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Abstract The Northeast China Cold Vortex (NCCV) is a major precipitation-producing weather system in northern China. Based on
the ERA-Interim reanalysis data, the NCCV cases from April to September during 2009—2018 are identified and objectively clustered
into 5 categories according to the location of the NCCV center. Among them, the northwest type, northeast type and southeast type
continental NCCVs, named based on their locations, have significant impacts on northern China. The NCCV decay mainly involves
two processes: The erosion of upper level PV (potential vorticity) by diabatic heating and reabsorption of the vortex PV back into the
stratospheric reservoir. Statistical characteristics of the three types of continental NCCV that decay in the above two ways
respectively are compared and analyzed. It is found that: (1) The decay of the northwest and southeast vortexes is mostly caused by
diabatic processes, while the decay of the NCCVs is mostly attributed to reabsorption; (2) the intensity of the reabsorption decay type
is generally stronger than that of diabatic decay type, as the north stratospheric reservoir is closer to the former. Besides, the latter is
continuously weakened by latent heat release associated with precipitation; (3) the lifetime as well as the fraction of the decay phase
for the diabatic decay type are longer than those of reabsorption decay type; (4) the location of the high-level trough relative to the
NCCV and precipitation within the NCCV are two main factors that impact the NCCV decay. Strong precipitation near the NCCV
center can directly erode the core of the vortex, resulting in diabatic decay. When the NCCV is ahead of or at the bottom of the high-
level trough, the NCCV can be easily advected northward, leading to its absorption by the stratospheric reservoir.
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Fig. 1 Spatial distribution of the NCCV center at its mature phase from April to September during 2009—2018 (colored dots

and numbers represent different kinds of the NCCV objective clusters, large colored dots with black edge represent mean locations of the

objective clusters)

FR RIS, 26 2 % IR T R %28 L &
NP3 q o | NS N o N i N R I R P73 3 s
W51 400 8 e AL, LR R RIS T 5 3 26
VAL B L 7 T AR LT JEU R A S v T X
PIRRR R 2598 i o 5 4 FIEE 5 2RI AL IR ]
T H AW LI . AR A6 1R B R 20 B K 322 0 A
FEVR TR I 7R 2 R g M, R b O ok 8004 0%, 7 3 U3
T AR 22 2R T 0 7 I3 7K XoF e [ 2R G il X5 e D
WA, R A I T H T 5 R R v T A A ) ik 22
SR WA R R R R AER KR ER . &
T ERER, SCh i g A F IR 2 K% N, &
ST 3 ZEXT v [ AR b b DX A 5 ) ) K i 75
AL IR
3 RACERIRIET Hr B G IHRRE

AR ZE B AR L Ve W8 09 GE TR AE, AN 4F S i IA]
SR BRI AEE R, BI24H 38K
Pl 780 ¥ TR AR5 252 s ) R 5 B A 000 38 55 MR 3 A, I Ak
B — B R B DX ) A 0 3 SR i X ] P Y RS R
Bili P WA R AR 5 i R IR BB L . T LUE B,
RIRRFLE AT LA 2—5 d o 325 3 8% 10 ik B MR 43
A1 H 52 OB AY, WA 43 51 60—90 gpm il 120—

150 gpm. oo, PUdbZA R RrLemt i, #id 4 d
V8 W AT R e K, BB 7 d i 2 80k g 28 %
Wo LTS, ZRJ0 2898 18 B Rr Lk i a1 i 75 b
B, 60% LU B AR IR IR R i (B) 45 T 4 d,
R AUV W AE 3 25 WA s v R o LU dR ok, Horp
H15% A4 210 gpm. A BRI 2 3 2%
Ve TR P R R 55 BV TR, 4 R 2 B T R TR i
X T 180 gpm, {H H 2L it o] g K F AL KB iR,
80% LA LAY 7R p JEWR IR FE S (4K T 3 do BT
T, 3 K IR TP LIS IR R R A, AR LS
7 0 1 3 R o

K345 ith T 3 KRR IR BRAR 40 M . PEIE2R IR
(1 B4R BN VEAC— 2R R ), K43 e AL 28 1R 4
Uy G 2R 2] T A A7 S AU, X AT R R P Ry
PEALIEE IR TE S OB A P E AL IX AT E
AT RN — 2 B, Wk A G s A B B B, AR
BJF, PEACS IR Ak Sk 1) AR B Bh A FE R, LU
T BRI K TR R B (K 3a) . RALFKE IR
() B A2 DL PG 18] 2R DR 32, A6 /N %2 0 I I L)
BRI, 76 3 KRR RIL KR I T
B Al (& 3b), o RH o AR b 2898 1 7E BV
SEAEIE TS . AR IR SR 1 5 PR

h(l



WFBAE . 4—9 A RICAKBEENS R4 T2 X L H S T HEE 731
0.40 (a) ] ° 0 NW | 12
= NE
035 | I SE
10
030 | °
> 4
2 025 | oz
_g /] E
S 020t 16 Z
(=]
0.15
° ® 14
0.10 |
0.05 | ‘ 12
(] @
=
0 . . 0
1 2 3 4 5 6 7 8 9 10 11 12
Lifetime (d)
= NW
025 | (b) == NE | 12
3 SE
{10
020 |
z 18 5
= 2
§ 0.15 ® E
E O 16 z
0.10 | u
U {4
L]
0.05 | 15
0 u';m 0

90 120 150

180 210 240 270 300 330

Intensity (gpm)

B2 KRR (a) RRE2af AT (b) SRBEMIER (HAR) SHR (74%) 431
Fig. 2 Probability (bars) and number (lines) of (a) lifetime and (b) intensity of continental NCCVs
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Fig.3 Tracks of continental NCCVs (a. northwest vortex, b. northeast vortex, c. southeast vortex; black lines represent the tracks of

the NCCVs; red, black and blue dots represent center locations of the NCCVs at their initial, mature, and decay phases, respectively)
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Fig. 7 Box-and-whiskers plots of the continental NCCV mean (a, b) intensity, (c, d) latitude at decay phase and (e, f)
lifetime under two decay scenarios (shaded boxes span over the 25th and 75th percentiles, and whiskers extend downward to the

minimum and upward to the maximum of the data, median values are marked by black lines in the boxes)
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Fig. 8 Horizontal distributions of mean potential vorticity anomalies of southeast vortex between 200—300 hPa (a. diabatic

decay, b. reabsorption; the red, gray and blue contours represent potential vorticity (unit: PVU) distribution at the initial, mature and decay

phase, respectively; the stars represent the locations of the NCCVs)
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Fig. 9 Composite daily accumulated precipitation at mature phase of continental vortex under the two decay scenarios (a, b.
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wind at 850 hPa at the mature phase)

AN 10 B s, P I WSO TV i X L Y e S T
ST AR TV e, B AL X B TR )R
TP SR R, AR XU T AR PO T T
PRI T A PE LR 5 AR R I i (18] 10b, )
TEH T I 22057 T g 2 R G 90 sl R AT, i o - 3
R v 108 o O i L7 U ] A i 3K, ol P =
Fe AL s PRI AH L 2T, AR 48 PR T A P L S A
AREEVR T (1] 102, ) 75 T 220 e J2 52 154 5t J32 )
AR5, HLIREE N7 22 B 55 4 A0 XU sl 5 55 AR, AN
M T RGN RIS 10c, d) #Ap
TH T2 77 3008 B 4 1 28 PR R IE 22 S /N, (EL 4 B 22

S, AR 4 PR TR (& 10c) Jir A 437 AR X O P
AR AEBE AL AN v 7 T PR Tl DL, Vo T R L e =S
B AR 7 B — o TR b ) AR AL V2 i3 R G
M WS T B RT BB, A v i T e JE A B IS
I B e 0~ 9 2 v S e U R OIS T . A BT
TR, H T SO TV T AR SR IR A T DR
T, BB 2 D A i R AR A v MR T A2 £ o
JEE, TR B v i R SR B L RE Al Ve I8 P I
Wi o 3ok PR DA V4 i R R ORI B A SR AT
S8, ATV T R N Y B T A R [
B AR 4 POH TRV T, HEAZ B R R AL IR Y



WA 4—9 A ARJURRERL S i T 07 sU L SR E

45

35

45

35

45

35

110 120 130 140°E

55°N

737

55°N

55°N

110 120 130 140°E

FL10 PR T ORRE A2 W TS To0 20 250 hPa JE 3497 (a. b, PHALKR M, o d. AILER R, e £ RREAH: a, o\ e 4R
THTZ i, by d. PR T W5 PR O SEELR 250 hPa (35 mi BE, Hifi: gpm; L ASE L T T2 2] 300—200 hPa V-7 14 B 43
Ay, Bz PVU; @ 250 hPa £ ] MUK, 7k U3 250 hPa /K- X4%)

Fig. 10 Continental vortex composite environmental conditions at decay phase under the two decay scenarios (a, b. northwest

vortex, ¢, d. northeast vortex, e, f. southeast vortex; a, c, e. diabatic decay, b, d, f. reabsorption decay; geopotential height at 250 hPa, black

contours, unit: gpm; v-component wind velocity at 250 hPa, shaded, horizontal wind at 250 hPa, vectors; and potential vorticity anomaly

between 200—300 hPa, red contours, unit: PVU)
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