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Abstract
Based on the monthly mean reanalysis data of NCEP/NCAR data from 1948 to 2015, through the
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Empirical Orthogonal Function (EOF), the AO index and DA index were obtained and the time se-
ries after EOF analysis were analyzed. We mainly summarize four aspects of the polar vortex, con-
cluding the polar vortex index (PVA and PVI), its variation characteristics, its impact on the winter
climate in China and the polar vortex impact factors. Polar vortex mainly has interannual and in-
terdecadal variation characteristics. Besides, in interannual timescale, the polar vortex area de-
monstrates a negative correlation between temperature and precipitation in China, and in inter-
decadal timescale, polar vortex area and the temperature in China show a negative correlation.
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1. 5|

JERRAE A HERTE AR, N ARRI IR A T EE A A, RRTE SRR RN
A R TR BIE A o AT LA SR AR I R A AN B, AL UK PR 2>, B o
FA BT X A SRS A% 3R 4T T - Thompson and Wallace fifi F 2556 1F 22 2 fi# (EOF K 20°N PAALIE-F 1 <%
(SLP) 7 fi#, ¥ EOF 5 —BizS e SN BI(AO), Horft AO [ 8] 7 #1 4k Bk Ay AL A% 75 3 i £ (AOT)
(Thompson and Wallace, 1998) [1]. Ab#k¥% 5 (AO)FE ALk b 4 B i [X (29 45°N) S AL X SR T # 2%
IR o B —MRER AL R X R A 1) B SRR, W N IERLAR AN AL A . EOF 43 iR Jis 11
o RSP AR B T (DA), HEERIA 70°N LLIER BB 7, e fs 8O JE B AR T HE %
(DAI). DA IEAMR R INERBER ML N IERH, ERSOE R RE . AO Xk 3R EH & 7 5
(18 47 1) 2 e 355 A 2 RO 43 1 DX P AW i R AT, s M 1 ) ST vy s A0 R ST 2 XD T %o 6 R g o s
(Wang and Wu, 2001) [2]. DA XFIbtkifE vk (112 36 1R Ks20E (Wang and Zhang, 2009; A% 45 45 Fl 5
2012) [3] [4].

L LRk, AO Il DA XA K s 4 FEA /A —FEMREIA . F5ELREHBPE R, G5 3,A
B2 TR SIS I A A

2. BEMRAGE

AL FEER A FEE NCEP/NCAR 4ER H -~ 35 F- 4 #ir Rk [l UK 4%« 850 hPa. 500 hPa Al 300 hPa
KA. 950 hPa iR JEIZ %Rl K 0#ESR 2.5° x 2.5°, BBl 1948~2015 4E. Serreze [5] (2011)F5
925 hPa (1l & AT DATE 4 i) S 2 m (iR 8, DRI AR SCA8E 925 hPa (1 Sk R AR i R R 3

SO 5 1 R B EOF 43 M, EOF 43 #1 32 B2 X i T S 353047 04, AT 3R AO Fi Al
DA 182X} EOF 2041 & (I (8] 7 5 34T (13 40 HT A1 5 £~F3 .« {4 SEOF 43-#1(Wang AT An, 2005) [6],
AF AO T4 . B T X A RIRHEFR B & AR ERIAT /00T 24 t RS T ARG I
ST BUVASHTRI G B T RS, SR A 95%FH 99% 1 A B A5 FE .

FRAE AT IIZS T SLP I 2 /3 A REAE, AR SCEE H 3 PRI AF O 2000 )3 2 T v v 4 B (R 281 X (&«
4~5 A(AM), E: 6~9 H(JJAS), #k: 10~11 H(ON), %: 12~k 1~3 A(DIFM)).
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3. MAREHFRREBESHETRE

PR R AR S I R AR, A T SO R IR 0 KR RS SLP AT
SEOF 73 #r (18] 1). SEOF 4 fifi 4% M 425 B R AN 7 3R AT 43 fift, %F 67 45 804 N H (67 x 12) J5ilh SLP s it
TN BIIFREIE T, 1 4E 4 3L 67 £4£(67 x 4). ¥ 67 4Ef) SLP FE-F-1%iE47 EOF 43 Hr 15 21 Hi 5 AN
A, KR 2R 63.4%, HA BT Z 0TIk % 4 53.03%, 2 AT ZTTR %N 10.37%. A LLE
H R — RS AN TE B 0 2 LT K PEPERUCE R, — N A O TAe R, IEAHRSH 1A
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Figure 1. Spatial and temporal distribution of the first mode of Arctic sea level pressure SEOF from 1948 to 2015 (unit: hPa)
1. 1948~2015 £ AL G FE S E SEOF HE—RASRZ S5 (R4L: hPa)
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HIFE,

AR AE, MR, T A0 i, o AU (E 2(2)). TXT EOF 2 25 (DA) R I
() e AR P A0 A R, IEAZAHI, NS KEE B AN IE R, B BT e R, A H A
IR o ANTAHET, NSRS B A U8, B Sy E S8, A B AR pa i XS (15 2(b)).
DA I & SE AL X, Kk DA WA UK I B A2 A 1R K P52 (Wang and Zhang, 2009;
BEEsE A EE, 2012) [3] [4]-

eof1 SLPy(all year)

eof2 SLPo(all year)
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(c)
(@) B AO; (b) % HEZS: DA; () I IAF% PCL %Rx AO A FI(Bths24R), PC2 %~ DA I A5 51 (15
B324k), PCL_MAS Ko AO NP HIM) 5 s Fig (SR B LR), PC2_MAS FKx DA I EIFFII 5 f-Fil (A B ELk)

Figure 2. Space-time distribution of the first two modes of the Arctic SLP anomaly field EOF decomposition
& 2. 4b#R SLP B35 EOF A MERIAMESHE S

SIS IaI%, AIE 2(c) s T LA R A AO 1R A Bt 35 21 (I AR LA A IR IR AR A 2R AR 4k, R &
ZEi i, B AERSS . H AT AILE 1948~2015 iX 67 kA 4 B B A SR AR FRAR AU ARHE . 75 1985 4F LART,
iR 3 A AR AR R ), B3 20 e 80 AR I BT ETHEA IR, 25— HBEAT T, X548
BEIIRE SR, MR BT S . X AOI Al DAI #4770 07, LA+0.5 M, #id+0.5 AR, KT
—0.5 WMINFSTREUE, 4% S48 HORE RS 04T G B BT T LA i [R] EOF 43 ™= A2 1) 23 RIS AR AL o

{58 — A5 (I TR) R BT [T, FRATTAT LUK BLALARL 75 5 2 B0 BR SRR L GOl R &5, SLP 3=
ERPIEH PO R Z R AR (A 3), EACRTEFERILR PRI IE S, X Fh2E 54 fl Zhao
(2006) %} SLP 5 AOI A% REEH /AR AHBL, (R RRILH LA IE T 5 P, TR A R 3L
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W 7 KT 0.5 BME, TACKFAE 75 o Of R R EUS AOL A SRIERUN, BRI AR I Y SR (7 W, Zhao,
2006 Fig. 1) [7]. 850 hPa. 500 hPa A1 300 hPa 4/l SLP #i1Ll, th/irtT AO A& EELE (& 3). HEW
FERIUA BRI KRy 1E 75 oty BRI 771 7 ol

Regress PL1 to SLP Regress PC§ to 850hPa

(b)

Regress PC} te 500hPa Regress PC} to 300hPa

30°E i, 30w
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Regress £C1 to T

Figure 3. Sea level air pressure (a), 850 hPa (b), 500 hPa (c), 300 hPa (d) and 925 hPa temperature (e) obtained from regression
analysis of AO time coefficient. (The black line in the figure indicates passing the test with a confidence level of 95%, and the
purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) potential meter, (d) Potential m, (e) °C

[ 3. AC BB RE BV S BIREFE S E (@), 850 hPa (b). 500 hPa (c). 300 hPa (d)FA 925 hPa iBE (e). (BIHE
BEARMBREEEER 5%WKRYE, KELXIgFRRIET 99%RE)EM: (a) hPa. (b) RIFEK. (c) XK. (d)
1&% K (e) C
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HIFE,

A 4 RS OIS E) R AT R1UH,  7E SLP A1 850 hPa 1, FRATTHT LA BILAR VG 20 A7 e B I 42
{HJ2IE S8 A A . 7 500 hPa #1300 hPa H, 7R G 73 A1 IS Be i I S AR IBAFAE, [RIE 1E S5 ot I
YK, WBZEFTLIE 1 DA R BUNMEIEEE5 . A BB MR UUI/R LU IE S w G, HAR
AT RS2 A ZERHLE R R S, A PE AR s R s, (R R 4F DA Fe B Al S B
HARBI IR R, R M. 4T 925 hPa HIAHR, FRATATLAE H =5 B0 [X 45 2 78 Fa 471 R 0
[X, [A] LM 500 hPa #1300 hPa )5 % 1 i) REAH % .

4. AO #1 DA HEMEA TAMASTHRIETS

HENLAE PR R B AE LI [P 51 b, AT DOREAS [FIFR B B4R A Sy 9 2B(58 1) IXEEAR AR AR HUE R
N, BANTREUR SR A MEIRAERL, 83— AMRECRER, — ARG ARFREE R R KSR
AAIRBE A XA BT RA T AR IRAR B IO, KA RARNR B 12 A5 .
RPIATITLLE - AOI FEEORT DAL Fr &35 i a8 55 1) EZ A AE 1979 4ERT, X FTREIR 1979 47
NCEP/NCAR %4 AMEAEHIA %

Table 1. The same type of index year
F 1 RIRBUEHTF

A Fh
AOI >=0.5 & DAI>=0.5 4 1948, 1973, 1975, 2015
AOI<=-0.5 & DAl <=-0.5 4 1952, 1969, 1980, 2009
roro8 oar>=o: ot lom e o o
AOI~0 & DAl <=-0.5 7 1972, 1974, 1984, 1986, 1996, 2006, 2012
AOI >=0.5 & DAI ~0 8 1959, 1967, 1988, 1989, 1990, 1992, 2003, 2011
po1 = 058 oA ot o o o s
AOI >=0.5 & DAl <=-0.5 7 1953, 1954, 1956, 1964, 1976, 1991, 1994
AOIl <=-0.5 & DAl >=0.5 6 1951, 1957, 1958, 1968, 1995, 2004
AOI~0 & DAI~0 7 1949, 1950, 1993, 2000, 2001, 2013, 2014

A RH R R B SR AE A 55 4E ((AOI >= 0.5 & DAI >= 0.5) — (AOI <= —0.5 & DAI <= —0.5)), £ SLP 1%
TR DL 5 BE BT A U I (5] 3()), FEERIAEMR X AU tot, AR PRI BN IE
S Ly, JERKPEFERIES & T Ae S5 NAO A K, AR FIE 75 vhoCe 23 (66T B HR H 55 (4 4(@))
£ 850 hPa I 55 SLP AHAAKITE L, (F 2 o FEAE B3 A Pk 55 (R 45 th) . 7E 500 hPa -, &A1& F1k
X E IR AN REF L, ERATMART. LM AR BRI G RN ERF L, 5Tl
AL B AT (% 4(b)). 300 hPa [7] 500 hPa AHEL, A& & b OB A B sk (k45 ). 200 hPa u X7 i 57
0 [A] 500 hPa =AM IE S8 AL BARL, SRIAZR K 3 (] 4(d)) o iR B2 3t 32 BRI T KRS A 1E
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HIFHE,

W AT AL A 5 R (14 4(c)), 5 AOL KT BE I [E1A 25 BARRL(E 3(e)). BRIk, XFPHREIEA T E
BRI L AO APif .

A A0 3 FEHAE RN 55 15 B 4E ((AOI >= 0.5 & DAI~0) — (A0l <= —0.5 & DAI~0)), 7 SLP %+, *
FERILLE A X Ay B 57 5 o, 7R ALK PE PR AR ST 1R I 523 w0 (B 5()) - 7E 850 hPa 2 H &5 SLP
FAALLRC S 0, L2 5 P RS R 4049 BTk 38 (R 45 ) . 7 500 hPa b, {EZZE N Z3 80 Jb S8 I 45 3B ARk
I PG B 2 2 BN 1E 7% A0 (] 5(b)) - 300 hPa [7] 500 hPa AL, & 4% A O £ B 14 5 (R 45 1) - 200 hPa
A1) Gt Sk 2 0 A BN e 7 2 R SR 11 N | o S B R |7 Y O (7 B
PAigs. 76 22.5°N R H ISR 5(d)). WEW W EZRIUNM KM IE 55, Y:iig kit h
B (K 5(d)), 5 4(c)Ml. XFFREILE T FERIMZE AO MBLE, H &R RIE I
ERIEOR

composite analysis
(A0I>0.5&DAI>0.5)—(A0I<—0.5&DAI<—-0.5)

compositg analysis

q0°wW ]

120°W

(b)

compositg analysis compositg analysis

180 180

© (d)

Figure 4. Synthetic analysis ((AOI >= 0.5 & DAI >=0.5) — (A0l <= -0.5 & DAI <= -0.5)), SLP (a), 500 hPa (b), 925 hPa
temperature (c) and 200 hPa u wind field (d). (The black line in the figure indicates passing the test with a confidence level
of 95%, and the purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) °C, (d) m/s *

4. BES (A0l >= 0.5 & DAl >= 0.5) — (AOI <= —0.5 & DAI <= -0.5)), SLP (a). 500 hPa (b). 925 hPa ;& & (c)Fn
200 hPa u X37i(d). (BIFEBBLEZNFRTEITEEEN 5%MNKRE, EEEXERFEIT 99%HIEIE)EA: (a) hPa,
(bYRIFK. (c) T\ (d) mis™
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composite analysis
(A0I>0.5&DAl~0)—{A0I<—0.5&DAI~0)

compositg analysis

(b)

compositg analysis

180

©)

Figure 5. Synthetic analysis ((AOI~0 & DAI >= 0.5) — (AOI~0 & DAI <= -0.5)), SLP (a), 500 hPa (b), 925 hPa tempera-
ture (c) and 200 hPa u wind field (d). (The black line in the figure indicates passing the test with a confidence level of 95%,
and the purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) °C, (d) m/s™*

& 5. &R 2 #((AOI~0 & DAI >=0.5) — (AOI~0 & DAI <= —0.5)), SLP (a). 500 hPa (b). 925 hPa ;& EE(c)F1 200 hPau
). (ErhEEgRiRETEEERN 05%MNHRLE, HELRERTEIT 09%NHRI)ER: (2 hPa. ()hIEK.
(©)Cy (d)ym/s?

£ E DA SRIEBUE A SHFEHUE ((AOI~0 & DAI >= 0.5) — (AOI~0 & DAI <= —0.5)), #£ SLP &It 5
[ BT AR R (1] 6(a)), T EERIAE A SO A R oG, FEINE RS N IE S e (4 7(2).
£ 850 hPa R I 5 SLP ARLLE L, (H2 i FEAE HI A Frik g (k45 H). £ 500 hPa I, 2ILH 5 SLP
FEAARRI IR 0, ABAE DU ZRIBIAL = A TE S Aoty A6 38 KR AR 38 AR 471 e i (1] 7(b)) - 300 hiPa [7] 500 hPa
FAALL, R UM A BT SRR 4 H). 200 hPa u A7, 75 A 45 B SIE 9 DR Beli 230 6 e s ey, 18 XU IXUTE
IsE. 7E 22.5°N XU g1 7(d)). 3t 32 BRI I KRG 9 1 5%, SR itk Ak oy 671 7
(E 7(c)), SE 4C)AEML. EXFREULA T FERIAZ DA R,

4R DA 5 AO HIRAEEE L AE((AOI-0 & DAI >= 0.5) — (AOI~0 & DAI <= —0.5)), fE SLP I, F#
RIAEN X R 7w oo, FEARARSTEEAN TUI /RIS I 55 (1] 7(a)). 7E 850 hPa SEHLH 5 SLP #H
ARSI, A 5 AT BB AT Tk 98 (A48 ) o 7F 500 hPa b, LB 5 SLP MU, (T 55
I K (& 7(b)). 300 hPa [7] 500 hPa AL, 2% H OB A BT aR(Res ). 200 hPau K7, FEHAE
MEI Rt AR5 3506 47 S i Hpoty, P XU XU N5 7 22.5°N 25 R (P 8(d)) . L EEIA = BRI IR
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HIFHE,

Bt M IE R, SAERriRsR A S (1 8(c)), 5 A(C)MIfL. IXFRREOEAS b 2RI Z DA .

Regress P2 to SLP Regress PC to 850hPa

Regress PCg to 500hPa

©)
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()

Figure 6. Sea level air pressure (a), 850 hPa (b), 500 hPa (c), 300hPa (d) and 925 hPa temperature () obtained from regression
analysis of AO time coefficient. (The black line in the figure indicates passing the test with a confidence level of 95%, and the
purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) potential meter, (d) Potential m, (e) °C

& 6. AO BB REEVAN S EIAEFESE@). 850 hPa (b). 500 hPa (c). 300 hPa (d)FA 925 hPa iRE (e). (B2
BHARFBEEFEER 5%, KBLEXERRAET 09%KIE) B (a) hPa. ()IFEK. (K. (d)
1&% K (e) C
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HIFE,

composite analysis
(ACI~0&DAI>0.5)AQI~0&DAI<-0.5)

compositg analysis

(b)

compositg analysis compositg analysis

90°E \ s 90°W

180

© )

Figure 7. Synthetic analysis ((AOI-0 & DAI >= 0.5) — (AOI-0 & DAI <= -0.5)), SLP (a), 500 hPa (b), 925 hPa tempera-
ture (c) and 200 hPa u wind field (d). (The black line in the figure indicates passing the test with a confidence level of 95%,

and the purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) °C, (d) m/s *

7. BRSO ((AOI~0 & DAI >= 0.5) — (AOI~0 & DAl <= —0.5)), SLP (a). 500 hPa (b). 925 hPa ;& (c)F1 200 hPa u
RiFd). (APBEEZARTRTERFEAN 5%HRE, KEEXIGRTEIT 09%AIRIE)EAL: (a) hPa. (b)RrFEK.

©) C. (d)m/s™

composite analysis

compositg analysis
(A0I>0.5&DAI<—0.5) ¢ (AOI<—0.5&DAI>0.5) P § Y

(b)
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HIFHE,

compositg analysis compositg analysis

(c) (d)

Figure 8. Synthetic analysis ((AOI >= 0.5 & DAI <= —-0.5) — (AOI <= -0.5 & DAI >=0.5)), SLP (a), 500 hPa (b), 925 hPa
temperature (c) and 200 hPa u wind field (d). (The black line in the figure indicates passing the test with a confidence level
of 95%, and the purple line area indicates passing the 99% test) Unit: (a) hPa, (b) potential meter, (c) °C, (d) m/s*

8. &P ((AOI >= 0.5 & DAI <= —0.5) — (AOl <= —0.5 & DAI >=0.5)), SLP (a), 500 hPa (b). 925 hPa ;E [ (c)n
200 hPa u Mi7(d). (Bl EELZARTETEEEN 5WRLE, KELXIERRIEIT 99%MKLE)EAL: () hPa,
(bYRIEEAK, (c) Ty (d) mis™

5. it 5i1ie

AICHISE W FEE, 1IX PVA $REUR PV FE P & Rl LA B A7 1048 5 R 5 Wil . PVA T8 3U7E 20
et 70 FEARRT R E R BT, ZEFERTEES, (HPVI A&, B8R AO,
B RIN DA, 1967 45 AO i, 1989 IR .

FIZ AR IE AO I, A0 EFET AR T HGREHTINGS, FH A AO FIEEREL. X
DA 52— 5, AO bRt AR Hk N (38 X) Rk () #a s, (R I 5 (IE) A AHE) DA 153, DA
Fa &AL

HAHE M, JERRZETIAL R EOF 1228 AO MIIE AU, FT L DA Al fEATELELERR
A, HREE— DA

HE&mHE
I ZRA R LR 5Ll H (2022SDQN15) .
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