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Association of Concurrent Variation between the East Asian Polar Front
and Subtropical Jets with Winter Cold Air Activity in China
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Abstract Winter cold air activity was examined in terms of the concurrent intensity variation between the East Asian
polar front jet (EAPJ) and subtropical jet (EASJ) using NCEP/NCAR reanalysis dataset and observed daily temperature
datasets from stations in China. The regional averages of 300-hPa wind over two domains (45°-60°N, 70°-110°E;
27.5°=37.5°N, 130°-160°E) were used to measure the strength of the East Asian polar front and subtropical jets. The
results were classified into four situations based on jet intensity changes: strong EAPJ corresponding to strong EASJ(SS);
weak EAPJ corresponding to weak EASJ (WW); strong EAPJ corresponding to weak EASJ(SW); and weak EAPJ
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corresponding to strong EASJ (WS). Then, the features of the winter cold air activity were analyzed with respect to cold

air intensity, route, duration, and origin, taking the jet intensity changes into account. During the SS situation, it was

found that relatively weak cold air activity with short duration intrudes into the inland and coastal regions of northeastern

China from Inner Mongolia. The genesis of the cold air can be traced back to the region to the east of Novaya Zemlya.

During the WW situation, strong cold air activity with long duration intrudes into most parts of China from northern

Xinjiang. The genesis of this cold air can be traced back to the west of Lake Balkhash. During the SW situation, relatively

strong cold air activity with short duration intrudes into North China from the northeast, with no obvious temperature

drop . The genesis of the cold air in this situation can be traced back to western Siberia. During the WS situation,

relatively weak cold air activity intrudes from Inner Mongolia, affecting almost all of eastern China. The genesis of this

cold air can be traced back to the west of Lake Baikal. Circulation features corresponding to the different jet intensity

changes were also analyzed. During the WW situation, the Siberian high and Aleutian low are relatively strong and weak,

respectively; moreover, the East Asian trough is relatively deep, and the northerly wind in eastern China is strong. During

the WS situation, both the Siberian high and Aleutian low are relatively strong, the East Asian trough is deep, and the

northerly wind in eastern China is weak. For the other two situations (WS and SW), the Siberian high is relatively weak,

the East Asian trough is shallow, and the northerly wind in eastern China is weak.

Keywords Polar front jet, Subtropical jet, Concurrent variation of two jets, Cold air activity
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Fig. 1 Geographical distribution of correlations between the regional mean of 1000-hPa meridional wind speed over the domain (25°-50°N, 105°-120°E) and

300-hPa wind speed in each grid over East Asia (shaded, the threshold values at the 95% and 99% confidence levels of significance are 0.35 and 0.45), and

climatological means of 300-hPa wind speed (contours, units: m s
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Fig. 3 Geographical distribution of 24 h temperature change with the occurrence of strong East Asian Polar Jet (EAPJ) and strong East Asian Subtropical Jet
(EASJ) (units: °C): (a) Temperature difference between the first day of the current pentad and the last day of the pre-pentad; (b) between the second day and the first
day of the current pentad; (c) between the third day and the second day of the current pentad; (d) between the fourth day and the third day of the current pentad
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Fig. 4 The same as in Fig. 3, but for weak EAPJ and weak EASJ




13 W PRAE A2 2R B3 SR Y SR P R AR A S FR Ve s Bl R &R

No.1 YE Dan et al. Association of Concurrent Variation between the East Asian Polar Front and Subtropical Jets with ... 151

Hnl G, IX R A BT b e e A B A 1 B
W, ZJEEOKBEER X R R AL P EREE ), B
SNHTERALEEANAR, A 5m g, PRI R,
HRFLEI A, o D R4 By X, iX P
WS TG AR . T 5 R AR AR, F B
RS (SW) IHHLT 24 h AR, MWE T ATE
Bl 2 A BB AR BRI U g A0 ) vh B e 5,
TR B IE ARG, o [ R AN s, B
SRFER TR, (RIS (A, XGOS R —
o K6 Ay, |G S (WS 1
BUT 24 h AR ], ARG R A S AR Y
SR, HEMT R A AN IR E A b, BRI 5
FEAK, AHSE M B A TR E BT, IR
KBS AL 7 B AR AR
33 ATHIFEHAFHE

h T T B A SRR A S A R S DU R AR
A LT R B IR FRvA 2 A, B0 B SC
VT B 5 R R b W I B T A R AR
Wi 3 622 T 1~2 fi% 850 hiPa fiz 255 Rl v JiE i S
(Kl 7). ¥l 7a /& EAPJ 5. EASJ 5% (SS) I, ¥
25 e T P A% P i P BT, NIRRT LR
RTINS D LOPE T T4 i
o b, ST 1200, SRR B IA #] —2°C,
I B AN 3w B BRSP4 SR
WE AT —En CEm, SR R R E
2, AR, AR IR AR TR P 5
PR ARSI o FH AT, P S S A AR R e P
] (1) 3 S A B 5 DA X, 567 B A v4
AR Gy LRI hr it sop g AR gD —
. K 7b /& EAPJ 55. EASI 55 (WW) I
S B = /PR R BT, IR ATRLE ), i
J5E AP PR KA DX A - B IR W AT () 7 38, e KL
FEBE TR 2] —1.5°C, T —fi5 FIL AR A F gD
R, B AR AR 2 ERIE AT,
KU PRk B —3°C, Wubrl &, P2 e
IS 52 Wi e [ 1 ¥4 4 A AT T 2R 8 A DAV )
KBt b, 5 TR MR FR I v 2 S i i — 38,
RN T A A E . B 7e s EAPJ 5.
EASJ 55 (SW) I8, 475 52 M 3 [ 57— P il i
PR, BT LA B, W AR R~ R AR X A T
PSR A A H DX, 5 il B PRP A 3 —2.4°C,
[ I A7 A — AN A e P A BRSBTSt
S I ARGHY 55 I e R R A A A T

VAR AR PG, 5 AR b2 S SR AR —
. 8 7d J& EAPJ 5. EASJ 5% (WS) I, #4575
S0 I TV AR (AL P B TS LR SR B R KA X
P FERIEAT], BRSPS, —EY R
B, MRKE KRS B b 5 DL A7 — A
PRSPy, JF AT — AN #m B AP O AE X
N, ST AR VA S AR I A — S

34 KSINFHHE

N T BRIV 2 B i R R AR A A 3
SRR R, AL N R TT 2A
I 5 P55 AR AR 1) DU R TS I [ IR AU A, 28
S MRS R 500 hPa i fiig . ek
RN VER Eady 35K 2 L1 1000 hPa % 8 X7 5%
ANEl R R R AE o LR 34 R M - i 2 1
FEE37.

B 8 25 HA IR 2 Uit i P DU B AR A A% T T Y- 1
SR i B LT3 . Kl 8 S 2 nT LLE H
PR SC IR [F 3 P AR A A T T AP R gy s RISeT B
FE R O B ) 2 5, IS 2059 (WWD i,
B B I s H O LAl =P R 45,  BEAPT 59,
EASJ 58 (WS) HIE LT Bl B PRI A VG o %)
FPGAARNE s e (O &, DRSS ZE AR, 2
EAPJ S [F) PR E &L (SS F1 SW), AH# T EAPJ 55
PSRN OL CWW AT WSD, AR IE 5 s poo 7
WA 1) VG R o 20 AT P TR AR PP R I, iy
SR (SS AT SW X AIEBL) B, PUAITRIE S
HBEE, BOTIIASES, TIPSR R (SS),
GO R, VAR R i He i Wl 250859 s ik
WaTsS (WW I WS IXPBIRHESL) i, IR AH
B, PEAARIE B R IE RS, SR, M E s
SR (SS A WS X PIRMEDL) I, BT KR
MR, BOPIASTR, WAT SRSST (WS), i
PROPAE AR, Bl B IG5 1 i M G 2
555 (WW FI SW X PiRrESL 1, IR AH R

B9 25 T 2R SR B AR AT Y 500 hPa i &
Yo FEWMIVE A RO AR AR KRB 5 1 P A6 O
25, MBI R RS, d63E KA DL B
KAE P ARARFAE o XoF Ll i o B AR A DU s FE G
(1) 500 hPa = fE AL I, WS @i os (SS)
I, ABSERRER, B R B RS, HE AR
KRGS, P 2RI (WW) IR, 4 KR i i,
2R S I P p— AR AL AR E R, (R A6 KRG
SN e DRI 2 PR b i s B S | P e



XA R F 38 %
152 Chinese Journal of Atmospheric Sciences Vol. 38

°C

SON

20N -
75E  90E 105E 120E 135E75E 90E 105E 120E 135E

5 WS BIAGERREY (SW) LT 24 h ARG RE AR °C): (a)y (b)« (o) (RVUCRITIEMRSE FR G IR 2 . T — 1k
IS — R 5 TR S TR IR 22, Kb 2Bt

Fig. 5 Geographical distribution of 24 h temperature change with the occurrence of strong EAPJ and weak EASJ (units: °C): (a) Temperature difference
between the fifth day and the fourth day of the current pentad; (b) between the fifth day of the current pentad and the first day of the next pentad; (c) between

the second day and the first day of the next pentad; (d) between the third day and the second day of the next pentad
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Fig. 6 Geographical distribution of 24 h temperature change with the occurrences of weak EAPJ and strong EASJ (units: °C): (a) Temperature difference
between the fourth day and the third day of the pre-pentad; (b) between the fifth day and the fourth day of the pre-pentad; (c) between the first day of the
current pentad and the fifth day of the pre-pentad; (d) between the second day and the first day of the current pentad
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Fig. 7 Composites of 850-hPa temperature anomaly (contour, units: °C) and 850-hPa geopotential height anomaly (shaded, units: dagpm): (a) 2-pentad lead
for strong EAPJ and strong EASJ (SS) situation; (b) 2-pentad lead for weak EAPJ and weak EASJ (WW) situation; (c) 1-pentad lead for strong EAPJ and weak

EASJ (SW) situation; (d) 2-pentad lead for weak EAPJ and strong EASJ (WS) situation
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Fig. 8 Composites (contour, the interval of contour is 5 hPa) and composite anomalies (shaded, “+” indicates the 95% confidence level) of sea level pressure:
(a)SS; (b) WW; (c) SW; (d) WS
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Fig. 9 Composites of geopotential height at 500 hPa (contour, the interval of contour is 10 dagpm) and its anomalies (shaded, it reaches the 95% confidence

level): (a) SS; (b) WW; (c) SW; (d) WS. The thick solid line is the East Asian trough
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Fig. 10 Composites of Eady growth rate at 850 hPa: (a) SS; (b) WW; (c) SW; (d) WS. The interval of contour is 0.3 d’!
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Fig. 11 Composites of wind fields at 1000 hPa: (a) SS; (b) WW; (¢) SW; (d) WS
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