!, Ping Chen', Jinggao Hu,? Jungiang Yao', Weiyi Mao'
(1. Institute of Desert Meteorology, China Meteorological Administration, Urumgi 830002, China
2.Key Laboratory of Meteorological Disaster, Ministry of Education(KLME)/Joint International
Research Laboratory of Climate and Environment Change (ILCEC)/Collaborative Innovation
Center on Forecast and Evaluation of Meteorological Disasters (CIC-FEMD), Nanjing University

of Information Science & Technology, Nanjing 210044, China)

Abstract: In this paper, the daily station observational datasets from the National Climate Center
and NCEP/NCAR reanalysis datasets during 1951-2019 were used to analyzes the temporal and
spatial distribution of the persistent extremely cold events (PECE) in northern Xinjiang, and to
discuss the role of the stratosphere and troposphere during the occurrence and development of
PECE events. The results show that on the interdecadal scale, the frequency of PECE in northern
Xinjiang peaked in the 1960s, and gradually decreased since that time, which means that the
frequency of the PECE in northern Xinjiang is decreasing. In terms of spatial distribution, the
center of both the frequency of PECE and the intensity of cold air locates along the Irtysh River
Basin. During the development of PECE, both the stratospheric and tropospheric circulations have
adjusted. In the extension stage, 25 days before the outbreak of the event, the polar vortex ( 30 °
E-120 © E ) in the stratosphere began to change from strong to weak ( Eurasian weak polar vortex
type ). The planetary wave is dispersed downstream, and the southeastern branch wave train
carries energy and affects the northern part of Xinjiang. The tropospheric polar vortex then also
showed signs of weakening, with cold air splitting southwards. After that, it entered a temporary
stage. The cold air from the Arctic accumulated in front of the high-pressure ridge of the Ural
Mountains, which was conducive to the strengthening and maintenance of the large inclined ridge.
Meanwhile, the cold air at the surface formed an accumulation in the Central Siberia. Finally,

accompanied by the strongly developed Siberian high pressure, the large tropospheric trough and
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inclined ridge lead the cold air to the south, which affected northern Xinjiang three days later.
Key words: Northern Xinjiang, Persistent extremely cold events, Critical circulation system,

Stratosphere-troposphere interaction
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TEABRARETS 550 T, MR X IR I 8 Oy A BTS8P (5 2 A, 1 — IR JERRTBOR 7
AW TS AL R 2 3 B VY 2= B EE 22 9 K < (Mo et al., 2012; Smith et al., 2019)
20 42 90 FEARAK LASK, K ATERIN KR 1) A& R FE 78 SR AR N, 55 BElRm, dbopek
HP e 2 K A 2B b TR S th 52 457435 (Francis et al., 2017; Overland and Wang, 2018; Cohen
etal.,, 2020). MMEH E X, AR TR Rra Pk IR S0k R R L 3R B A [F s X
HENFRABWFFIE (Zhou et al., 2016; Z=MHEESE, 2018) . 21 40 UG I RREL M 3 K IR
HI 2 (XIPESE, 2016); 20 T2 90 SEARLLAT A ALK 3w IR 208253, 90 A LUR BT
BN CRE BRI R, 2017; 28 s, 2018) 5 P JLAI 7 e 0 S B L RS [RDRR R (R 000K B8 (A
AT 20110 HIERFERIIC R R RO D (ARMTAE, 2015; T/RAR, 2019), {HIR
Ui A FEAE ARSI T A B A (BRBEEE, 202205 AT 4M b, A3l X SEMARTCA &3
BT (VI 245, 2018; REIEEAYEE, 2020), HRAM X IR /A S0 1 AL TE 2SR (R
FEE, 2022) . HIEIBIETR A FTAR, FEE00 TG B AR 3S8E . AR RAIA
BRI 77 22 A3 BRI B SE A2 8, 2008 4E R T RAEVKIG N T H4F, RRE &, 2ok
FEE, Sl H I RN, WEAE AT T % RS s R R 78, 325
DIE A TR PR AL E S RE (T 0%, 2008; AFFIRAESE, 2008; 2000 N5, 2008; T Helfss,
2013, 5 HEFUTHRE, 2021).

WA IR R 1 R AR 5 R SRR 34 B DA G, KA R R AR ARG B 25
(Zhou et al., 2016), ViR &L SR/RKIA . ZRILIHE. Wit 5 50105 550 i H 4
FERRA R OREES, 2009, B, 2021, /MR F AL 5 Be A 755
IR (HIEBI4E, 2012; Nath and Chen, 2014, 2016; Z=K1I4%, 2020; Xu and Liang, 2020).
2008 B 7 UKVR Y S FAF (K KRRIE R TS FIRp st X 5@ AE xR, HF
M IR R B AT AE S AR 51 22 (0 B, N IXO T M T8, e Fi e SO K
0 R S AR R IR S F (extensive and persistent extreme cold events, fij#% EPECE), it

177 KREWF (RIS 2008; 3254 PNEE, 2017, 2019; 4= KAI{EZEE, 2019; 3
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FESEAE, 2020). AHEFURIL EPECE [H1 2500 R4 % 9 — MU WO KRG RBURVE, %R
BN R L 1) A AE A 2 DUINZRIIX, S fa)# RE Tak 60 N22E (Bueh et al., 2011; Afi Al
BB, 2018).

BERFAF IO RFERMEARFAE, A5 I E E gt — D B AR, i B
WRLE L N e R G R, S XRE AONAO M A= AE M (Sun et al., 2016;
Kretschmer et al., 2018, {3145 b ] P8 {11 I F. fei PR 48 55 o o] B8 HARR S Jnige DA B 2R SE KRBT 7 A
VEFIINRAT 5%, A0 FE W0 3 B b bt DX A AR5 . Nath 85 (20160 7ERIF TS Hik KB
AT SF 5 DL R AT R 2 i R AT BRI 1 R AR RAR RS, S R 2 BN S S E
Y FE R K 78 358 A B AR 25 SR v [ ) o g st DX R B 1 38 R A%, SRS T ALK
A5 47 R L AR BELE e P IR, AT T 2008 4F 1 H 3 Fg 7 FR A 2 S0 KT
FURK (Nathetal,, 2014). UL, “FREFRRSRE . FE- XA TR I R e R st
WA IR P AR S U B — DR R

R 8 R o U, A X A A PRI G 553 1) [X S S O 3 oz - I pe bt
X, HusalfE, MR AR R, REERPIR, [ARREPR. Houmdas TR
FENE B s KRR FEMRAZ — (TTE%%, 2018), HARAMRE, WA= AiSReaE R
WAL E R H AR R AR IR B2 5, L dbiE &g im b X L 1L
X 25 R IR SRR E £ (TR RPE4E, 2020). BT BRI IE It , — &0
5% B HTIERIANME], SRR RO Y SR R EHEE (2009) MHT T IS A N RRAE
PEFEIRARIZURSIVE R, FEREEREE (2016) tHiS T4 BREET FERI HAF AR . A WA
AT (2011) MUK BLE AL PSR R T B B, AR T4 SR AR . 2Rl (2012)
WG T S B R, ShUR I SR IR, ROEIRRZ PN ss, 78 vi A AR
T PR R, R G B3 B804 2 AUR B R (FRAISE, 20115 IAIACSE, 2013; 2FAIE4E, 2015).
BEANEA —HB 5 W I T S 0 UL . FEREZRAE (2010) Grik23# 1 503 i 10 3 2R
B, S RNERINA S, SIlE, A BRI PR AR PRI Y. kR4 (2015) [ARE
ST T RIS = RINRAY, BRURILKER, ROME R, MEUCH R RIEI. XUk
%5 (2018) WEFT T HiseE K R R SEWIARIR 5 5 R Ll 35 1 R R R B UIAR O

FUAE R, B AW TR L T 98 i e HA e B IR 1 S Y, BV R ) i A )
TR R, ARV SRR R) AR A% BRI 2 (B AR XS 6k =, 0 AR . 1)
i PR s PR AR IR A o BRI AR St it 2 W s SR SRAL AR S B IR A, R G

XL BEARFRE . M E R Ry, PR AT G PR R R SRR R
4
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EMREFAE o 7345 SR B T B A8 R S AR T SR IO BB L 32 xR AR T
ARV, TRV BB E— 25 P 3L 2 -6 U2 AR ELAE P R £ DX AR i U SR i AR i R
IR

2 BERLEHE
2.1 B HER
ASCHTABERMLEE: (1) P E AR R EE RS, 8 7 E 824 NEEME, FEA
ARl R H B - B2 1951 £ DR BURHIE SR, ASCIEBOHsEAL A CR 1L B,
BI43° N PAJE) 3 it 32 3. (2) NCEP/NCAR H-F#IF okl SRS AT, K
Y PSR B, KPR N 2.5° X2.5° , FHJ7 N 1000-10 hPa 3t 17 )2,
ARLAZERNYF 12 HVIRE T AR 2 AT E BRHCEE Y 1951-2019 4 (Kalnay et al., 1996).
2.2 JLEBRF SR IR R E S B X
SEAMEE (2018) MBS (2018) X Akum FAFIIE X7k, ARSON b iiRe S
PEMIARIR FF 4 (persistent extreme cold events, {&#% PECE) #ET 7 X:
(D HE s m AR BME TR, SR H TS 2 H3t 5 H=R
FH, 133 AMEEARCN 5 H X 69 4£=345 HIRIBFS, KTt FEHE ],
B 10 N B AN D912t 24 H I& B i (R 1) B -
(2> R S AR T AR L8 DX 30 38 3 2% 1 ) sl e B0 2 922 X 3 i B
50%, Mz HAbsE AR T BRI A
(3) kst ACER AR IRIRFE I H80L 5 HALLE CGETRIRE H 4
N 4.6 KD, WITHE N IAF IR IR . 2 U — H IR B
AR H SRR Y, RSB E R H B H O E H .
MAs LR FUERE, 7R 19512019 £ 69 N4&Z=rh, 34 31 Yk PECE FH AL GR 1D,

R 119512019 FE4Z= 058 31 X PECE HAFIITAR HI Wede F0). Smavi . i (A A e o
Table 1 The onset date, peak date, influence range, duration and process intensity of 31 winter PECE events from

1951 to 2019

Fes JHREN EEH EE R KR A RS/ C

1 1959-01-08 1959-01-09 25 8 -27.15

2 1959-12-19  1959-12-22 26 6 -28.76
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1976-12-25
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1978-02-07

1980-02-02

1981-01-24

1984-01-26

1984-12-27

1988-02-13
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1996-01-14

1998-01-18
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2006-01-05
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-28.62

-26.79

-27.87

-25.79

-26.98

-29.53

-28.91

-26.77

-28.1

-30.95

-28.83

-27.91

-30.09

-29.67

-27.24

-27.35

-25.62

-28.08

-26.74

-29.86

-28.94

-26.57

-26.47

-27.06

-28.3

-27.03

-29.11



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150
151

152

153

154

155

156

157

31  2012-01-19 2012-01-20 27 6 -27.1

2.3 FEH
N T EERIA PECE KAEK IR, BRI RGERIEE, A SCKA ] E8 5%
(2010) 7RI R G AT T EUE ) HIRECR IR RAE RGHAR TS . 5 A 3RS
Bt BT, ASCRA R TESN 1575 CE O, 8o e SCE™i%, TEAEES
& EHNAE (20100,
FAMEE (20100 4, MG RGEHMHARTEE SO « H ARG ELS R
X Q LIS DRI (K 1 25 B LA —9k PECE i B8 22 Ge A 78 4 AL v s
ARG AHE L LA RIOREED, EEHERX Q Wik ERIEZH Q WS, EARE
LS X ) £ BRI AL Q W AnRon s ¢ IR Q WA mEE CRURMED, &
FESRE Py 22 (JE22) An)- f,7E D) LRYHIBUINBCE- 248 s O B A, gt Ao
XL E Sy O AL E . #RIRYS T PECE JARIFIE HIRIEEL S, Py (Ao do)s FHLABFFSE
S R GEE AR AR S R . RYEIX — T, BREESE (2009) Xf 2008 4R [ /7 VKR T 25 K
FHRBEINR AR BT T S5 (2021) AFFT 7 2010 8T sEF S AR o P 55
(R RIRE S o

T T e
30°E 60°E 90°E 120°E 150°E

Bl 1 55— PECE WfH H 5 %8 R 408 H RIS L fo CRESL) AHERX Q CRERELAH]
[X) £74 K (a) 100 hPa Hidf, (1628 dagpm) , Q (20°N BAL) , Wi H AT 30 H-iAi H 5 30 H; (b) 1000
hPa PH{FFIE & Ff, (260 gpm) , Q (40-140°E, 25-75°N) , WEfH F T 20 H-14(H H 5 20 H
Fig.1 The daily characteristic contour f;(solid black line) and search area Q (encircled by the black dotted
line) of the key system before and after the first PECE peak day: (a) 100 hPa polar vortex f, (1628 dagpm) ),
Q(north of 20°N), 30 days before the peak to 30 days after the peak; (b) Siberian high f;(260 gpm), (40-140°E,

25-75 °N), 20 days before the peak to 20 days after the peak

7
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2.4 LWiTE

AL 31 RFEREAE B OEAER , X PECE FH1ERT G £ B NIRRT A AT, BT

TP SRR AR E, ACSCHERE b 0d R H, —nd/nd R EME H T
U5 Hn R, tKIRIAIEA S R0 5 K.

ARSCRIFHERT CRiTfS D ARG HT, & BHFFTIRE . SHRZE & OB IR 2 45 5 i T U
RIAH R FR o HET B 55 FE 25 DA SR AL R IR F e O AT 2 o [, Sr iR 2 00 R
45 S H R E CAIL (critical systems anomaly index), PLH N, SHRHRERR S FHEZEH
VIR R o SRR I 5% $5 50 PAT (polar anomaly index ) 1 Ay SiEAeh S 9 00 50 P2 A8 A4 (4
S RARbR . HIEBIE AR R TIR, LIRS ERIE 15 YOS R IR TR EUT A (T
DX AR 5k FE AR AL p A b B AR R &) HEAT 2 0 [N, PRIEFRI AR BRI BUT 5 AT R .
Horh 15 YO RN BRE IS 1. 3. 5 SR HGd R . UG R BN )Y 8 H AT 30 H F
EHE30 H, 60 H.

A CH)H Takaya Fl Nakamura (2001) & SCIHEEL 264 R 1) = 4Ep0@ & > 5 PECE
FOR iR 2 s sl i, Rk R

Uw,l-ww) +V (v, —vw,)
W=m Uy, —v v, ) +V ) -vy,,) (D
2
N_OZ[U W~V W) +V (= w vy |

Hrpu=U,v) RN &F U . t//':?—, H O9fids,  f, ARIRSH, 2R

0

PECE I [H) v My It s 8O N & Z U 8. N2 A ita e FES 4L
3 JtEAZE PECE M3 AR

SRR TE R 9L A TR R S AR I I A A ARCRFAE , %o HLB 28 o0 A AT T 4007 . A
IR RE (R 1D, 20 thad 60 4XALEE PECE RAEMIEZ, SHEHTE FEH 35%, Uk
J& PECE i&#ii/l>, 70-80 AFARIMKAH M & 15 15%, 90 44X %4 PECE #E—Byb, U5
SRR 10%. X H A 3 ATHEAT S00T o EHIE] 2a AT 0, T EBATRIRE SRS 2 ALA R RE ) 2045
A F O AL BTN R LY LR, 5 2 MEABAAS: Sab MR ot Ik 0 0 11 A1 B R I A B AR 22 1 o
WIS GEBE MAS (B 2b). BT SN iR AR e, 25 H 1951-2019 LSRR I
WA AT (B 200, ATUAE B, HURFFHNA ISR B A R iR m R X, AR R i o

X B TR AR EL R 5, BRAMNER SR TR ORI — 2 2 iR s AR AR
8
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BErg Xk, KIEIL5E PECE 1 X hrvk, Bkikt 31 Xk PECE FE (£ 1), K 31 IkFE M
IR S kAT S i (B 2d), ATULE RIS Y, JbiE) L4 XH8 20 B 1%
S, Hrp YA S KA AR AR AR HE BLAE BUR S ] i — 2k

(a) YRR (b) BRI R A

45°N - 45°N

20°N 40°N =

35N T T 35N T T
TO°E. BOE 50°E 100°E T0°E 80°F 90°E 100°E

20 -185 -17 -155 14 <125 -1 95 B8 65 5 35 2 34 32 3¢ 26 25 24 22 B¢ -1 16 -14 .12 10

() AR IGL TR (d) PECEIR IR 5k

50°N 50°N

TOE 80°E 80°E 100°E TOE 100°E

100 120 146 160 180 200 220 240 260 260 300 44 13 42 141 10 9 8 7 6 5 4 3 =

P2 1951-2019 4E4ZFE (a) BB RS (o) HsEfemiCRBIE > 10 25 AN ST (o
JESERCm ARSI (d) JL3E 31 Yk PECE M REIRFE % G, 3T 0B 99% & E MR 25 )y b sstul i
oA
Fig. 2 The distribution of (a) the climatological surface air temperature (SAT) and (b) extremely low temperature
threshold in Xinjiang province, and (c) the frequency of extremely low temperature and (d) SAT anomalies
composited for 31 PECE cases in northern Xinjiang in the winter during 1951-2019. Asterisks in (a-b) and (c-d)
are the station distributions in Xinjiang and northern Xinjiang, respectively. Dotted areas mark the 95% confidence

level.

4 Jt5& PECE X ERE R AR FRHE
4.1 AR LR E

ARIF TR AR X 17 BRI KR s v o<, FEPEAR R G IX HERR (4 7R 4%, 2020; =
P EAUESR, 2021) . N SOk XHLEE PECE KA K @i FEr, PHAR R &5 I 57 A8 1
BEATVEAN 0 AT, IRFUP AR SCHE X [T 74 5 TRV AR AE 5 ¥4 2 U AR R I K AR .

K 3 s AL g8 31 Yk PECE JIAN 1 U S R W 7 ) & B A2 . AT AFE 3, PECE I
EHAT 15 H (& 3a), FAARE &KL IR e, & kO fEA 1040 hPa, &
FR MG MBS RS, W HAT 11 HE 7 H (B 3b, o), JESH/RILIESFZ
W R AN AR X, PR R R B — U358, dhCMEIA E] 1050 hPa; Fi4(H H
i3 H (K 3d), mEIEREERRmg, JFmy 2REH & R PECE K A4:#E (&

9



208

209

210

211
212
213
214
215
216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

3¢), Mk IEAHRFSAERF, Hi N ERER T, EHRE s BAE
M e 5 XA, HARFE R KA T Fgil % % PECE J5 4 H (I8 36), PH{HAIE
JerbrC R YRR S, R XA, SRS, MNRIBETHERE RS K.

{a)-15d

75°N—>'. i W
= A

.........

= T — T T
°E 3 ° °E ol o 2001 rE
[

1 |
-20 -16 12 -8 4 0 4 8 12 16 20
P 3 Jbs# 31 X PECE #-FIISE (ZHZL, 9B47: hPa) NIEFIHASERE T () W& RED
T 95% BEMRKI. —nd (nd) FREHEHF U5) Hn K, FH

Fig. 3 The composite evolution of sea level pressure (contour, unit: hPa ) and its anomaly (shading) for 31 PECE
cases in northern Xinjiang from 15 days preceding to 7 days after the peak date. Dotted area is more than 95%

significance test.

FRBFFRY, PECE WEHAT, /Rl — RIE IR IE R CARY R 2
ARSI X, S99 DA R0 o T 2 35 3 580 Ay 1 58 S AP I P AP R IE 75 [ 55 PECE SR 56
A, K (25-75°N, 40-140° ED DXl oy PR A i [ 1) 2 BRE s X8 (& 1), XU
HATJE 20 H PRI PEARIE @ R R G BT 2O SR PRRR 2, T &AM
PECE S/FINEERIKR .

4 g5 T AR S0 o AR AE S5 (E 2 AN L S AN R B I (AR 51 . ] 4a TR,
FEHELRTE PECE WRMEHAT 15 HE 9 H, —BEALF IUI/RMI- /RS —Hi: %2 PECE W fH
HAET 7 B, RS AL EREYK, HALGMAIAB BN 50° N AL 70° N 24 #
PRERT 7 &3 H, IS4 PI % 80° B RBE 50° E, ZULKHIESHE L H Y s —
SEFRIE, ¥ EHEIRGE, R U SO VORI R R R SR . X5 VAR R e S T
BHRECH AR AR (B 4b), FTLAVER], W T 10 AP e R ARTEREE K, =
3 HEAIA 2R K, S T A E WD TR o o R 2 S T AR R BB LT 2 R
LAY, RN = R AERFARIG 58, M H Al 3 kBB T H AR e
AL E TR UE S, WA HET 5 HIFM, mkd0 eI aniideEg K, LU rEs
U, e FEF 43 16 R R El R O A TR B (R AR DG (L3R 20, mr BAE— B g B
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ERER, SRR P ATIRL 0-8 REAAAEE B IIUHEE, ISR RAE Pl
JZ 3 HI kB E o PEAARIE s AR S A B AR BARIRAE . R O T4 ¢
HEHTIELE 5-10 RN GUHR, FHIEAGERZE K, KRR oML, BE
B NRC, BRI A A RURSE, REEREC. S5 BT A, BEAPEAA R R AR AR R OR H
OFRS, JEIAERE R, AT AL PECE R4, XK RMIEAT 8 RYERFE & .

(b)
90°N 1
08- —=—"
D _._S
75°NA 1 Lat
0.4-|
80°N -] 1
0.0
45N ] )‘*\m
0.4
30°N - 047
15°N~ O-Bi
T T T LA e By e B B LA B R
30°E 60°E 90°E 120°E 150°E 5 10 5 0 s 10 11

] 4 Jb5E 31 X PECE WREFMAFITSE (a) FESEL G RIEL (A7 gpm) (b) 58 P HAR S, H
O BEIHESGE & &R (SAEfe, A28 D
Fig. 4 (a) The distribution of the characteristic contour (unit: gpm) and (b) the temporal evolution of standardized
intensity P, area S, and latitude ¢ of the central position of Siberian High composite for the 31 PECE cases from 15
days preceding to 14 days after the peak date (standardized, unit is 1).

% 2 JbEE 31 R PECE PRI L@ RS 4 CEAEIREE Py AR S MO A B ¢). SH/RILBREEFE S U B HT
WOTHR S ¢ FIAHSR (rps rss Tes tue)s
IR ISR RECEE T 99% R E MR, B AR ARURAE
Table 2 The correlation coefficients of the Siberian high parameters (including intensityP, area S, and central
latitude ¢) and Ural high intensity index U leading the SAT in 31 PECE events. The Bolds indicates that the
correlation coefficient has passed the 99% significance test. Asterisk represent the maximum value of the

confidence coefficients in each line of the table.

10 9 8 7 6 5 4 3 2 1 0

ree - -0.03 -0.23 -0.43 -0.61 -0.75  -0.84 -0.91 -0.94* -0.94 -0.87  -0.71
rse  -0.06 -0.27  -050 -0.68 -0.80 -0.88 -093 -0.95*% -0.92 -0.83 -0.68
rge -0.54% -0.52 -0.52 -0.51 -047  -0.43 -0.33 -0.22 0.001 0.26 0.42%*

rue  -0.37 -0.49 -0.60 -0.68 -0.75 -0.83 -0.91 -0.92* -0.86 -0.74  -0.56

42 BR/RIEEE

ESCHE9E TR PECE (I S6HE R4 PERIE BRI S50, SRR o
S S RS T L. 18 5 H9L3H 31 2 PECE H1i6], 500 hPa {3 B4/ B IS 2 50 4
ARIFE. 1 5a AT, PECE WS AT 13 H, B S Mins A e, A

B IR R R, LUUUIZRIE b i L 3 R — ELIE A R K PECE WA H iy
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e 2 F PG AF RS AL 000 F) 2R - P R e e A, R 34 e LD A% 42 DU ZR M 55 E/R e AT
W, R A O DX A — 2R VA e e R (R AR ST, of R SR B IX 1 K B8 2 SAE AP
AT R AR X HERR (P Sb-c, B 3b-c); EHMRAM 3 H, mEEME4EFATHE
KRBT e, BRI CHEMEEIT 100 NEEE, M BRI AEAE (2008) FEHARHY
R bR, UL R RO B A s, MBI (B 5d); PECE W], KA
R RIEYERPZAS, 0 NGNS 50, VAR & H 851 v 2 Uk m) 2R B 77 1m0 97 e (& Se, &
3e), MfFAFANRLETIL, SRR . HE RBRHE RS (8 50, <
TR E, RS RN L EEA 2  9 FEE HAH N k55 o

BE— B BURPE R AR, Bz X A 34 i BE R P DA XS~ T B — e R 9B S a8,
SIREHATRISE T, BT A R4 PECE IIHISEER, MK 2 5 4170, AR
ARl 9 H B 55 EAAE L2 1 USR5, SR WIHT ] 5 B R Gk, 5 1 [ Tk SR
R —R AR EIRAT 3 A 2R 4 .

(a)-13d (b)-11d (¢)-7d

90°E 120°E |5|“E ‘3 E‘ ‘ ED?E ‘ TD“E ‘ ‘120°E‘ ‘ 15‘“E 30°E 60°E
-100 -80 -60 -40 -20 0 20 40 60 80 100
K5 JL3E 31 X PECE G HHT 500hPa Az 3w B (SEAE L, Hfr: gpm) MHEEF (M) HiEA
T s ed 95% 4 35 MG 36 F) X 35K
Fig. 5 As in Fig. 3, but for geoptential height and its anomaly at 500 hPa

W1 _E3CRIH, PECE IR (A8 St T b A A = I R Gt XHiL= PR S 4 /R Lh-pa e
MK ARSRAG R B DI, —F AT LI N2 PECE RAEK RIIRUZE R R 5. -
SCPRRIUT I R ATUE R, ERPII VR SERERINERR (R 2), ABE MR
ELM, B DIERNA RS SR EROVE DI S, BV AR S S AR S 5
RPA R AR SR TR E UL R 2 ek B 0592, S+ PSR SOk @ 07 4 2=k 58 PECE
A Z R B R G5 1a 8 (CAD, BAARTEN 2.4, AT
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CAI=-0.069 - 0.083XS - 0.027 XU (2)
XHUZ CAL FILAE BALRAL PECE 2 i Z R R G HIIEAS, 1 SCOR LAt
fRECYAIH, $RFT PECE MR AT E SRR RS2 A A

5 Jt5# PECE K FRERE RS R HRIE
5.1 Vi = Wi

N T ESHE PECE P2 SHRAEIR S H R MR R, T 0K HXHE R R
Gi 5 W AR EORFIRZ 100 hPa AR 2R SRR I 48 0 I RN ASREA T El 23T o AESPIRL S ARIR 2
P TR IE R A& R e, % R H X DX Sl Ay AR RO RE WAL, i A T A 2 SR UK A
W X[ J51% (Frauenfeld ang Davis, 2003). AN T35 AEAIH AR VG, A SO# AL 38
PECE 12 100hPa MR EAT & AT, WLEENT U e BBt U (AR 4 [X e B, 4k
XF PECE i 2 i 2% X A ) 57t 5 VAR #EATHR 9T . &1 6 4 th 1 IL3H 31 ¥k PECE MIA), ~FiR)=
100 hPa o7 %5 5 5 J 3 e 1 17 ) RS

FAE S|, PECE KAHT 19 HAERT 7 H, ¥l bL2sif EA A s 5w ke, Hb
FARRPEVE B2 LRI AR IE B i 3 v b, HSUORFE PECE RZERT 11
HOZBONE# . PECE KART 3 H, #i i o A7 O ia w2, Manass
O AR SINsR RS, LM I 22 5 b DL IR IR R B2 0 A — 59 I IE SO b R
P R 2 PR (- +-+7), RBEKRIA (50° N LALD —23 X, 43 Atk 1
X (30° B-120° BE), & 11 X (120° B-150°W), #&i& T X (150° W-60°W), iR IV
[X (60° W-30°E). *fPUANXIKIHRIBHEAT 2R, IRt TR mBEREA b o g
FRELITHE.
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Fig. 6 As in Fig. 5, but at 100 hPa

F 5 X AR PR F e B0 AT TR BRI AR OC (AR 3) FIOL, T XA i 57 i 2 S5
JEARA OB, Hh R p 5rh O EIREL @ SIREMASORR, TERLMIIKIRE
N, TARTRE s S5 M0 IR P2 1 S5 35 IR A G P ad 8 TR o 3R Wb S T FE AR A 1Ay e ] T
IBSEAR, BOSIARIPERSS . YEEIEOR . oo R, S5 IR RS . AT, EIERI A
T DX AR R A DS F 5508 v — S (A A RAR A PAT, 25 RR SB[ 2R, IRBUGREZIE M p 5
o BARE &, FIF 2 e ERARE S, WS

PAI=-0.123 + 0.179X p+ 0.18 X & 2)

Horp, TR BATE YL 15 K PECE HHATHER, 05K L 5 M e fE AT iy
MBI A AT, FTLAES] (R 35 1817) B EEMIMKIRTEAE B3 IEARSS, Hhrrif
JZ PAIL $EHTIGRE 13 HIN, AHRRRIERIER RN 0.63. ARELHIH] ARG R AR PECE
BEAT RAT G, R RORAFAE 3 IEAHDC, ST 14 IR, MSCRBERN 074 (R 3
5519470 IX R, T-iALZ PALFESE YIS & 2= 1L 58 PECE i et i il BAT — & Tl Lo

5 BRI RPPIR R NG R g S TENR EE RN SR (R 3 56 184 1917), BONRE RS
b T FRO I TRD IR 96 R SE MR AT (R 2 26 5. 647D, BULA BLIN PECE KAERT, “FRZEMR
SEAT IR, TR XNRE I REE 2 AR . SO AR SR X — BRI R - R R i R

%3 Jbi# 31 7K PECE A2 100 hPa AN/ 7> XA S8 (BAESREE p. WA s ARG EBE @) B AT iR 2
KRR R, LSAER 15 YOG 5 1650 PAT BT TR B2 2R R AR I HIAH SR (Rers Res) &
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Table 3 The correlation coefficients of 100-hPa polar vortex parameters (including intensity p, area s, and central
latitude ¢) leading surface air temperature in the 31 PECE cases in northern Xinjiang and any 15 times of
stratospheric polar vortex anomaly index PAI leading surface air temperature and residual test. Bold means the

value exceeding 95% confidence level.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Himl X
Ipt 0.35 0.33 0.31 0.30 0.30 0.26 0.25 0.24 0.20 0.15 0.11 0.10 0.08 0.04 -0.01  -0.11
I'st 0.25 0.18 0.08 -0.01  -0.09 -015 -0.21 -025 -031 -039 -048 -054 -059 -063 -0.63 -0.61
ror 0.03 0.13 0.23 0.35 0.43 0.47 0.50 0.55 0.59 0.65 0.7 0.73 0.73 0.70 0.63 0.52
Him 1l X
Ipt -0.13 -0.20 -0.23 -0.24 -0.22 -0.10  -0.007  0.09 0.15 0.17 0.19 0.19 0.18 0.14 0.11 0.09
I'st 0.04 -0.04 -0.11 -0.19  -0.25 -0.22 -0.20 -0.15 -0.15  -0.15 -0.13 -0.09 -0.01  0.06 0.12 0.17
ror <023 -0.17 -0.10 -0.03  0.01 -0.02  -0.07 -0.13 -0.17  -0.19 -022 -025 -029 -0.31 -030 -0.29
Him I X
Ipt -029 -0.24 -0.17 -0.10 -0.06 -0.06 -0.10 -0.16  -0.22 -029 -036 -040 -039 -034 -027 -0.22
I'st 0.26 0.21 0.15 0.09 0.005 -013 -0.24 -0.37 -046 -048 -047 -041 -034 -027 -020 -0.19
ror  -026  -0.25 -0.21 -0.16  -0.09 -0.05 -0.03 -0.02 -001 -003 -007 -0.11 -013 -017 022 -0.27
iR IV X
Ipt -0.37  -0.44 -0.49 -0.53 -0.54 -051 -0.47 -039  -0.29 -0.17 -0.07 0.01 0.09 0.15 0.17 0.17
I'st 0.17 0.08 -0.01 -0.12 -0.18 -016 -0.11 -0.03  0.07 0.16 0.21 0.23 0.26 0.28 0.28 0.30
ror -0.03  0.05 0.11 0.17 0.20 0.19 0.13 0.03 -0.05 -0.12  -0.16 -021 -0.27 -033 -0.39 -0.46
iRl X
Rer 059 0.62 0.63*  0.62 0.58 0.55 0.53 0.48 0.40 0.30 0.20 0.11 0.01 -0.08 -020 -0.31

Res  0.73 0.74*  0.72 0.66 0.58 0.48 0.36 0.25 0.14 0.04 -0.03  -0.11 -0.21  -0.31 -0.38  -0.43

5.2 FRZE-MRE LR

B 7 25 Y TR R B R G W TR E CAL 5P 2 25 X AR PR AR 207 PECE 1318
I (E)AS . AT A 2], XHAE CAL AR 512 1 IX AR i BE AR A A RS 3
X T A i 5 P PR S i 95 - SRR 3S - 1B TR, WHUZ CAL Bl 2 R 5 3 i K-
SURIEE K- PR o R R JZ R TR AR AR G A M) IV e s 265 0 - 4 e A - A 0 A 12
Xt PECE IdRE b & 22 R IR K-8 . 3B Uil PECE i A2 PPt )= Mk A=
T B REE, BB SRR E DI, WE 7 RETLE R, SFRERIR RS
AL EWGEAT T XZ R R G, RSO AR A R AR
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Fig. 7 The temporal evolution of the circulation index of the 100-hPa polar vortex and the CAI of the key

tropospheric system abnormal index composite for the 31 PECE cases in northern Xinjiang

AT EERMNEE PECE 2R MBI F R, B8 4 T XK IR
AR A AEFER 65° N BLALALE e 5 57 (K DA X 80P S84 i SRR TOURE 5 )% PCH (polar
cap height, kim et al, 2014), FUARIEMRIRIREE, 1ERHEARARENIRMSS, %4 H PECE IE{H
HT 40 HZEWEE H )5 10 H PCH HI B - 18] 5 i A2 . 1 8 WML, PECE W{H H i 25
H, “FRENRmE eI MG EE . REEHAT 20 I, A2 im i H i 1 82 riiRim
59 BEEEME H L, i)z S E B 8K, B H 24, PR RZEZEXRZ
AHERERZE SRR, EEH 5 FRZENGRITGER S, SR ZE R RS 55w .
LAY PECE AR, ~FiiE « RHRZE Bibs B A7 e H s il /s, HAT R E i 2% T
XHRETT G .
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Fig. 8 The time-height composite evolution of the polar cap height in 31 PECE caese in northern Xinjiang (unit:
dagpm) The light blue (dark blue) dotted area is the area that exceeds the 95% (99%) significance test

NI FI A Takaya-Nakamura (T-N) BB E#E— 212 PECE 2, ~FRE T Xk
TS AR AR SR s . P19 45 I FT AT, A% 11X 100 hPa Az 35 e B fz T-N I i &
WG B, BT R A E RS . & 9a WL, PECE WEEHAT 19 H, ik IIX
P I LA S 28 S R 1Ly A 3 i B LB S AT, RIS o IRAL 9 e s
b 53 PIER 1) R AR, He i 2R g e RO AR 91 LR 2 T s AL . W H AT 15 HE 7
H (B b-d), IEA#A SRR, S gamdb i son s e os. S a6 3
H (Ele), SHiEHsRACE R BOE EE 2R, WEE HNHRRAAE IEREE Mk (& 9D,

ZE LR, RN S ST IR RN T (IEME H AT 25 HD, ~FRE T XA IT4E 1 H9R 2055
(WA, BBJSAT R IETF AR NIEIE, AR R SO F 5 e s s R aE AL . 1R R R R
Wbl 2 IS R R, AR T KBRS 4 Re, AR T8 2 SAE T P AR X B AR,
BEE RN Z RGUR TSR Jint, VU SR SRALES . ~FIRE . XA I 7 SR L
FIVER, SECT FRSE R IR S R A

-36-24-12 6 0 6 12 24 36

Kl 9 4342 31 ¥k PECE 4 /i 100hPa f) T-N Bl (J&, HA7: m¥s?). T-N BosEHE (F]
52, Bz 10°m/s?) RfrH R (REL, AL dagpm) HEHGEHAR
Fig. 9 T-N wave activity flux (vector, unit: m?/s?), T-N wave activity flux divergence (shadow, unit:

10°m/s?) and geoptential height anomaly(unit: dagpm) in 31 PECE caese in northern Xinjiang
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