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Abstract Based on 1959-2017 ERA40/ERA-interim daily-mean reanalysis data and National
Climate Center daily station data, this study diagnoses the extratropical circulation anomalies and
stratosphere-troposphere interaction processes during nationwide extensive and persistent extreme
cold events (EPECEs). The results show that nationwide EPECEs experience three stages from the
cold-accumulation in Urals-Siberia, the cold-outbreak to the cold-decay, which corresponds to the
formation, development and collapse of the Urals-Siberia tilted ridge in the middle troposphere, and
the recovering, persisting and re-weakening of the stratospheric polar vortex. Meanwhile, prominent
stratosphere-troposphere interactions are seen in the mid- and high latitudes. Firstly, the
wavenumber-2-type anomaly appears in extratropical troposphere because of dominant disturbance
in the Atlantic, and propagates upwards to affect stratospheric circulation. Subsequently, anomalous
planetary waves propagate downwards and the stratospheric polar vortex recovers when the
wavenumber-2-type anomaly is adjusted to the wavenumber-1-type anomaly. The wavenumber-1-
type anomaly appears in the troposphere afterwards and the positive center is located in eastern
Europe, which leads the Ural blocking to form and cold air from the Arctic Ocean to accumulate in
front of the blocking. Thereafter, the anomalous upward tropospheric planetary waves continue to
be restrained and reflected downwards mainly over Europe due to the persisting of stratospheric
polar vortex. The reflected planetary waves favor the positive center of the wavenumber-1-type
anomaly gradually shifting eastwards to central Siberia while the blocking develops downstream
into a large-scale tilted ridge arching across the Siberia. The accumulation area of cold wave also
moves eastwards to central Siberia. For the outbreak of cold wave, the large-scale transversal trough
in front of the ridge, involving an upstream short-wave trough, leads to a trench structure. As the
transversal trough turns into be vertical, extensive areas of China are in the grip of cold outbreak.
Concurrently, the wavenumber-1-type anomaly propagates upwards again owing to the maintenance
and development of the large-scale tilted ridge, which weakens the stratospheric polar vortex again.
Finally, the blocking and trough collapse as cold wave bursts out. Tropospheric planetary wave and
meridional transport of lower atmosphere are decreased, which suggests decay of the EPECEs.

Key words Nationwide EPECEs, Large-scale tilted ridge, Stratosphere-troposphere interaction
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1 5]

FEW R P EACEE T E RN —, TERHRG . SURIFER . #5 . RRAOXEE
REMERA, aRBO A ZZidiEin . EREVFRA R a7 4518 s ™ Sk (RS
i%F, 20105 Gaoetal, 2019; WEIZE, 2019). TSR EHGHUIRE (RIS M2
T HP R s S AR 2D 18 10C K& LL b, HIREEEF (RIA Sl i
AR H TSR 5 1% H I E R 2 F8 P B 2D il -5C R € SONTER CREZIR
&5, 2007). WRFUARL,  SEmA rb B KR B FEEIA A3 R T B TR M DATE AT AR B AL OK
THT 5 A UK B DA RS R PO PEVE T, 77— ARG VAR A IE 3E 1 55 B 1X (45°-65°N, 70°-90°E),
AT R AT R B — 2R BR AR T (BT, 1957; T 1L, 1990; 5KIEAE4E, 1999),
554 IR il B2 i PR AR DA T ARl B 3 P S e i B O 8 AR 438, AR AR RT 512 KR
VIG5, AR X 1 2 AP SEAE A AU HERR, 17 HL 5 U A B RO S it e A
A N IESE, 1962; Ding, 1990; Z=Hi%E, 2010). [ 7 SR/RINBHZE S ES, AL FAEK
PEAE AL AT 23 R R e e 45 R T R A A SR BB, DRV T A X P A A T S S50
o2, o RBRRI P TR 2R S X 1) (i W] S BOEENE R (LK, 1985).

5B FA AR, A TSRS AV 7 S o P B i H AR AR N () BE A, S v 5
7, X RFET A — RN R BB R S IR F 44 Cextensive and persistent extreme cold events,
{#F% EPECEs). fll, i85 WIS A FHORFEEI ) — /e 5 R/AEH, 1 EPECEs HRFEEM] i)
WAL 15 KA ERETRERBG B IETEE 2T M R i Je 2895 22 ULINZR )
Z B /N X35, 11 EPECEs ¥ 23 <RI 78 d A 2R #8 2 DUINZR I R X3 (Peng
and Bueh, 2012). 38 FEmIF e LSRR I X X o o CRl s AN I 30
ZepE) N KRS, 1M EPECEs &4 2 i — M WO KRG KRS, ZRaw]
M RLIR L — B[ 2R G4 22 DUINZRIL X, S PY 2R AL iR}, & )i B2 T ik 60 N22ER
A, FEHYERTE, AR HE A DR RO AAE KRR 2 R AR
SRR TG IFMRR (FFLH, 2011; Buehetal., 2011; Xieand Bueh, 2017; Ajifl
WA, 2018,

b BRAZEA P A XTI 2 —RHUE AR G B8 X, 2 TR T RS2 ¢
BEX I TR AR, S T8 T AR K SR A IR S R AL R e B

(Arctic Oscillation, AO) KIALKFEF:¥#3) (North Atlantic Oscillation, NAO) % §JAH %
(Baldwin and Dunkerton, 1999: Renand Cai, 2007; CaiandRen, 2007), XiH14 /% [1)5€H]
HRAEA— 2N ~TER (Plumb and Semeniuk, 2003; Perlwitz and Harnik, 2003; Kolstad
etal., 2010; Wangand Chen, 2010, Yuetal., 2018). G450 KM, 7E-FREE KR
H44 (sudden stratospheric warming, SSW) KAFIfE, A6 PERIEW A MM K E A%
(Thompson and Wallace, 2001; Thompsonetal., 2002; Cai, 2003 ; Wooetal., 2015). 3
] 2 2 FE R 5 [ SE WA R, TR 5 SSWTIBUR K o im il FE R S 3 =i FE S W 3, T
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e AO BRI h] N AL 1%, 5 iy I P A7 R 0 v P 38 5 o BT B W R iR DA B AR S KA 7 B
i PG R IIRAT 2, TR FE A 7E T b 30k DX = AR M) (ZEIRA%, 2010 FLSCSCRIEHK =,
2014).

2008 AT E R 7 1Ak g 4 SR R e — R ) EPECEs 1R, AR X it E 1R
(R, A DURRA T b R X 454k 1 AN H RS KRR, %8R EHTFE S
XoF AL 2 AL 5 0 A A 1A R T U AT LB T3 4 e iR X vk LR EPECE ¥ 728 SR RIS 72
filtn, XIEEE (2008) WP, ~FRENGRM 2007 4F 12 H _EAJEIITAE AR T Hoom
YG5E, JF1) BRIE R M A 2R, X — B R s B v B2 1 TR S 1) AR S R IR R PR R
H—BEREERIRER 1 0y, G 7R Bt B WA, 42008 4E 1 H
)P 7 X AR FE T R ASARAE T A R R T . M 4litasE (2009) #E—2 KB, A 2007
10 A TTLR, SR i T Z R P X 147 34 8 BE 40 A5 5, RIJFRR IR M il A% 4
428 12 AR IFIE P E R 55 IRt ) R X O . BIRPIRE S5 1 R g
T, AR T2 5 R 1L BH 2 = R AR I 1 R R, A R TR 2R T ey X
T I LERE PG - AR IR TEA,  INTATA T AE S K o s 2 X T AL R, 375
SRA S NWIUTSE R AR R TR IR E e SR FIER X . Nathetal. (2014) BLJ
Nath and Chen (2016) 7EWFFHIERI, ASAFRTHIE 5 8 DL AT R 2 H R IHEAT ik 1
W AR RIARR, W PR 2 B R, R RO K 78 3 LA R AR 25 4 60 5] ) o i 3 3
DCHIBR 1 R A%, SlEITH AR R R, A5 5 R 1 Li— P AP R SV X1 B 2 e i 1
5k, MTTERT 2008 4F 1 HIRE R HHIX Fate b A MR R . EIRIEIERE, &
ATERRIE Y EPECEs W2, mIRES PIZ I AR RIS HZBCR . it T R0 A s 6
(2015) WIFAFARE (potential vorticity, PV) SIEM AR I, EAE S IGHL T2
FRZ I IE PV S 1 R R, A B TRz BJRSRR B 2 DU /R PA AR
FEI R R ANGERE, AT A6 43 [E M EPECESs [fI/ KRR EEH -

R, BEFf# EPECEs iXRFFSA HAF MR AR FE, AR 2R ZEH R 25 &
SRR AN AR AR . BTG T EPECEs (MW 78 2 40 M AR, o H P 2 i
T 3 BT AR AN RS PR T~F 38 2 R U0 57 6 TR0 1) T 5200, 17 %0 ~F 300 2 BRI 0 S A4k, R
EPECEs & 42 & J& 1 #2 rp -3 /2 — %o ¥t S PR AH B4R I DR E b o AR SCRGE I & 0 5 X
EPECEs i #2, #%t5r#7 EPECEs i J& V-t /2 — %A ZAH BLAE FH IR AREE, D iE— b 4iR
EPECEs & A4 S A HL A M = X IRHESE . /i AR A B T34 1348 EPECEs KA
FEFIALIE DA SR e 00 G S P TR0 T 7K T, T ELAKe A R T 3R AR ATTRE P32 1) R 5w
AT JE— % 2 A ELATE I R AE X 3 AR i A A R A T 2 P A S5 AR T

2 #ENFSEE
2.1 &Rt

A SRR H PSR B R B A ORI 1959-2017 3 59 FER4 2 11 H
5
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T2 3 A4 (NDIFM) A [E 824 ANl sl BEkE: 32 H 404 ZORER B BRI HH R ST
HL IR IER) ERA40 (1959-1978) & )il ERA-Interim (1979-2017) %5 KA 4E, WHEAIH
HEY SRS, EE M 1000hPa £ 1hPadt 23 2 , AP HER N 1.5°x1.5°,
X EFE SN R 2 m Y. PR DR 10 m MIg5thRER. T30t
FITF 2S5 TR A4S RIR T R 19592017 SRS A%TF-353% B A3 21 .

2.2 EPECEs (R ER %

a) e

ZAFRIRE (2009) il Peng and Bueh (2011) St 244 1) & X 7%, Fd 1% EPECEs
(58 A=A D IR
D MR IR A TR — AN, DAREH RHRE & 2 K, BUEFEX 5 RIAIRSE
B 153 —AMREARECN 5 K X 59 =295 (M (8] F 51 . #1Z 75 LLFFPHEs), BUCE 10 N E 4
AR A 23 FE X — TR a2k 80 i A ) 0 1
i) MR TR % T ol DR A A AR S, JRATTEL 10X 12 A A% 7 a5 4= [,
W B R A EE AR I U 65 30 P 78 e B A 2, e SOz H AR AR e AR T AR R 28 CLU R IR SO
B H S E SRS (1012 ) 1 10%K, BICAIX —REE SN K E T AT E K
T ARITR: L
HDFFEENVE: 25 S 4587 10% 0L B HOEE] 8 KA (e v A ELEANEY 2 RADT 10%)
H. S U fE ke 20%4 ELS AR, WA E oy — OV B A IR S F . S (DT 10%
A LR A% H B E AR H (5 ED.

WG EIR T bR, 7E 1959-2017 411 59 4=k, J445 40 /K EPECEs K4
b) » %
JE R EPECEs 152 MRYE A8 ELEOR,  AH 8N S04 ) 5 1 0 L A0 DX 37 A B R 22 53
B A1 Peng and Bueh (2011) (I, ¥ 40 ¥ EPECEs W&(H H 4 /E—/NF51, %) 40 Ik
WEAF T PRI AR E AL H S35 SRR T EOF 434, TS 3 (1 3 — 1 IS (TR 77 2295 42.1%)
KINEE B R4 —#i%3 EPECEs A4 [E £ EPECEs, WK 1. HE 1 /70, 7F
4:[E P EPECEs {5 H, #%FF 40 X EPECEs U&{H H 1k SARAELL H PSRRI, o
R X LR IERR SRR RALIEB 2 A P E 4R 280X . EiR BOF /it 58 —RIsH
AN T4 5 IR PG AE VT R 43 AT B o [ AR 40 AT A, 7 AL R A A R AR X 4 K
VLUA R LA ST AV (R AL R S, T % 30 8 A A IR X 4 AR b ABdb B R LK P R 3
XARIMREE AR A (ER, RAEHBRIE D. R 1 75, 4EM EPECEs R4 X
B Z (17/40), B FMHEI0 42.5%, A2 EMXHER CPggmikE 617
AN RO, FREERB IR CPIIRFEE 19 K)o 5352 EPECEs R AEAIE A 9/40 Al
8/40, A7 RMYEENMIE (3P mERE 502 Rl 534 ANk /0, ReEL E AR
XA 2 O P IRESE 15 KA 13 KD B TANFIZEAL EPECEs KA IR I FE 28 A0k,
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Fig. 1 The spatial pattern of the first leading EOF eigenvector of the normalized daily mean temperature anomalies

0T

at 824 stations in China on the 40 EPECEs peak days. Blue open circles represent the extremely cold stations, and
the deeper colors the colder of the stations.
# 1 40 {RAZ= EPECEs HRTZI ), WAEIN [F) L DAl ri . CHRAZ: M) FFSEREMEAY,

Table 1 List of the beginning date, the peak date, and the end date of each of the 40 EPECEs. The number of stations

on the peak day, duration (in days), and EPECE types they belong to are also shown.

5 #iz. H WEERTE AN AR FERH il
1 1959. 1. 4-1959. 1. 12 1959.1. 10 464 9 Fadb-vrg 2
2 1960. 11.22-1960.12. 1 1960. 11. 26 547 10 IR A
3 1962.3.21-1962.3.29  1962.3.22 401 9 Fadb-vIrg 2
4 1962. 11.20-1962.12. 6~ 1962.11.29 484 17 Padb-VLEg &Y
5 1964.1.25-1964.2.27  1964.2.21 591 33 EA (M)
6 1966.12.20-1967. 1. 17 1966. 12. 27 570 29 HhZR A
7 1967.11.26-1967.12. 15 1967. 11. 30 595 20 AEA (M)
8 1967.12.21-1967.12.30  1967. 12.29 545 10 IR A
9 1968.1.30—1968.2.24  1968.2.6 573 26 AEA (M)
10 1969. 1. 28-1969. 2. 7 1969.2. 4 610 11 AEA (M)
11 1969. 2. 14-1969. 3. 4 1969. 2. 21 581 19 REBAY
12 1970.2.25-1970.3.25  1970.3.13 533 29 AEA (M)
13 1971.2.28-1971.3. 14 1971.3.7 433 15 REBAY
14 1972.2.3-1972.2. 11 1972.2.8 516 9 TR A
15 1974.12.3-1974.12.21 1974.12. 14 416 19 Fadb-v g 2
16  1975.12.7-1975.12.23 1975.12. 12 627 17 Fudb-yT g 2
17 1976.11.10-1976.11.28 1976.11. 14 663 19 ZEA ()
18  1976.12.25-1977.1.15 1976.12.27 663 22 AHEA ()
19 1977.1.26-1977.2.17  1977.1.30 687 23 AEA ()
20 1978.2.9-1978.2. 18  1978.2.15 543 10 AEA (M)
21 1979.11.11-1979.11.29 1979.11. 18 646 19 AR D
22 1980. 1. 29-1980.2. 10 1980.2. 5 665 13 AR D
23 1981.11. 1-1981. 11. 11 1981.11. 8 721 11 2 EA (D
24 1983.12.23-1984.1.1  1983.12.29 431 10 [Pt
25 1984.1.18-1984.2.10  1984.2.6 463 24 REBA
26 1984.12.16-1984.12.30  1984.12.24 634 15 AR D
27 1985. 3. 3-1985. 3. 21 1985.3.9 556 19 AR D
28  1985.12.6-1985.12.17 1985.12. 11 565 12 REBA
29 1987.3.24-1987.3.31  1987.3.25 548 8 REBA
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30 1987.11.26-1987.12.8 1987.11.29 670 13 AEA (M)
31 1988.2.26-1988.3. 8 1988.3.3 566 12 [t Wit
32 1991.12.25-1992. 1.1 ~ 1991.12.28 572 9 by 2
33 1993.1.14-1993.1.24  1993.1.16 561 13 HR R A
34 1993.11.17-1993.11.24 1993.11.21 590 8 IRERTY

35 1996.2.17-1996.2.24  1996.2.20 512 10 [t A Wit
36 2000. 1. 24-2000. 2. 2 2000. 2. 1 457 10 Hh R A
37 2008. 1. 13-2008.2 .15  2008.2. 1 479 34 [t ] Wit
38 2009.11.10-2009.11.22  2009. 11. 17 704 13 AEA (M)
39 2011. 1. 1-2011. 1. 21 2011.1. 16 431 22 AEA (M)
40 2012.12.30-2013.1.9  2013.1.4 464 11 Hh R A

2.3 1S5k

N 1 B9t EPECEs i #2 H- Pl B — XA E N R AR RRAE, AR SCRL 17 A4 [ 1t R0
HHAZHH, TR 30 KGR/ G BT (R SCHTA B hbss ) od R H,
-n/n d FRARVEEF/EE n K, EERAFER), HAH ¢ 85 EN G Rg RidT T 90t
PEER . N TR EPECEs KA Kk it B rp it |2 — Rt J2 AH BLAE F R AR B IX 4853 A
FROE, FATTRHA = 4EfimE (Plumb, 1985) 12 Wi KKV K Fifi 5N 1 X 114138 2 58 AL #1700
ASV/IE

T

F,=|F 1 (a_lp'a_zp’_ 'ﬂ) (D

y

1 oy’ 2 , 0%’
2a? cos? @ [(H) ¥ ﬁ]
< ) =pcosd

2a2cos® \ 91 Ao dr0D
F‘Z : ! ! !
29.251112(1)(61/) o _lp,azzp)
N2acos® \ 01 09z 00z

H Fe, B A F A RoRGin) . G e A BT A RO shE &5 & (AL m?s?),
P~ AN SR AR TR R B R ) 22, Q MIBR AR MR, 2 NETE.
N T Y4 E 1 EPECEs & AR i 12 47 Bk s sl g i, JATTIEH ] — 4k E-P il &
( Andrews and Mcintyre, 1976), 12Wr 1 & [m]~F Y238 v 5038 5 1 70 AR Al AR, R A T -

Fy) = —acos duv'
E _ geos R (2)
(z) = acos N2 v

Hrf Fy). F)or MR iniAs J5 ¥ E-P @ S M4 ) 7 B MR B (AL mPs?).
us v AR R, @ NEERE, ROVSRFERL a JERAA2, H bRmEEL N2
NI, TARARFRE (B K)o “7 70 " 250 BRI G 0] P25 R4 17 i 22 o

SO RGBSR 0 59 SRR PUE SR R 4 Z (NDIFMD AR AER
X 59 FEP ARSI RN 59 SRR NBGEShIBE R, HRYE 17 4k EPECE
WEE . 11 B TR 0 X 4 5 3 AT 65 R
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3 2[E EPECEs E A4H(E

K2 45t T 4 M EPECESs W (B 1 J5 Hh IFIR 52 7 5 3 S g P T SR 34 70 A« e AT A,
EPECEs &7 U E AT 15 H , Sy R 1l B TF46 H LRI 57 5 s 3 o, 7SR AT 12 H,
SUEMERT 21 H EDAE A PE AR S 1 DA E BRI FE B 5 3 X & R TR ) (78 253 HE, PEAATR
b T v P AE VN R) B AV PR, (AR S VE M R AR (8] 2a~¢): BEJSIEME
Bi 12 HE6 H, M R R ol m AR B ) B AR b X B 2 5 R ROk I 5, [R]I)
b T v He oG iR AR R AE DU ZRBIPE I e 5 (&l 2¢~d); M\ EPECEs IEHT 6 H T
4, ¥ S E L S E O — BUR R, e R 23R R 58 R 5l AL X (B 2dD,
bl JE B AR IR B 4k 2 Bt X % EPECEs ([ 20). FEIEEH 5, W5 rhOsmE M mhH
) B T v s o R B 3 B SRRk TS, VMBS 6 AR T AR 2 b R AR, HhT
e H 0 (R R BT S T3 (B 2£~h)s

K2 4%k EPECEs W&fH (0d) BP0 UL (F{EZ, H$4L: hPa, [HFH ShPa) KK LR (]
W, BAL: KD A FHSEEN 1030hPa SHEZK, 1T s IX R IR B 5 5 i Al 95%(% BE A
L

Fig. 2 Composite sea level pressure (contours, units: hPa, interval: 5 hPa) and surface air temperature anomalies
(shadings, units: K) for the 17 nationwide EPECEs. The bold line is the 1030 hPa isoline. The dotted area indicates
the composite surface air temperature anomalies above 95% significance level.

Mg R4 1% EPECEs 7% 7 0 10328 H B sh A (Bl 3a) ATRVEH, AR E
SR T 5 LR ACVKPEFE TR, AT R R 42, 7E DU T 78 0] £ o e A R 3 X A
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K3 (a) 4k EPECEs W {E TR B4 5 08 H #3642, (b) EPECEs W {H AT 5 R EVEE (L
) KPAFIEA S SHERCEEX (45-70°N,60-120°E) (RI4R) Hh V3510 & 5% M 2. (a) $
0 IO R R RV W SRR, ZTHEFRR DR A A 2 A HER R X

Fig. 3 (a) Daily routes of cold anomaly centers for the 17 nationwide EPECEs before their/the peak days, (b) the
temporal evolution of the mean surface air temperature anomalies in the China(solid line) and that over the Siberia
key region (45-70°N,60—120°E) (dot-dash line) from day -20 to day 10 during EPECEs. Deeper colors in (a) denote

colder temperature, and the red box denotes the Siberia key region.

4 2[E1% EPECEs BRFERE—FREFRAEREEIER
4.1 R FSRERRARAE R, RRMEEE

& 4 25 EPECEs W& {8 B J5 XHAUZ /2 (5000Pa) o7 34 5 B 5 M 57 8 1 (K il oo A
HIEIAT L, B EPECEs WE{EHT 18 H BT 12 H, KWK AL B A7 55w B 15 7 P 3
T, AL TE T, A AL EEE TR E SRR (60-90°E) 37 (K
4a~b). M EPECEs WEAEHT 12 FRWEAEHT 6 H, (73 b A i, Z AT S 4
IR L e AR R 110 R SORUE e e B IR A Al — 2% NS 7Kl 17 AR A6 5[] S A 2 7 A R
e SR AL PG R —ZR AL KRRV, HLrh o FEAE BT R tho R 82485, I UK I
J— SR AR VU TR R AORERE  CI&] 4eD), Xt I oK B XA KB4 22 AR RV I8 v 1 R I 3
XA Canwiii & 2d ffizs).  EPECEs WEAETHT 6 H, A — 2% RS A A 78 F D R 2R A
WEAELRT 3 H I 55 e s 1 FE 0 8 AL o8 2 DUBR /238 — s AR BB 2 e AR A 35 (I 4D
bt B R R s L X O E e X, BRI H e (18] de), S04 UHIHERY, XTRARE
o 2 A [ Y AR WML T KRR R Bl (1 s P 4 0 W S 0k 55 (I 46),
XoF LM v 2 AR S e AR USSR 3RAT AL, EPECEs M4 2 THIHERA . MRk
AFT =AW B 205 S50 E 2 SRR L AR R RAT L . R SR AT 15t
iEROPAS

4 Ak EPECEs E{HHIJ5 500 hPa {35 (SR(HLk, HA7: gpm, [HIff: 100 gpm) KA e 5
(B, i gpm) KGR SWOBERREL, FROLERRHEL, (b)) HERERRREKIX
(60-90°E, 60-75°N)o T i X K7s 5 ML Hridid 95%( FER S -

Fig. 4 Composite 500 hPa geopotential height (contours, units: gpm, interval: 100 gpm) and its anomalies (shadings,

units: gpm) during the 17 nationwide EPECEs. The yellow dash line denotes the ridge line and the brown solid line

denotes the the ridge line. The purple box in (b) denotes the broad tilted height ridge (60-90°E, 60-75°N).The dotted

area indicates the composite geopotential height anomalies above 95% significance level.
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RBPETERIX (60-75°N,60-90°E) FIPFiiZ 10 hPa B [X (60-90°N, 0-360°) P14 ¥4 & JiF
SH R (RIS o R AT L, KRR T B N7 — 3 5 R R — Uk 55 AR AR, AR A
JSL T VIS8 1) T340 PR e A AR B S s 55— T Pk S — PR S 1 AR AR LS A
e S o o ) 5 T AT WA S . JRED, EPECEs Y2 /SUINHERR . AR AIZETT LR
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Kl 5 500hPa BT TEIX (60-75°N, 60-90°E) fr# i (L&) MIKIX (60-90°N, 0-360°) 10 hPa i
Bl CRRIZ) [ A

Fig. 5 The temporal evolution of the 500 hPa geopotential height anomalies averaged over the broad tilted height
ridge (60-75°N, 60-90°E) (solid line) and that of the 10hPa geopotential height anomalies averaged over the polar
region(60-90°N, 0-360°) (dot-dash line) around the peak day of EPECEs.

IR IMERE UL I B %S, B EPECEs %P EXF-iit = 10hPa o7 35 = &
LM A (L 6) Wl LG A 2. Bk, WeE[r 27 H, gt X mar
H LR B IR, RYFRE R E RS (B 6a). 5 AIEERT 21 HIT4A,
IRV PR 1 DX B2 7 S o ) i 45 0 DXt 8 S 185 i, KT P X PR 57 35 v 2 A7 e 4
A EREMIGR, A mERE RN -SRI ER RN T 2 KR (K eb). b
Je s AT ERIV KRS b A7 #5 m FE IE i oD T AR ISR PEIR , BB RT 15 H I PR BH
SRS D O T P N ol e DKV T - B A A N LB | SN i SV Y= 22 5 8D E e S
WEAR DY T 1A, BT IE AR O 2 AL T RO KR AL 26 RRG AR B (Bl 60). %
ERT 9 H, 1 BN R iy, BAEREIE U O gIn R s, HAhriEs:
H OB RSB AAEHX B, FURE OB s BV X A (B 6d).
TEVEMERT 3 HBIEEH, FRZE, fEE R O IREmss, At mdhX A FRE
R HIBEN R (K 6e~D. HEWEE NG, KU @b X BB AL S & IE R
[ea) B2 A0 Fo 328 T R M BE AKX, o6 AR P O R IR X — Bk g5 8 (& 6g~h).

6 4x[EVE EPECEs VE{EHH/S 10 hPa i % (S5EE, #A7: gpm, [HB§: 200 gpm) KA e H
(BIRE, hi: gpm) MG 3T RIXFR G M HTIET 90%F EAL L -
Fig. 6 Composite 10 hPa geopotential height (contours, units: gpm, interval: 200 gpm) and its anomalies (shadings,
units: gpm) during the 17 nationwide EPECEs. The dotted area indicates the composite geopotential height
anomalies above 90% significance level.
N T30 B EPECEs WA S FIfiL)= w2 DA W R R S 1 o, 7 45
Hi 1 60-75°N 4 LA T TR 10 hPa A 35 B S 5 H 31) Hovmoller . b1 Bl L,
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PR (B 5 4 EPECEs W{ERT 12 H LA . fEve 2 THERRIT BURIM, A7 35 me 1 3%
S TIYERE I AR RS, XS ISR (R AR A AN 3, R 2 Ab T AR SR SR B R B B (] 5
H EPECEs WEAEAT 12 H~6 H)o R URRMBL AL 1 5 AR N 17— 5
P73 vy B2 T 7 S0 IS AN i T PERUC I8 1) 55 A AR A2 (I 5 v EPECEs UEEAELRT 6 H )

K7 4=[E 1 EPECEs W& {H AT G 60-75°N £ V-1 10 hPa A7 A7 E (ZE{E 4k, #47: gpm, [F]f%: 200 gpm)
FAiA R E (A, BA: gpm) A A Hovmdller Bl 4T X RN A B HTIEIE 90%(E A5 o

Fig. 7 Composite Hovmoller diagram of 10 hPa zonal mean geopotential height (contours, units: gpm, interval: 200
gpm) and its anomalies (shadings, units: gpm) over 60—75°N during the 17 nationwide EPECEs. The dotted area

indicates the composite geopotential height anomalies above 90% significance level.
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W=, AR IR Z ML /E Nath and Chen (2016) HH A B EATRBK
AifE (RIEEAT 3 HE), KIESREEARE KRR AAE, BRI ERE, #a)
REEAE RIRPE b R X SR IUON— B 8 b, SR Z Bl ok, AR SR X AR
PR R NS ) PR L BE B s (B S g H 5 ). mfEX iz, Shi/Ril
F AR — 5 R e i i) RSB WITF a2 ekss (B 8j~D, TUREREA AR %
Ko AT B BIESE AR B AT RS S ARG, I IA 14 AL R 60-75°N 411
(1) B-P 368 5 B 70 5 S o DA S 1 R 2 U gy B S IR AR T L

K8 4 [E1% EPECEs WEE TS 60-75°N £ B2 P35 1) 4 7% (NDIEM) UG A& A 34 o FE A1) w22 (S5 4R,
Bz gpm, [ARE: 100 gpm). R (B2, HA47: gpm) RPGESEESE (Fik, 47 m¥s?, FEHI
HOHIBOK 100 5, H 150 hPa DA _ERE & 28 CH80K 3 %) 1S -2 G HmE. 178X RRE K
Sy HTAIT 90% 5 FER .
Fig. 8 Composite height-longitude cross section of mean zonal deviation of geopotential height in winter (NDJFM)
climatology(contours, units: gpm, interval: 100 gpm), mean geopotential height anomalies (shadings, units: gpm)
and mean 3-D wave flux anomalies (vectors, units: m/s?, the vertical component is enlarged 100 times and the flux
anomalies over 150 hPa are enlarged 3 times)over 65°~75°N during the 17 nationwide EPECEs. The dotted area
indicates the composite geopotential height anomalies above 90% significance level.
b) fTEHE 1 E/2 R TTAK

9 Fhgh H T BBk 60-75°N 141 100 hPa [F) E-P i & 1 B 4> el S0 DU 1 U AT
2 W R T REAS . AT, EA MR BRI, s it X A Y E-P @&
e G eR, b 2 o b AR R ORI 1 By B EAR RS, (HATE Y iR e
H RIS L, IR 2 P B 1M B E-P il B B A S i EARIIRHIE (5 K] 8a~d
FrR—30. EATSHERMBEH, B-P BEXRINRE MME, SINEGER 15 Kil)a,
12 B & AL S 055, RHAUZ R I I 1 3 28 1) v B T S 5 v o R BAE R BRI X
AHRT SRR W Fm B IR (5B 8f s —30, (Hl TR FAERESIL 2 K
FEHEONE, SFRE RN R RIS ERT 9 HETEHANOL 2 W w £, Bl R
WEH AR R REE 4R (5B 8h s —30D . WATABKMBITM, E-PIEER
ORI B E W bR RE, 1M 2 B 85X AL Aok, (HUtmBL 1 Rtk
F (5HE 8j~1 Fin—FD.

K9 4= PE EPECEs IH TG 60-75°N £ JZ45T-1) 100 hPa { E-P BRI H 54 o0&, 1 9012 3% E-PiE
EREERESE (R 10° mY/s?) IR, BN BRI &,
Fig. 9 The temporal evolution of the vertical component of E-P Flux anomalies, and the wavenumber-1,

wavenumber-2 components (units: 10° m?/s?) at 100 hPa and averaged in 65°-75°N during the 17 nationwide
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B, RN ST AR HERAT, RHRZE B e IR — ORI, BIREE SRR 2 3K
FRHAT R LA, SFIREMN 2 BRI R R T 1) 1 BREAR, BRI IRE R R
(R 1e)_ERENE s B ST E AR TR KR IR YERE, SREAT IR B AL 2 B0, ERG
PS8 1) N B, R R KR BESL IR AERE, AR TR 7S PR A R ST X TR O,
F BRI Z A T 5200 ¥ B AR R IR TR R BB %, iR sl v b
FEsgma, UL EAIR PRI, 1M B R AR B ) s

5. B&EMTie

AEIEXS EPECEs HA AR B v o Hp BRI (8] B o S Vi [ 5 K 4= [ 1 EPECEs
KA REERE T R IR RS ULCFREA R AR A, $8s T
IR PR A i 2 T A AR SRR . 45 5R3R T, 4 [E1E EPECEs nJ &) 7> N¥% 2 E
FPEAAADE A HERR L 2 R A LU T = B BRI 2 B BOE SRRt R B, )
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Table 2 The stage division of the nationwide EPECES, the characteristics of circulation anomalies troposphere and

stratosphere, and the stratosphere-troposphere interaction of each stage.
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Fig. 2 Composite sea level pressure (contours, units: hPa, interval: 5 hPa) and surface air temperature anomalies
(shadings, units: K) for the 17 nationwide EPECEs. The bold line is the 1030 hPa isoline. The dotted area indicates

the composite surface air temperature anomalies above 95% significance level.
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Fig. 3 (a) Daily routes of cold centers for the nationwide type of EPECEs before its peak day, (b) the temporal
evolution of the mean surface air temperature anomalies in the China(solid line) and that over Siberia key region
(45-70°N,60—120°E) (dot-dash line) from day -20 to day 10 during EPECEs. Deeper colors in (a) denote colder

temperature, and the red box denotes the Siberia key region.
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Fig. 4 Composite 500 hPa geopotential height (contours, units: gpm, interval: 100 gpm) and its anomalies (shadings,

units: gpm) during the 17 nationwide EPECEs. The yellow dash line denotes the ridge line and the brown solid line

denotes the the ridge line. The purple box in (b) denotes the broad tilted height ridge (60-90°E, 60-75°N).The dotted

area indicates the composite geopotential height anomalies above 95% significance level.
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Fig. 5 The temporal evolution of the averaged 500 hPa geopotential height anomalies in the broad tilted height ridge

(60-90°E, 60-75°N) (dot-dash line) and that of the averaged polar (60-90°N) geopotential height anomalies at 10

hPa (solid line) around the peak day of EPECEs.
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Fig. 6 Composite 10 hPa geopotential height (contours, units: gpm, interval: 200 gpm) and its anomalies (shadings,
units: gpm) during the 17 nationwide EPECEs. The dotted area indicates the composite geopotential height

anomalies above 90% significance level.
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Fig. 7 Composite Hovmoller diagram of 10 hPa zonal mean geopotential height (contours, units: gpm, interval: 100
gpm) and its anomalies (shadings, units: gpm) over 65°-75°N during the 17 nationwide EPECEs. The dotted area

indicates the composite geopotential height anomalies above 90% significance level.
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Fig. 8 Composite height-longitude cross section of mean zonal deviation of geopotential height in winter (NDJFM)
climatology(contours, units: gpm, interval: 100 gpm), mean geopotential height anomalies (shadings, units: gpm)
and mean 3-D wave flux anomalies (vectors, units: m?/s?, the vertical component is enlarged 100 times and the flux
anomalies over 150 hPa are enlarged 3 times)over 65°~75°N during the 17 nationwide EPECEs. The dotted area

indicates the composite geopotential height anomalies above 90% significance level.
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Fig. 9 The temporal evolution of the vertical component of E-P Flux anomalies, and the wavenumber-1,
wavenumber-2 components (units: 10° m?/s?) at 100 hPa and averaged in 65°-75°N during the 17 nationwide

EPECEs. The positive value denotes upward wave propagation and vice versa.
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