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Abstract

Based on the 500 hPa monthly reanalysis data during 1960~2020 from the National Centers for
Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR), combined with
the characteristic contour line of 500 hPa describing the boundary of the Arctic polar vortex, this
paper defines and calculates the polar vortex extent index, intensity index and comprehensive in-
dex describing the physical characteristics of the Arctic polar vortex. On this basis, the seasonal
variation, interannual and interdecadal variation characteristics of the tropospheric Arctic polar
vortex during 1960~2020 are analyzed, and the new characteristics of the intensity and spatial
pattern changes of the polar vortex under the background of global warming and its relationship
with the Arctic Amplification are preliminarily explored. The results show that: 1) the extent and
intensity of the polar vortex have the same seasonal variation characteristics. The extent is the
smallest and the intensity is the weakest in July, and the characteristic contour of the polar vortex
boundary (5560 gpm) shows a four-wave structure in summer. The extent is the largest and the
intensity is the strongest in January, and the characteristic contour of the polar vortex presents a
three-wave structure in winter. 2) The composite index and intensity index of polar vortex have
highly consistent interdecadal variation characteristics, and the correlation coefficient between
them is more than 0.99 in other seasons except summer. The variation of the polar vortex is mainly
reflected by the interdecadal weakening of the polar vortex intensity. The turning year occurs
around 1995, and the interdecadal weakening is most significant in autumn. 3) The spatial pattern
of the polar vortex also has significant interdecadal changes, especially in spring, the center of the
polar vortex which is asymmetrical around the pole splits into two centers located in the eastern
and western hemispheres of Eurasia and North America during the later decades.
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2.1. BIEXKIE

AT FUAE FH I RS0 RER B 2% 1 [ 2K B0 53 Tk o 0 AR 5T A0 (National Centers for Environ-
mental Prediction/National Center for Atmospheric Research, NCEP/NCAR)1)3% H B i, %A
2.5°x2.5°, QWEAHELE. WASHE.
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Figure 1. 500 hPa climatology geopotential height (the interval is 4 m;
red contour line is 5560 gpm which represents the characteristic contour
of the south boundary of the Arctic polar vortex)

[ 1. 500 hPa SERZSAL & 1A (FELEFR A 4 m; 41 € L4k A 5560
opm FELR RIREAFHEFS LX)
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2.2.2. BIRIFTRIBRUE X
JEAR AR I ) gl 2 500 hPa R S5 2k LG BT (0 FEl R IX 4, A SR RFE S5 28 5560 gpm AL L
[ R SO AR ()7 Bl 45 3L (Polar Vortex extent, PVE).
MIZH AL EEEE R, bR IR 45 A Fa B (Polar Vortex Comprehensive Index, PVC) 5 24 24
LI
PVC = —zn:(hgti ~hgt).

o hgt, IERS 45 500 hPa AR AR, hgt /A5 245 BRI T BBl P9 A 34 R BE RS, n Wi 108 Bl A 5 o5
S, BRI PVE 85 ZFREEE AR T A Y B R 5 B X AR IR AR IR TR, AR TRRRUER R, Bl X 3k
RS R, U PVC Bk, ARG .
Jb 2 BRI 5 2 $5 5 (Polar Vortex Intensity, PV A R0 -
PVI =PVC/n=PVC/PVE,

AR ARG X 35 B T AR (% ) L AT SR 5 o WIZ S FR AN i 5t L AR KR 8, SRATTRT LA S RUBE 3 Hr
ACR AR o 5 BE AR AR T 2 TR AR AL I
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TRECH K, AT AR BINGR 2R A TR EUIZ H 0 A1 (1] 2) o 45 & AU DRKVE FEL R 21 A2 AR D AR I 5
TREAEAF AR ZESR, 12 A~3 AR HRRRLE G ok, T ILE CO8%4Z=(DIFM); 6~9
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Figure 2. Seasonal variation characteristics of polar vortex composite index. (a) Month-to-month
variation; (b) Four seasons variation
B 2. REERENETTIFHE. ) ZEATW; () METK
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34T 5560 gpm X S RHIESE R 4B H oA, FRATTAT AR B AR i e SR AR A (] 3). FTLLE
tH, WiRiGEBER AR EEE, 7 ARG RN, e ek, KZ7E 75°N MALE: 1 A0k
PTG B BB, Wi Fk B B rg i (1 32°N o MK g FEAE DA =5 I 0 AR A K B (K] 4), & B
K AU A AL B 2y AL F 50°N. 62.5°N. 47.5°N. 42.5°N, i rg S e ik im v
Rt HINE . Bk B BEERUGE
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Figure 3. Month-to-month variation of 500 hPa climatology geopotential height (the interval is 4 m; red contour denotes the
characteristic contour of the south boundary of the polar vortex; (a)~(I) The geopotential height field from January to De-

cember)
3. 500 hPa S{RASUIH S EIFNZE B T (ZELERA 4 m; LEIEARERIFIZESE; (2~() 1~12 BHY
B EEF)

MANTR) 215 W0 1 Bl 9 S R TR 35 0 AR R 7T CUABL(IA 4), L ZR(&] 4(b)) B Hl e, i
B HH SRR R (¥ 70 AT RFAIL , A P AR IR A5 R 2 R T A DU S 4 » o (IR A 1 AR ALK U Xk,
FRES 6 FIRT R H A AR e A S (14 3(F) . AFE(1A] A(d)) ki e T re T2 2 L e =3
ke, B o U 3 BRI XA B AR FREE A BRe 20  fi F) AE S AN AR — 0, 73 550 I A S KA A
ABSE MG IZ P S H e, Ferb i [0 6 5% AR 308 b Lo s B2 B SR (1] 3(a)~(c)» 11 3(1)). FZR(H 4(a)) Ak Z= (]
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Figure 4. Seasonal changes of 500 hPa climatology geopotential height in (a) Spring (AM); (b) Summer (JJAS); (c) Autumn
(ON) and (d) Winter (DJFM). (The interval is 4 m; red contour denotes the characteristic contour of the south boundary of
the polar vortex)

& 4. 500 hPa SIESMU A SEFNEZTHEWN. () FE(AM); (b)) EFIAS); (¢) FHEF(ON); (d) £F(DIFM) (FE
ZKiEMRA 4 m; ABEEANREFTHEFSLE)

3.2. RSEENFETEWL

AbHE A e Ve 4 K 2 1 A2 A (14 5) T BASE AL AR AR o T AR 1) 215 224 o A Vi L 4 132 H 224k
(1 5(a)) &M, MEBIZH) 7~12 F, P BUIZHIE R, sy sk, Hr 9 Ak AR ik mox,
PR . WARIEN 1~7 A, WImmmAgEims, siiieds: Hrb 6~7 A Bam i ik,
AR ME DU 7 A4, S AU 2] —4E R el Bbe i ARTE 2 HIA Bl Himm ARy k2
AR DU [ Y AR A (1] 5(0)) R, M FUVE R R0 Sr 4R AL (K 2(b)) 2 BUAH R A £z
AL, SARION AT RR, RN AR R, FRANKEIEREE T, R AR KT
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Figure 5. Seasonal variation characteristics of polar vortex extent index. (a) Month-to-month
variation; (b) Seasonal variation
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Figure 6. Seasonal variation characteristics of polar vortex intensity index. (a) Month-to-month
variation; (b) Four seasons variation

El 6. HmBERHNTETHENIHE. () ZAEWK; (b)) HFEH

4. IEBARARRERPRBEE R REE S
4.1. WRIFFIEE A E PRI

1960~2020 “FALR AR it IR FE (VO FE L 5 BE) FEAN IR 2= 715 J 3 300 L 4 2 AR AR B 03 55 RO R AL (T8 ),
B3 L4 R AU AR AR A T Rl AL IS 4, SR IRTS IR TE AR f B Fa B it 1) e 471 PR 3 2 T L (B 7). AR
TREEA TR EEE B8 S MR TR 4L, tHRE S MRl B FE 184k, R 1 W LUK IR, PVC 7EDYAN T
5 PVE F1 PVI B BEMIEAHKICR, #RAE T ARG FEIRAE . 53 k55 1) — SO RHE, PVC
5315 PVE Al PVI £ 2 Z=MRKZRIA B i K IEAH G, HHOC R %093 7104 0.805 F1 0.999. HimZr & 4R% 3%
ST R BRI AR AL, H 5 PV Z IR A G KR T E 2514 0.768 LLAk, HARZFEI#EIL 0.99. 1 PVC 5
PVE I8 R TEE ZE I R, 37 KRS 38 Z IR HIAH ¢ R 0.5, TE4ZE 38 2 (R I AH S R e 5
FHRRERAA 0.25. ixbgh B3R B0 B 2k 6 [l AL 45 B X BT 62.5°N (] 4(b)), B i fE 5 IR T AR
AR EIEA S, MRERsE, P RGO AR TR ML SR m e L T R
B VUG B X, KB 19 NAR 20855 A6 21 BRI PRI, A 75 A0 588 P55 5 A0 i T A 2 [0 [ T AH
KRBRKE,

SRKRE, BAFEWRRE S I IRS T RERE, A 20 20 90 A H 1 BT IR SR AR IR I AR
BB N H G I SS AR EL, TR0 45 F (W) R B AL AR i R AR AR PR 47 KAk i AETE 1994/1995 HiJi
XA AR PR IR SRR IEE R R i (1] 7(c)), EERT(E 7(0), SR IEK . EFEAL
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Figure 7. Regionally-averaged time series of surface temperature anomalies during 1960~2020 over
the Arctic Pole (AP) and the global means (Global) and polar vortex composite index in (a) Spring
(AM); (b) Summer (JJAS); (c) Autumn (ON) and (d) Winter (DJFM)
[ 7. 1960~2020 F AR EF T ILRBRER S IR (IR 5 L BR T (57 T2m (Global)FadL iR itsX
F(RE R Lk T2m (AP)RIEE FERIREIFS. () FZEAM);(b) EZFIAS);(c) FHZE(ON);
(d) =Z(DJFM)

Table 1. Pearson correlation coefficient between polar vortex composite in-
dex (PVC) and polar vortex intensity index (PVI), polar vortex extent index
(PVE) of the same period, respectively

# 1 RIREE SR (PVC) 1A STRERER TPV, RmtEREY
(PVE)Z BEREZETHIEIHAME X R

R AM JIAS ON DJFM
HE PVI 0.996 0.768 0.999 0.997
Y PVE 0.475 0.805 0.469 0.247

4.2. JeBARRRFABRAEE SR B

HI IR 25 R T, JEARRRips B AR AR PR 55 T e 5 A BRAR IR 15 57 N AL ARTBORAE SR K - 0K - SR& 0
BRI K o A 1 BT AL A A2 1 5 A BRAZ I  AEARTBOR RONE R 50 25 73 il TH B T Ak JE (66.5°N
AAB 9 X 30) ) DX 3P 22 RO R I S e ARGR A BRAR IR AN AL TBOR B 8 (] 7 s A 1 2k) . 7T LA
KB, BREZS, HRREEACRARIAE 20 thD 90 FAAHHILUG B APREEIT, BN X R T <RI
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(b) JUAS (d) DJFM

Figure 8. The decadal difference field (1995~2020 minus 1960~1994) of 500 hPa geopotential height field in
(a) Spring (AM); (b) Summer (JJAS); (c) Autumn (ON) and (d) Winter (DJFM). The green contour in each
penal denotes the characteristic contour of the south boundary of the polar vortex and the area with black
points donates passing the significance test at 95%.

[& 8. 500 hPa (U A = EIHTEAR R ZFT 1995~2020 F R 1960~1994 FHEE. (1) BEEAM); (b) E
Z(JAS); (c) FKZ(ON); (d) £F(DIFM). BIRFEPEREIERETTRERIFESSL, TaXi
HIBE T 5% EE MR X

AR IR T A BRI AG LA (B 7)o AEARIBOR TR B 5 Wi 25 5 PR B A8 A2 1 A7 AR 2 35 (K DU 5R (56 2),
SRR IUON A X AR, Wi iR kg, A IR . AKZE AL R H IR S A 2R & 4R B AR SRk
B, MR REAIE-0.85, HAMER &R ECRIL RIME 1995 1l 5/ 7E B2 aER bR, —%F
AR S 2B AR, MRER SR BN AR A 3 2 Al s B A BRI S T £ R (L 1), 51 8 ZER
2.

Table 2. Pearson correlation coefficient between Arctic Amplification index
and polar vortex composite index of the same period

2. AMH AR SRRGSIERENRFHRRMEXRY

R AM JJIAS ON DJFM

el Zr e 4R %(PVC) -0.727 —0.642 —0.850 —0.559

4.3. tBRRERSHERFRELNFEDER

JEARARIRTREAE 1990 H 1 5 A HRAEAR BRI ES AN 32 BEARILAE ALAR AR i 58 5 AR AR AR il 35, A 1)
TSRS FE AR AT 23 [H)_E AR R FEAAAE W3 PR Z R AT 2 7. A 9 Faf RUKIL, 1960~1994 4F
WA, PUASZETSY 500 hPa 7 %5 iy B2 RSP 3735 47 S i, R B ARN TS5~ 32570 & R a1
1995~2020 AN IEGFAH B, AbBER&Z=AT LR e 8 s B RS, AL I B A5 o (LRI 1)
KPP ARSI S EA (R 15 B 25 (R 22 e itk o FERRIR A R AR R AN 42, JUARAln 3 22 2 3L HE i o0 225 1)
FRAE, A0 A O i B AR o 1 AR PR AE SN S KR By i, KR e T AU AR BOR R 3G I e 5 i, ALK
R R B AR B AEAR BRI S AFAE (] 9(c), 1 9(9))s KZEH T-HE K@ b AL M IR 32 B2 AE K PEVERS X —
), DS G AR AR 963 PR A s 9K 955 419, 3 B4 B AE AR il o 7 1 58 R 350 P R s o Y8 35 b il 553 9 LA /) (1
9(d), Il 9(h)) - B Z= A 34 v B S 1) Y 35 A A 2 B R AR A R 4 P DY AN RARL X, A A g i B (] 9(b)
el 9(f), DRI 2t 32 B I Ge i I 2540, AR AR 12 S50 BRI AE J5 — SRR T Bemg iy b4, IR Aliiid
TR R DY SRR . B ZEACRARIR T S AR i 35, el ARXS BRI AR o0 4 B RUR T F
BRI ANTLIE PN 0y, AR I MBRL R SR 20 2 A R XU A R B 644, 3 AT R 2 R D AR AR TBOR 3G B £
AR KRG LI FE A3 AT, 1T 5208 58 8 I Sk B50RT ' 1y DL e RE [ 17T B 3 350 o
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Figure 9. Composite 500 hPa geopotential height anomaly field (shaded) and the composite geopo-
tential height (contours) in the polar vortex region (minus the mean geopotential height value 5338
gpm averaged in the Arctic cap region) in (a)~(d) 1960~1994; (e)~(h) 1995~2020 in different seasons
(The green contour denotes the southern boundary of the Arctic vortex, and the rose contour is the 0
contour)

9. 1960~1994 ££(a)~(d)Fa 1995~2020 £ (e)~(h) & A BI A E Z=¥5 500 hPa (& E R Fif(EE)
MIRTEENMES LB E T HRRTEE ARG AR A S EE 5338 gpm)a 6 (B4R
BEEEZKRIBRFEIAR, HEFEZHN %)

5. &ig

A FEIEIS E X 500 hPa ik AL AR AR it 121 5 1) R AIE S5 265560 gpm), 115 7 XL = H R AL iR AR iR
VIERHERTE R SRR BORZEATREL, 9 hT T 1960~2020 AETE A ERARHE LY 5 T 62 AL AR AR I o
FERTEAS BVFARBR AR AL S LA AL, WIEARTT T H S AETBOR G &

M ARAAFAE R, AL AR R (36 B AN G B — B 1 AR RHE, B 28 7 A iimya i,
RIER: A7F 1 ARSI R, SR . H AR RIS Y o AR, AR rE SRR S
FRRDUH VU L5 s 478, IR EE FURIE S i 2k 2 B R O Gl i) = 54, A rp o0 ) R R IR
BRI FERTFREE R, B o A el A6 AR — s R ZE AR 3 BRI et AR A R X FREG 1, AR
WO EREE oA, Ko BIAE AL SE RN RROT Hp i X

MAEBREARBRALRHERE , AR 25 G T8 505 9 B AR EUR A & FE — BN R PR AR R R-ALE
PVC 5 PVI Z[A|AHOCRR 7 22511 0.768 LAAh, HARZTTHGEM T 0.99. 1 PVC 5 PVE KItHK R A 7E
H =LA m(0.805), . AR H Z R HIAOC R EHEIR 0.5, EAF T H ZAIMAHCHERSS, AHCHREL
R 0.25. JbARARIA I BRAE AR BR AR 4b 32 BRI R s BE 1 A AR BR s ss,  AEARBRE 4T i ) & A2 E 1995
EETE, HARRENERPRRS R T E, BFERY, SIMRREKERR . BB E MR — 2

JEARAR R (1 23 [ FEASTE 1995 4R 0T J5 R A2 T B AR, AZEVERE. K. £F4dt
AR AR08 1) 2% ) T 25 35 AR B A AR w17 A 56 0 5 KR I8 BREAT PRl o 5 40, AR i B A AR By 99 f
A Lo 5 R R AR I oY PRl Y 3 sk /s o B2, GRS (R U R i T 25 AR AR B B AL RFAIE 3 BRI A A i
G ) bW A LA B IR AR IR 2 S DY e AR KR RS . R, SRR ARRTAR B AL AR AR R 2 [ T A AR AR R
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