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Abstract The Northeast Cold Vortex (NECV), as an important component of the East Asian mid- to
high-latitude atmospheric circulation, has a significant impact on temperature and precipitation in Northeast and
North China. Utilizing the ERAS daily reanalysis dataset provided by the European Centre for Medium-Range
Weather Forecasts (ECMWF), an objective identification is carried out to obtain the Northeast Cold Vortex (NECV)
during the winter season from 1979 to 2020 and the life cycle, intensity, spatial distribution, and number of active
days of NECV are explored. Furthermore, an Index of Northeast Cold Vortex (NECVI) is defined to analyze the
multiscale features of NECV activity. Based on NECVI, Singular Value Decomposition (SVD) and regression
analyses were performed to examine the influence of NECV on winter temperatures in Northeast and North China
on intraseasonal scale. Results showed that over the 42 years, there were a total of 266 occurrences of NECV
activity during the winter season within the identification area (35°N -60°N, 115°E -145°E), mainly located in the
northern part of the identification area (45°N-60°N, 115°E-145°E), with an average life cycle of 4.3 days. The
intensity of the winter NECV and the NECVI both indicate a reversal in cold vortex strength in January and
February over the past 21 years, before 2000, the cold vortex intensity in January was stronger and in February
weaker, while after 2000, the intensity in January was weaker and in February stronger. There is significant
interannual variability in cold vortex activity, with a change period of 2-3 years for the cold vortex index, while the
intraseasonal oscillation period for the winter NECV mainly ranges from 10 to 40 days. Time-lag regression
indicates that during the development phase of the low-frequency cold vortex, two low-frequency wave trains are
present in the mid-to-high latitudes of the Northern Hemisphere. At day 0, a zonal low-frequency wave train with a
“+,-,+” configuration is located in the upper atmosphere from the Ural Mountains across Northeast Asia to areas
east of Japan. Simultaneously, a transition resembling a shift in the Arctic Oscillation (AO) from a positive to a
negative phase occurs between the high-latitude regions of East Asia and the polar regions. This pattern establishes
a low-frequency double-blocking structure, with blocking features over the Ural Mountains upstream and over the
Sea of Okhotsk and the western North Pacific downstream. This configuration enables the low-frequency cold
vortex to persist, leading to sustained cooling in Northeast and North China. And the occurrence of low-frequency
cold temperatures in the Northeast and North China region lags the low-frequency NECV by about 3-5 days.

Keywords Northeast Cold vortex (NECV), Boreal Winter, Multiscale, Extreme low temperature
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PIWHIE Cout-off low) 2 2 T USRI S IR AL, &4 i) SRt R 26 FE 7 ) 43 25
AL, AEPRHERE RS, —RITAERRIR B2 KIEHEZ A, Pk T ARILTEX
(Nieto et al., 2005; A1 /=%, 2020) MPIWHE X E KA A B —Hok IR E
ARIEHIIX (35°N-60°N, 115°E-145°E) HIVIWHR SRR 2 AR Ab¥is (P55, 1994) .

RIGR IR — U Z AT KA, FEK AR REY], X2 (Huetal., 2010; Fang
et al., 2022; FBSZAESE, 2023) o L% (2018) & UH FEARBECRIR A RIS
AL, IR AR ALV s B R I B B AR PR AR AURRAE, 2000 AEHT, ¥4 WA TE B S A
MR, ZJERRIREE. A (2022) JEIEXHE 41 SEARITEEIEHT T, RBLAEAIRIIK
F71E 17a 9+ Sa LK 3a MRS . ZRAGA RIS S AME 238 BRAR Ab- R db X B 2RI,
B K S8 R R, 2 N AT AR A 7= ok KB, 38 2 XV IfEME I LA e AR R i
IR KIS Bosgma (i 43855, 20065 R4S, 20105 Liuetal, 2019; Fang et al., 2021;
ZIAPEEE, 2024) , SRR IHE. FMF1 (1997) FRH, 500 hPa 25k TH_E AR ILA IR IE SN
FEX IR RSN RG BOGERAI X, X ER S (2012) RIMEFERILAREN IR
G AMALL 10-30 d N, HARIGAIRIESIH DS R SIRR 10-30d $R 3% 1R 45 H Z=REK
S B R RBIHE R

M THEZE, RELFSIRIEIMNED, BHAGIEK, SGHERE, M TRE
b IXJr 1 R A BB B AR (BN AV R, 2023); AR ARILA RS 4 K
X R R AR R ERAREE, 2021) , FREILT X &K
KA AR R R RIE B CHREE, 20205 XIBIEREE, 20215 #H%, 2022) . A
S8R P PR AR AL VA 0 2R T 3 R K S G AN TR], & B AR EmT (IR, S AERRAE, MR
AR, FREEIT ]RK, 2 IRR (BHTFE45, 2011; Xie and Bueh, 2015; Zhuo et al., 2022).

DA ZR AR I FU R Z AR TE R 22 SR AR R A B IE S 50N, e AR (K i i
BRRKEE NN B, 2021; RS, 2022) , BT RGO TREZ K] 2
EROW, AR 42 FEHOTETE, WAERIGAIRETEWRAEIEE, T84T
FRACA TR TS AR FRGIIR) . B K FLI 2 0 A RFAE, SR AR R ALA TR 22 1) ]
I J oo A2 FE IR, 43T A 2R BT X I (9 2870 9 R R IRLARFAE A ot AR k-4 bt
XA IR M . ASCEE AR 51F, BRI, RIS REERHE, AL
ARSI ESIRRC R, SivEiTit.

1. \R5HE

1.1. %%l
(1) 1B HBARSIE (Tmin) : 5K B H E 0 B AR AR HAE 0.5°%0.5°4% B 4E (v2.0),
ZHIRERIET P E 2472 ANEFR PSR G0 AR ERB RN
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(2) FE/KBUR: B RAFREZEA (2013) FF A E LA 2400 AubF9LERL, A4
SPIEMT VR, H AU AR SF 3 43 AR S & AR B 0E H I EOE KT A B
0.25°x0.25°,
(3) W W IR A TR A0 (ECMWEF) #2445 ERAS & /N FE4 BT ¥k
(Hersbach et al., 2020) , HE—BAFEGEHEWE, KPR N 1°0x1°, B E
4% 500nPa 7 5 w5 B AR B2 3 DA S 2m il

KZRE XCNYSAE 12 A-IRE 2 A (2 AEL28 KD , HEBFERAD R A4 s
%, HHIRATE F KRR AT, BN 1979-2021 4R35 H B dkAT ki, 10 it gl s
4 Z 80 . AP R IR BRI 3528 1979 4F 1 H-2021 4F 12 H, 3L 42 4.
1.2. 1&ERBERE X

AHF SR B S AR AR IR IE, th TR AR (RS R, 420 44F 12 H-IKEE
2 [, 3, HERH HBME R 7724 A R H AR BRI -BI{E (TMSTH) <=0)
FRIFRAE o

HR{EE X: % Peng and Bueh (2011) XA RIE S, R SFEH LILATE & 2
REE 5 KM HBACSIRIEREK, BEREAECY 5 Kx42 15, & FHS1, BUE 10
EMAEAE A RS £ R AR IR I (2 HEC28 KD &

1.3. RIGRBREIIRA T

WHRINIIZE (1994) FREHIZRILAE XL, HZ% Hu et al. (20100 #2HAIZRALA
(Northeast Cold Vortex, NECV) MR 7578, 5 RS BT F 70 0T SRS 2= 0 R 22 57
F R ACA IR KT R, ASCTE Hu et al. (2010) FIIRBIARHEIERSE F, SHRHIX ( 35°-60°N,
115°-145°E)JG [ A 500hPa 1w L7 (10 F Wl i — 26 225K, BRIV Hh O fr) SR a8 PO s i /b
N2AS, RN AR ZEE SO/ T 10 £05/d, HARRBIRHELS Huetal (20100 —FL.

P A 2R ) 1979-2020 FEAZARALREIE (R 1D, N T RIEZR R AU
AR, BEMIRA PR RIS (59 A) RIGAREHE (8D S5 HE 0 ERHR T 1
v H IR BEAT X EE . BL 2008-2017 4EREZ= 0], 10 ERRZEILVUNIH 724 d ZRALA AT
B, Ak H PRI 614 d, AR H AN A RIS B3 402 d, SEBR OIS AR H
PR 65% M AR IR S5 MR I REEAR—3: TEH IR 129 RGN R+
ST E A 98 WK, BT 75% 1 SE VLI 15 1 VA TS S A R H R . A R v
5 LRI AR B A IR AEAE D B 4y 22 57, (BB R B SE BRI 5 B A AT BRI AN, JF B3k
B SIS RO TRIRG A 120, T AR SCHA IR 2 IR BRI (R IRTBE oy 1d, A7 7T LA B A R e 47 1)
FMARAARIE AR . LA 2008 =M1, 7E R — A B 9 A AL BT B A IR p L & (4
FE) 5 SERR AR BV T O 2 B (AR A G R %N 0.82 (0.76) , ¥t T 0=0.01
(OE AR oL o

HE— B R AR AT A 224 E 3 H 40 b 9 2m Al BR/KIE T AR DG BT (I
D, SRR, MATAIRIUKET, FRIEKH 1 X R INRIERAD R, R AT B0
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Table 1 Dataset of NECV of winter season from 1979 to 2020 (units: dagpm)

s HBLTE A AL E LSRR TR TE ZiRALE LGRS

1 1980/01/04  (55°N,132°E) 491 1980/01/13  (51°N,127°E) 498
2 1980/01/15  (50°N,123°E) 501 1980/01/20  (47°N,131°E) 507
3 1980/01/30  (56°N,141°E) 516 1980/02/03  (51°N,139°E) 502
264 2021/01/30  (58°N,124°E) 501 2021/02/02  (53°N,134°E) 486

265  2021/02/13  (56°N,122°E) 514 2021/02/15  (56°N,124°E) 509
266 2021/02/22  (57°N,128°E) 509 2021/02/25  (51°N,134°E) 515
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Fig.1 Distribution of correlation coefficients between the number of NECV days and winter temperature (a) and

precipitation (b) from 1979 to 2020. (Dotted areas denote pass the 90% confidence level.)
2. ZERILRRESIRIE

B BT ORI T, AE 1979-2020 42 (12-2 ) HARGIH 266 AR IEA IR
e, A IRIESh H BT 1151 do AERCERRN b, X0 DX A Z= AR AL WG SRR AEEAT 70
BT o
2.1. AiREai

T 42 AT, ZRACVIRIE SRR I A RR LI A2 4.3 d, 81.6% M R4 dr iy 3-5d

(B 220, P 2E @l 3 d BV IRATIRCN 116 VK, o5 LB A IRATTIR 43.6% 4545, R 21 10.5%
FEA ARG AN 7d KA L, WAL IRIE T RARNE RS, G e kRl
Pho BRAMHAA 9-10 d IRIR, BACRELTRIGA R AP, HAREIKBD, 2
WHIHEIE AR (2023) BFALR 8 REKAMITAREEL 12 H, A5 12d,
HI—. MHBREKE (B 2b) , 1 Atrdin kKA eE, 35t 101 &, 12 A &b,
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Fig. 2 (a)Percentage of different lifetimes of winter NECV (b) Inter-monthly variation in the frequency of winter
NECYV with different lifetimes from 1979 to 2020.
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Fig. 3 The number of the winter NCEV activity days (bars) and frequency (black line) from 1979 to 2020. (black

dashed line denotes the linear trend of the activity days; yellow dashed line denotes the 9-year moving average of
the activity days).
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Fig. 4 Box plot distribution of the intensity of the winter NCEVs (units: dagpm) from 1979 to 2020. The top
(bottom) horizontal line indicates the estimated maximum (minimum) value, the upper (lower) boundary of the
rectangle represents the 75th (25th) percentile, the dots outside the rectangle signify outliers, and the horizontal

line (dot) inside the rectangle denotes the median (mean) value.

£ 219792020 FAFRILATAREIIME CGRAL: dagpm)
Table 2 Averaged intensity of winter NECVS from 1979 to 2020 (units: dagpm).

1979-2020 F145{& 1979-1999 F14{& 2000-2020 &
£F 507.3 507.6 507.2
128 508.4 510.0 507.0
18 506.6 503.6* 509.6%
2 B 507.3 511.2%* 503.6%*

T+ AR H 72 90, 95 HIEAE K
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Fig. 5 Spatial distribution of the frequency of winter NCEV centers from 1979 to 2020 (units: times).
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Fig. 6 Schematic diagram of the averaged 500 hPa geopotential height (black line) and temperature (dashed line)
over the (45°N-60°N, 115°E-145°E), and NECV activity (dots) from December 1, 1990 to February 28, 1991.
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Fig. 7 (a)-(c) NECVI (black line) and its 9-year moving average (yellow dashed line) and linear trend (black
dashed line) of winter, January and February from 1979 to 2020. (d) Power spectrum analysis of the winter
NECVL
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10-40d [X [8] PY3EL T 95%ZL e ki (P 8a) , FFHL7E 30d B A A B A . Rk, WL
N9 10-40d HR37 2 & 2= AR AL IR TG BN 2= N AR 3R 225 1

XA ZEA R IRIIX 10-40d S5 ) 500hPa 1734 34T EOF 43R (K 8b) , Hrf
BT ZE TR IL B 47.78%. HAHE )RR X — S FuE,  HoA e Ao AL T
45°N DLALHE X, 1X 5 & Z= i T B0 I8 ROVE Il — 35 B T PCL B BR R R B A IRTE B iR 58,
1M NECVI Jx 2., Bt PC1 S i SCHE 7843 2 10-40d 3835 ) NECVIx (-1) #EATAHIC )
B, R AHRREOAS] 0.97 GEIE T 99%MBREAKTF) » W F—8, #— Wik T Hr
WA IR B G SIE T, B R & T H T RAER I IRZE A,

% 3 AEL IR S KBTI R

Table 3 Correlation coefficients between the Winter NECVI and various physical element sequences.

i H#ud IR ViR /dagpm TMSTH/°C

NECVI/dagpm -0.26* -0.27* 0.67%* 0.60%*

e *y o pREE F 72 90, 95 IE(E KT
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Fig. 8 (a) Averaged power spectrum analysis of winter NECVI from 1979 to 2020. (b) Spatial distribution of the
first mode of EOF decomposition of the 10-40d filtered 500 hPa geopotential height.

4. ZFERIARHIFTAZUERERRR

EARTTERY, AR SERERIL. I RAEEVIRR (K1, £3) .
FlaHE X RS TMSTH 2382 IR 8% EHK (B9, UM,
AB-ZR AL IR, K24 AER 0 5 - R IURIRA EE R R, T SR I ChREE, 2020;
WS, 2022) fiEH, RESUREE, WieiishiiR.

Latitude

125°E 130°E
Longtitude

Kl 91979-2020 fF4ZFJ5#% NECVI 5 TMSTH MM (5T mARznilid 99%(5 B B KP XD .
Fig. 9 Correlation coefficients distribution between the detrended winter NECVI and TMSTH from 1979 to 2020

(the dotted areas represent regions passing the 99% confidence level).

ATNBIRE TSR B, 2= NIRRT md KRN — N EE R, S5 ER X SR
IR Ef R (2%, 2018) , Gao et al. (2022) W78 RIL A Jb-Ab X B4 2% H
HOTH B AR SR LA 10-30d FMERATE HH, 7EXHRZE H JZ 520 R Jb- b b X AR (R IR FE A 2
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AGPA- I 43 T U I FIRE A 205 ARG AR (18] 8) o B I BIZRT IR /& i A
TR — A EZ R TARMEAIR,  IZE N R R84 AR Ab v i 6 B AR AE- AR b X s
TRERR IR ARAT 2L B, 2 F R NECVI £ 10-40d Z=715 ¥ B 53R 4 k-
b (39°N-54°N, 115°E-135°E) HuIXIRZHISC R, PHAARBUR L7 s 1 E AR Jb- e b it
X RRAL M AR I R R A R T I AR 5

1979-2020 4F 10-40d JEJ% J5 (14 Z AR Jb- 1k X H B SE-RE (TMSTHD 5[FRI#IL
FBRACHT 500hPa 7%= 7 SVD F- ik 26 — X 2R | 7 A an &l 10 s, Ho7 Z ok
N 44.53%, _HBIEREAOCN 0.52 Hilid T 95%m BEK . HER LA H 2R db-
At b DX H B PR AT IR ST 5 i 8 5 X A BRI 7 58 8] D ST s 2R S0 A7 6 — S B Pl 1)
TR “oy -y Ay -y 7 ARSI, A0 A BT RRINPE R, B APE, iR - DUnOR
WX, ZRAGE 3 H A J SR S ig -0 RSP X, Horh ZR A6 2 H A B2l bt
gEE IR R/REOT A, MR R] H AN B G RAI S00hPa {7 34 =1 B 47 7 ol iy, 52
8 3 7E 5 3 2 - DUBI R T8 3 DX AR5 8 YR S - A G A3 3 XA (AR E e e o X R IR
SUARAC VAR T A R i s A 5 R 2R L= DU R W X DA K 58 8 ¢ o ¥ - L KT P b X 1Y
AEATIBE ZE i R W A, ARATIBH -5 AR 640 1) B[R0 44 Pt i ) AR B - b bt DX ARG o A Ok
JRA B RFM .

a) 1st pattern of left 44.53%
(a) Istp:
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Kl 10 1979-2020 4F4-Z 10-40d #Ep 5 HI A ZZRAE- b X TMSTH (2375, ) SIRBIEAER 500 hPa fi7
i (hish, b) SVD S E— X 7 A m A A

Fig. 10 Heterogeneous spatial mode of the first pair of SVD decomposition for 10-40d filtered (a) TMSTH over
the Northeast and North China region and (b) the 500 hPa geopotential height over the Northern Hemisphere from
1979 to 2020 winter.

FE—20 % 10-40d JEH 5 HY 500hPa 47 H = B AT 2m Al GEE, H472°C) [B] 93] NECVIxX
1D (E11al-cl) , KBERETT S, KOV KK B ERE S E X 2 R0 ESFE—
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FA A2 A TR U X P, e Bl S AR ot DX DA R T K v 2 R DA AR L DX T AR AT
XUBHIETE S, AR IRTELLRR IS K A SRR, A AR AL, dbthX, % 5d
i, JEPREREB AR 345 -5d B JLTAH R, AR i 26 P X 5 At b DX 52 Rl 7 28480 AO A
TEALAR B AR TR A, T I K o 26 1] AR AT Bt R A T %R

R FE A, B AR AL- b X T R B R E 3 47, TR AR db-tEdEHhIX. 10-40d 7@
JEBE I TMSTH B3] NECVIx (-1) HIZ5REN (B 11 a2-c2) , AT % 5d 1,
FRAb-HEdbHh X RPN A X — BRI E 58, PO A IR ik — 2D R R HE#imE
1 AR AL- A b XORTHAR RSB IR, (AR A2, FFIETESS od B X ARAb-fRdbih X i
FS R R ) A7 S B R AEL, THRAE 3-5d TR U i i KA HI AR R . IR BN T 428
HAC-HEACH X R &, H SRR N B %S TR ILAIR 3-5d, ARdb-Hdbih
DX A ity 5 e PR AR A 52 38 T ARATA A IR 50

(al)-5d R (b1)0d (c1)5d

z
g

&
2

o« (a2)-5d (b2)0d oy (€254

e -~
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o I P L o
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Bl 11 AT 5d (al) + 0d (b1) FIJS 5d (c1) 10-40d #E3 /5 1) S00hPa 734 1 (S5MEHLE, H47 dagpm)
A 2m SR (G, B0 BRIAEFIAE] NECVIx (-1 MIZER: a2-c2 [A al-cl {Hy 10-40d W5
1 TMSTH CEHEARZRAIRINIX, T mdoRiiid 99% 5 i B KFIXED .

Fig. 11 Lead-lag regression results of the 10-40d filtered 500 hPa geopotential height (contours, units: dagpm) and
2-meter temperature (shaded, units: ‘C) onto NECVIx (-1) for (al) 5 days lead, (b1) 0 days, and (c1) 5 days lag.
Panels (a2)- (c2) are the same as (al)- (c1) but for the 10-40 day filtered TMSTH. (The black box indicates the

cold vortex identification region, and the dotted areas represent regions passing the 99% confidence level).
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5. BRE5TR

TERRIAZR X RS SEN BERR ARG —, FLFAROIN . XFRRE
FBERFE K H BT IR G A OGRS b . AT FE4RH (Gao et al., 2022) % Jb-1E
AGH X R YE B AT IR F A AR B, PR B A R SR A W T 2l o BRI AR SOH 1979-2020
FEATERILARIATERG], JExTHBRAE . 218045 LSS 3h B 5t AT Geit- by, R0t
AZERACATRTE SIS RN R) R B AR ARRAE, I35 B AR AT P RS B S R I bt X
W IGIR A K R AT T WP IR . 25t .

(1) L 42 42, 7ERTIX (45°-60°N, 125°-145°E) FLHBL 266 A ILARTE ST
FE, b 1151 d, FHRAEL 63K, 274 di AFHRICAIRITFIIEMIEN 4.3 d, 80.7%
AW AE G IN 3-5d, BKTTIA 12 ds 2RI T RIREL)N 507.4 dagpm, Hfr 1 A
HRACA IR A R, SR R . AZEAIR L B AR X S AR TE U X IR AR L R BR
(50°N-60°N, 125°E-145°E) .

(2) AZERIA KSR G5 H BRI RN R, £FRI0A
SR EEFT NECVI Fa 55 et 1 H AT 2 H A ISR EELE 2000 SFHT 5 21 FERAERAT: ARk
ABIIR . B H AL SRR NECVI F8EUEAE I R M AR BRI RHE, AR AICRTTE 2 H 2
FANHABIF—5E, ZFHZ AR RECH 0.88. NECVI 1REUFA1E M R 2-3a JE AR
W, TAZEARACAIAZETT ARG AL 10-40 d 3.

(3) EERRRE, AZFRIGARS R, EAuth XARRCRAE EADE, A iR H
BRI fEE T RE b, UARAG, SRt DOR ARG B I IR ET, dbbakrb
JE M X AAAE P SCARAE 51, e ZR A0 b2 f B A AR SR R4 WA S 2, B IS
PR —E AR T AR, b XORYE B AR IR A A, 9 J5 A4 3-5d TE AR Jb-#R b X
T2 A S e LA K . X R BN T AZERAL-Rdb X R i &, RS IR 1 R A= 7%
JE TSR LA iR 3-5d.

50 ZE iR ARG I FOAE B CAEOREE, 2012) , AZ= R 404 B A 10-40d
2T AR . A RAAR AL RIS Bl 22 1 B AR Ab-HeA b X RS 1 3 il . 4 A0
IR, TR AEARATE R 2, A s B A R SR R S S RS AR L
BRI R ? B RIS AR Ab- At X 5 PR R 1 R A 4 ? S EZREAP NG
) 5 FIAE AT S e MR N (BE 29, 19905 XIEGHEE, 2012) A, XFMILEF
Vi A BT TN S 2K I B 28 B AR A M X A7 — A 170 8 A R AR 7, 19 S g A
AFLE R X RIS K o AR AT, 35 v BE A AR AE SROAH A0 AT, s —Fh2E AO MRS, X PSS Al
[ B 2 e — RS B AR T 0 2 SR AR FRATT T — 0 BRI o L
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