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Abstract In this study, the spatial-temporal distribution of the northeast China cold vortex (NCCV) in summer and the con-
current background teleconnection pattern have been investigated using a long-term data (1965 — 2007). The spatial extent of
the NCCV activity is extended southward to the south of 40°N in June, while it is constrained to the north of 45°N in May.
From July to August, it is gradually shrunk back to the north. Starting from May 1, the number of the NCCV days gradually
increases as the East Asian Jet gradually weakens and moves northwards, and it reaches the peak about June 6. However, it
begins to decrease when the meiyu period begins, and further decreases after the period. The strong NCCV events tend to hap-
pen in the pre-meiyu period, while the weak and moderate events occur in the meiyu and post-meiyu period. The NCCV activi-
ties show a quasi-biennial oscillation feature in the pre-meiyu and post-meiyu period. During years of 1965 — 2007, an increasing
trend is found for the number of the NCCV days in summer, particularly during the meiyu period. Based on the position of the
upstream ridge, the NCCV-related circulations can be classified into four types, namely, the Yenisei-type, the Baikal-type, the
Ural/Yakutsk-type and the Okhotsk/Arctic-type. The western Pacific (WP) pattern is the primary background teleconnection
pattern for the NCCV activity, with its negative phase being favorable for the NCCV formation. In addition, the NCCV activity
is associated with the Pacific/North American (PNA) pattern in May and June and with the North Atlantic Oscillation (NAQO)
in August.

Key words Northeast China cold vortex, East Asian jet, WP pattern, NAO pattern, PNA pattern
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Fig.3 Composite 500 hPa geopotential heights (m) as related to the NCCV
(a. YNS, b. BKL, c. UR-YK, d. OK-AO; Contours

are drawn for every 30 m. The thick lines donate the height of 5860 m)
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Fig. 4 Composite 500 hPa height anomalies (m) as related to the NCCV
((a) = (d) for the types YNS, BKL, UR-YK and OK-AQ, respectively.

Contours are drawn for every 20 m, zero lines are eliminated. Light (dark) shading marks the

region in which the values are significant at the 90% (95%) confidence level)
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Fig. 7 Regressed 500 hPa height anomalies
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Contours are drawn for every 5 m
Shading marks the region in which the values

are significant at the 95% confidence level)
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Table 3 The correlation coefficients between the total
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5H 6 H 7H 8 H 58 H

wp  -0.36"™ -0.33" -0.30" —0.35" —0.44""
PNA  0.34* 0.32* 0.05 0.22 -0.01
NAO =0.04 -0.02 -0.08 —0.45" —0.24
AO 0.04 0.12 -0.07 —-0.33" -0.17

TR AR 9074 950 1 9974 B I
“,** and *** denote it is significant at the 90% ., 95% and 99% confi-

s
dence level, respectively
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Fig. 8 Regressed zonal wind anomalies at 200 hPa against the WP

pattern index with the standard deviation of —1.0

(a. June and b. August, solid lines indicate the climatological mean

zonal wind of 25 m/s, contours are drawn for every 1 m/s, zero lines are eliminated,

shading marks the region in which the values are significant at the 95% confidence level)
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Fig. 9 Regressed 500 hPa height anomalies
against the number of NCCV days (normalized)
with the standard deviation of 1.0

(a—e. for summer, May, June, July,
and August, respectively;
Contours are drawn for every 5 m. Shading
marks the region in which the values are

significant at the 95% confidence level)

Ly 5 TR P RS- 3 28 A S LAY A L AT AR
FURAEE_E i P o A T 74 K- 39 18 A S BB
(Wb IX . BESAE (2010) BIF 5 90 B 4R A8 1 3 56
IR 5 B o GRS DX K 8 ) 4 35 A 1) 74 #% 5l
FEH A M TR P A BRI 4ERS . X5 E R P ORF P
BARBAMAILE WZ KRR - BZ. 70K
S A 5 TR R R b Ve i T 2 [ A T R AT G



AR BAE AR LV e (IR A3 B R AE B SR IR

1]
= o

=

MIE 9b e AT Mo AR RS9 /L 56 3 X0 B R
B EALAR R P /AU SE B R AR AE . (BAE 7 F0 8 T,
X—HFIEC A (K 9d.e). X5E 3 FIRERIL
Wi 5 TR /LR B O RIEAR — B, MAHh 1E 8
H ATV R PV 8 A OB (B 7) ik B AR L
AR (L 9 Hr #R AT LA 2, A6 K VY ¥ Hb X (1) 36
it B SE AR AL KV VE V5 Bl AU A RRAE L b R P S
firg (18 8b) . X453 53 3 R AL % i 5
RVEGHEHN IR —3. BT P9 ROF 7 & A O A
AL VY ¥ % gl B X e AU ik T sh B B A AR RO
(Thompson, et al, 1998; Ambaum, et al, 2001,
20023) .8 A ALK % 3l 5 A L ¥ i R B AH G W e
B (£ 3,

7T ke

A SCH F NCEP/NCAR % H (82 H) 154
PR WS T P E AR L IX 1965—2007 4E H Z= (5—
8 H) AR ALY 4 I B (14 B 25 43 A R ALE | [R] 9 7 55 3 A
FKT,

AR AV 104 2 7R 0 X1 — A R B ) R K HL R
SAREIY R GV i R B 2 L 3 R BORE
=4y —. 5 Vi I 3 X 8 L B R AL (45°N LA
Jb) .1 6 A WA P R #] 40°N LIgi#hIX . 76 78
H o B2 S5 35 28 W 2000 1 0 55 AN b 1F L 2R 68 i
6 Bl XS A e . Y S S RS HL SR Y XS (E
28 1 200 b S A I T ) T I T L v T A
Jnagk., 766 7 6 Hiila, S mfldeml 25 m/s FRAE 2k
K B f e i o KT LA VR I R B R . M 2
Jei s 20U 5 SR U855 AL Bk o AR T A T A ES A il =2 P I O
Ao BRI RS AR AN Z T AMEZ G LA S
s B R IR A

BAH BRI RN 2 a 198R G A
X — JE AR R T2k B OATRS B X0 AR L i
HH R EB ARG EEZSEMME. 4 E
T IRIE SR HA 6.2 a0, 161 Ji /) 1 i
FEWRG IR, 1965—2007 4£ H R K ECH
8T A A A RS A R )
15 DA S R W

AR 13 e B O B AR AL R Ay 4 250t
JE ZE T RY DU IR 1 8 | 5 r SR HE 0T v 2 R SR R
R SEXiU

715

AP Bk R AH DGR O RORE L W KT
FHOC R IR IR W TG S 1 75 5@ AH G R, 5 Al
VY RT3 R DG RN I A6 RS-V 20 1 6 R e
EAEM TR R ERMAgER: . IR G M6 )RR
685 K1/ 28 B A 55 B Y TOAH O 7 8
H 3 54 K VG v sh 1R 6 A 7 3h B A o6t A
EN

AICHHIH AT 4 BRURIRIES ., 2 &
B 1] 1 A DA v 00 0 fof 30 RLBE I ok o e A g
YEIVIEDIN P

X 2% 75 45 (2002) 84 W58 T /T 44 AL ROV ¥ 5 8l %t
ARACE IR IE SRR . A6ROFPE % o 32 2 e oK
VR AU 8 R R B H 2
2 BR G R S bR b R R VY OK T VE 8 A G
(Linkin, et al,2008) , 55X 5% 55 4 (2002) [ i 55 A~
) o A SCOU B B 45 1 7 A J v i 16 3 14 [ 0 75 5t i
FHOCTHY , fHJ2 AR SCPH K OF 3 3 A DG B 5 7R 68 i
T e 7 P9 RUEE O S0 8 30 RO b A9 AH A
FRAE S B T 2 A K A S 5 1 LAE TR IR ADESR

Bt JEAHE T L A B R T IR I T B R
W

%k

AHEIE, T, 4 AN, 2008, HFFT 1 EAP 54 14 vh 35 3 A 4
HE 5 R 4 Rossby TG 3. RBl2Fi iz, 53(1) . 111-121

A4, S, VLA, 2006, ZR 68 15 By “ S0 8% N7 S %
METT B 5% . Faesm iz, 51(23) : 2803-2809

BERE, A A, BHER 2. 2010. W E AL IR S R A0k
BRIFFARMAE AL, KRR, 34(2) : 429-439

XE T . FEB. SRS, 2002, 7R b A I 1T 3 i db 2 Bk
500 hPa FRJFFAE ST, KR, 26(3): 361-372

Wider: . SLaEAE, 4. 2006, bk ERIFRAL (NAMD R0 iR
HEim e B, B KRR 22(6) : 593-599

M, 2, BRSE. 2008, 0 BL AR A6 W 06 B 1R A . AR
K2 tBERBHE AR, 38CHYF) . 204-208

N1 ABFEME, LBL 1994, AL IR A I 25 40 A R AE RO S R T
KB ARG Z MM KR, BG4, 5(3): 297-303

NFy. 1997, ZRAC Y 8 RS E B (9 4y M E Y. KRR, 21(3):
297-307

NI, TR, MRS, 20000 H AR ALV I R M S B KO R AR
WS HRHIE R AT, A4, 58(6) : 704-714

NIy, ZERI. 2001, 1998 AR FA B AR AL ¥2 16 K 58 T 2o 2R 1 18 T 43
Bi. KSR, 25(3) . 342-354

INIT s WL E AR, 2002, 1998 4F B 2= iV AR A VLI 4 AR b
o T R T IR B IR A BT TG 24 4, 13(2) 1 156-162



716

FvE=. 1980, MR Z &/, dtut. Bh2 i Miak, 225pp

A, AR, A, 19920 AKJLE. dbat. KR ML,
219pp

Ambaum M H P, Hoskins B J, Stephenson D B. 2001. Arctic Os-
cillation or North Atlantic Oscillation? ] Climate, 14 (16):
3495-3507

Ambaum M H P, Hoskins BJ. 2002. The NAO troposphere-strato-
sphere connection. J Climate, 15(14) . 1969-1978

Barnston A G, Livezey R E. 1987. Classification, seasonality and
persistence of low-frequency atmospheric circulation patterns.
Mon Wea Rev, 115(6) . 1083-1126

Ghil M, Allen M R, Dettinger M D. et al. 2002. Advanced spectral
methods for climatic time series. Rev Geophys, 40(1): 1003

Hoskins B J, Mclntyre M E, Robertson A W. 1985. On the use and
significance of isentropic potential vorticity maps. Quart J] Roy
Meteor Soc, 111(470) . 877-946

Hsieh Y P. 1949. An investigation of a selected cold vortex over
north America. ] Meteor, 6(6); 401-410

Hsieh Y P. 1950. On the formation of shear lines in the upper at-
mosphere. ] Meteor, 7(6) . 382-387

Hu K X, Lu RY, Wang D H. 2010. Seasonal climatology of cut-off
lows and associated precipitation patterns over Northeast Chi-
na. Meteor Atmos Phys, 106(1-2) . 37-48

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR
40-year reanalysis project. Bull Amer Meteor Soc, 77(3): 437-
471

Linkin M E, Nigam S. 2008. The North Pacific Oscillation-West
Pacific teleconnection pattern; Mature-phase structure and win-
ter impacts. J Climate, 21(9): 1979-1997

Palmén E. 1949. Origin and structure of high-level cyclones south of
the: Maximum westerlies. Tellus, 1(1); 22-31

K2 2012,70(4)

Acta Meteorologica Sinica

Palmén E, Nagler K M. 1949, The formation and structure of a
large-scale disturbance in the westerlies. ] Meteor, 6(4). 228-
242

Palmén E, Newton C W. 1969. Atmospheric Circulation Systems:
Their Structure and Physical Interpretation. New York: Aca-
demic Press, 273-285

Parker SS, Hawes ] T, Colucci SJ, et al. 1989. Climatology of 500
mb cyclones and anticyclones, 1950-85. Mon Wea Rev, 117
(3): 558-571

Peters D, Waugh D W. 1996. Influence of barotropic shear on the
poleward advection of upper-tropospheric air. J Atmos Sci, 53
(21) . 3013-3031

Thompson D W J, Wallace ] M. 1998. The Arctic Oscillation signa-
ture in the wintertime geopotential height and temperature
fields. Geophys Res Lett, 25(9): 1297-1300

Thomson D J. 1982. Spectrum estimation and harmonic analysis.
Proc IEEE, 70(9): 1055-1096

Thorncroft C D, Hoskins B J, Mclntyre M E. 1993. Two para-
digms of baroclinic-wave life-cycle behaviour. Quart J] Roy Me-
teor Soc, 119(509): 17-55

Tyrlis E, Hoskins B J. 2008. The morphology of northern hemi-
sphere blocking. J Atmos Sci, 65(5);: 1653-1665

Wallace ] M, Gutzler D S. 1981. Teleconnections in the geopoten-
tial height field during the Northern Hemisphere winter. Mon
Wea Rev, 109(4) . 784-812

Zhang C Q, Zhang Q H, Wang Y Q. et al. 2008. Climatology of
warm season cold vortices in East Asia: 1979-2005. Meteor At-
mos Phys, 100(1-4) . 291-301

Zhao S X, Sun J H. 2007. Study on cut-off low-pressure systems
with floods over Northeast Asia. Meteor Atmos Phys, 96 (1-
2): 159-180



