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Abstract On the basis of daily NCEP/NCAR data sets, this study investigates a stratospheric circulation precursor for
the extensive and persistent extreme cold events (EPECEs) in China. Results show that 17 out of 52 EPECEs are
characterized by a specific stratospheric circulation precursor. The precursor exhibits itself clearly in two aspects. (1)
Strong positive geopotential height anomalies occur around the Barents Sea in the lower stratosphere (100 hPa) 10 days
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prior to the occurrence of the EPECE. (2) In relation to the eastward movement of the positive height anomalies, the zonal

wind over the northwest of Lake Baikal is weakened significantly at 200 hPa about 5 days before the occurrence of an

EPECE. According to these stratospheric precursor circulation features, two initial assessment conditions are proposed. To

test prediction accuracy, the two assessment conditions are applied to the daily low-frequency data of all winter seasons

(November to March) from 1949 to 2009. Results show that our two proposed assessment conditions, at least to some

extent, can enable the prediction of the occurrence date of an EPECE. Regarding the physical mechanism of the influence

of the stratospheric circulation precursor on the EPECE, potential vorticity (PV) inversion analysis shows that the mid and

lower stratospheric PV anomalies around the Barents Sea can induce the geopotential height anomalies at the upper and

midtroposphere. In particular, 25% of the real amplitude of the latter originates from the influence of former.

Keywords Stratospheric precursory signal, Extensive and persistent extreme cold events, PV inversion
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SH (B 7b) FEAK N %5 EPECE #1284 () K2 RHA
RS S IR E . Buehetal. (2011b) $8H, #}
B 5 R R A7 ARG 9 20 RE & 1n) T Ui AL
PIRFAE . #0152, RHE 0 AT ) TR )
Mo P, AKLIZE—10 K CPRREE SR
T, EEHTERUE PV S WA 5 A4S S
BT ) P30 S

K 8 5 H T 17 4~ EPECE % —10 X 300 hPa I
M sy (K 8a) Ml it PV 5437159 2
KRy (F 8by o). AILIEH, il ki
APV B CHRUZFERZ) J5, EARSKE T
() FEIE e (&1 8b) IRy ai B 5 It vy o e s B A —
(K 8a), HULMiE L) K +280 mo XA i 3L
— BRI PV s e it TR SEPR b,
A AT R A A L (D R e 5O AR
ST (50°N~90°N, 40°W~130°E) ][X I
SRR IR, ASCE RASHE TER A .
FHANFEFEFZ (200 hPa £ 10 hPa) EUS STk

I (60°N~90°N, 30°W~120°E) ¥ PV SH, &
BATHIN 300 hPa -y o O B 5 5 B
PrEIEARYE, HOREE+80 m A 4T, 21 5HA
S (B 8a) smEM 1/4~1/3. 500 hPa fI1E 1L
HUbRL (. S2fr b, I R 2 S 2
PV S Ja R, X PR T 2K H FiZ X 70 hPa
NMICUUF R B FRE PV S8 (B, X517
NN K - 2 AR 2 R BRI 8 5 ) 5 ke X 3
JEIR SR S5 1 AH— 2L (Colucei, 2010; Hinssen
etal., 2010),

FAN SRR Z (45°N~90°N, 60°W~ 120°E)
TGHE NPT PV S, ARIEAE 32 i s
B S o X AN 100 hPa ) S 3 e Jo
Wig (K 8e). 5P 8d HL#E, Jxid i 100 hPa IF
fpi R A RN VA o R34 7 ATV (VA= W0k i o
HILA OB (420 m 247D, 290 S2hr s
FULREEIR 1/16. IXRWIKR BXRZE PV S 113
SRS SS o SEBR b, i E B RN (L

150E

&8 %5—10 K 300 hPa LHIWERT: (a) 174 EPECE A (b) APV i BRI (o) URBECFIZE PV 54: (D [ (a), HA
100 hPa FHEIE SR (o) NURBMNAE PV #1521 100 hPa MiE R . BACh m: (a). (b) Fl (d) PISEHELIEA 40 m, () Fl (e)

W 20 m, LY CUNE X

Fig. 8 Height anomalies at 300 hPa for 17 EPECE events at day —10. (a) composite results for 17 EPECE events, (b) height anomalies by inversing the

whole PV anomalies, (c) height anomalies by inversing the only stratospheric PV anomalies. (d) Same as (a), but at 100 hPa. (e) Height anomalies by inversing

the only tropospheric PV anomalies. Units are m. Contour intervals are 40 m in (a), (b), and (d), 20 m in (c) and (e). Zero lines are omitted
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W —15 X) W2t

gr bpmk, wH AR SO E PR PV
WAl B Z M X SRR R, S
EPECE R AEHAIECR

6 LHiEFTHE

ASCHIF NCEP/NCAR 553 Hr#8kE, % 52 &
] K1 ] e 28 e A o ARG ek A2 1 T B 2 A
SHAT T, &REW, A 17 NI
HIART 10 RAAT EAS S B I IE & w15
S (>10). LR E R G TGS W R,
FEAEFFUR HIRT 5 R ACAT 5 RS DU 2R 50 75 60 i X
i IR . 2T P2 S S S 5 W R
F| 10 KJ& EPECE fIK4E, ASCHL PV IE ST
R, EACSCHFHLX (1)) PV i ] AR i
Eh SRR /4. XEINBEY, R
JZRTIRAE 5 AL T3 EPECE F4 02 15 & A=
—E e R

R PRI, ASCHEH T EPECE [H#
AP Z BTIRAE 5 BEUDN A At — A AR S
T HHILIEE S (h>10), HiAsgirs:a/b 5
Ky, WRACKAEZE 5 RIGMEE 8 Rlfea kA
EPECE. M=, migf—mun) kA HIET 5 K
P4/ —RAE 200 hPa I DUIRZR PG L A0 M X H
A KRS Cu <—0.5 o) LN 7 5 %Rl
1M a, BRscks &4/ 14 4~ EPECE 4k, i£845 50
ANHAEW LIRS XX 50 Akt
TG ORI, STZE L2 300 hPa [ 5 55
SRARHE /R A, FRIE A7 X I T b
iR . %8 RS 5EPr EPECE 6 g 1
SR Rk, FDWTLLUE, A SCHR H A ) A
— AT DLPE AT — FA A W A 4 R A — R
o Mg Ak = n] DLRE— 204 m L R %6 . (H
W2, IO S ARG S 1 R R 15 W i
(R /& Peng and Bueh (2011) #2H() EPECE #5
#E), B FF IR R EE 5 AR REE 5 1
W

MG KA (Bueh etal., 2011b), i)z
HPIEA Rossby % (1) 4% 3 K = il A2 i 50 1) Tt
SEIEVEHXT EPECE [k A F4Efrid 14> B2
Y. b4k, Zeng (1983) MELS g, 301K
TEA S SR E 2 18] 1A AL B O R AE S WPt 8 1) 4k
FERUR . 2Pl A AIAR A& (2013) R B, %

I 22 B A /D [F) EPECE £E R /Rl 4% 1) RUBE
I S AR R G S i 3
RIMHE RN ZE S Bk, HEE—PHR 50 4
P_EPECE, &5t 0 #rixX 50 NFHAFERE
B 1 HRE LN Z L B 14 A~ EPECE
M ZE 5. KRIRAT N — LW & pis

LA, HKHE Peng and Bueh (2011) $&Hi#) 5 28
EPECE “F[R) 73 A2, Hi i IAL A2 A5 5 1
17 MR 9 AN SR T2, 4 ADMREER,
3 ANEAE—ITRZE, 1 AMRI—Aek. v, (K
WA R AR 2%, W —FRE RS 5 I
AN %] B — A ) B S XA g AN R 2R A
PR (1) B S BRI 10 79002 BR R S 76 R A%
b B 2 S 0 T | A 2 v e 2 R R
WS (2) XUE TR A B IR 25 e LA K
(3) AR = SR E A . #edt— gk
DX o AN R BRI AR IR AT 5 2 R 22 57, %
AR T4 & [E X EPECE 7R A8 ) .

SR A S HE T NCEP/NCAR F4M 0T 90 KT 4
H P25 5 B TG P, AR ST LR
TR AR IR A Wik AL (ECMWE) (132 H 154>
Hr Bl ERA-40 (Uppala et al., 2005). B ARME SR
BT 3 TR B 52 N T ERA-40,
A EC B Rl A BRI A R ) e Rl BT
ERA-40 P73 H B8 RMU A 55 1957 4F 9 H 42 2002 4F 8
HEBE, T LA A 1% B AT . S5 R,
EIX 42 4EAZH, ERA-40 WRIA Bk 46 A
P_EPECE, ifif NCEP/NCAR %kl #kit 47 4> (£
200 VA ORI TN P_EPECE i H I
ZIAHZE 3 Ry 2 KA T KRB, A5 44 4.
42 ASF 39 AN A ] B P RT3 B TR [F] P15
Bl o IX B AT (1A F7 72N T PR3 AT 0 )
JE TR T s A B, BRI EH . 1%
g5 0 LR Y 5 AR SCAE R IO 215 5 I AN
BRI A S, MBI A .
TG % I8 R AR S (bRt ), J2—Hh
FEOOS 5, DRI R 0 PG S 5 I R DAASE L s/ AS
[ ZERL b 1) R GE Nk R 22 B2

WA B AR A2, 52 A EPECE Hid A7
YA RTI P RZE  (10~30 hPa) K4
B A SIS Ch>—10). HIE5
KW, XFEEANL RPN S, A7h
0 IR AR ER ) = 26 5 1) N AR BRI AIE,
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YHUE WX ARZTE S, SRRz
TN LR R AR, AN IR, 4900 110 R
(Cai and Ren, 2006, 2007; Ren and Cai, 2006,
2007; BESCAIZREL, 2009). ScBr b, XFHELGT
Ay H DX R S I 28 1) AR B RE AR AR AE T
“0801” FHAFH AR (2009), EhE T 2 A4
=D R AR S Y P SR o= - I (5 G i RS W
EPECE, HAimMRI 2GR IERE 2 N HET
Fhy Hh DR S 2O )RR NI OBl Bk
fIAE B ) _E 700 EPECE #4432 nl fig .

2 WMBLSHERMSE P_EPECE AR BHARERE
ZEMRERY. “— RTIZBAMERLESNEE
P_EPECE SifmZE A e

Table 2 Start dates of P_EPECE events based on the two
reanalysis data sets and the corresponding different days
between them. “—7” denotes that the particular event
cannot be predicted by the reanalysis data set or that the

different days is default

J#%]  NCEP ERA40  H%|)¥%]  NCEP ERA40 H¥

1 1959-11-13 1959-11-13 0 | 26 1981-11-18 1984-11-18 0
2 1959-12-14 1959-12-12 2 | 27 1984-12-25 1984-12-28 —3
3 1960-01-22 — — | 28 1985-01-10 1985-01-13 —3
4 1960-12-23 1960-12-23 0 | 29 — 1985-01-29 —
5 1961-01-08 1961-01-08 0 [ 30 1985-03-06 1985-03-06 0
6 1962-11-19 1962-11-18 1 | 31 1985-11-24 1985-11-24 0
7 1966-01-20 1966-01-20 0 | 32 1985-12-08 1985-12-08 0
8  1966-11-27 1966-11-27 0 || 33 1986-02-07 1986-02-07 0
9 1966-12-17 1966-12-17 0 | 34 1987-02-21 1987-02-21 0
10 1968-02-01 1968-01-31 1 | 35 1987-03-16 1987-03-14 2
11 1969-01-30 1969-01-30 0 | 36 — 1988-01-01 —
12 1970-12-01 1970-12-01 0 | 37 1991-01-09 1991-01-10 —1
13 1971-02-25 1971-02-26 —1| 38 1991-02-12 1991-02-11 1
14 1972-01-21 1972-01-21 0 | 39 1991-03-12 1991-03-12 0
15 1974-03-16 — — | 40 1992-02-02 1992-02-02 0
16 1974-11-13 1974-11-13 0 | 41 1993-11-17 1993-11-17 0
17 1975-12-08 1975-12-07 1 | 42 1993-12-01 1993-12-01 0
18 1976-12-22 1976-12-23 —1| 43 1994-12-10 1994-12-11 —1
19 1977-01-17 1977-01-17 0 | 44 1995-12-15 — —
20 1977-01-31 1977-01-31 0 | 45 1996-01-23 1996-01-25 —2
21 1977-12-09 1977-12-09 0 | 46 1998-01-16 1998-01-16 0
22 1978-02-15 1978-02-14 1 | 47 1999-03-19 1999-03-18 1
23 1979-11-04 1979-11-04 0 | 48 2000-12-25 2000-12-25 0
24 1979-12-25 1979-12-24 1 | 49 2001-12-08 2001-12-09 —1
25 1981-02-23 1981-02-22 1
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