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Abstract Based on observation data and NCEP/NCAR reanalysis data, the 500-hPa height positive anomalies mode of
Euro—Asia and its probable influence on regional extreme low-temperature events (RELTEs) in China during winter are

investigated. The results indicate that the probability of positive anomalies occurring in one of three areas (Ural, Baikal,

Wi B 2012-08-24, 2013-02-22 Wi EH

FEIIE MK HRRIEEES T H 41305075, 41205040, APEATNE (%) BEFE B H GYHY201106016, [H 5% KRS XI55 H
2012CB955203

fEZEIN 3240, 59, 1981/, &L, FENFXIEMEREF IR AN E 2755, E-mail: gongzq@cma.gov.cn

BIEE  TE4H, E-mail: mouse0903@126.com



6 1
No. 6

SRS ML NK P A R OB X T A 3y L BT I P o ] 26 2 DSl Al o ATl A AR B R
GONG Zhiqiang et al. The Euro—Asia Height Positive Anomalies Character and Its Probable Influence on Regional ...

1275

or Okhotsk) is 0.83 when there is a RELTE, suggesting that the height anomalies mode in high areas of the Euro—Asia
blocking might be directly responsible for such RELTEs. The modes with positive height anomalies are divided into 7
types, with positive anomalies in Ural, Baikal, Okhotsk, Ural-Baikal, Ural-Baikal-Okhotsk, Ural-Okhotsk, and
Baikal-Okhotsk. Each RELTE corresponds to a different anomaly mode, with differences in spatial distribution, duration,
and intensity. For example, the positive anomalies modes of Ural-Baikal and Ural-Okhotsk always correspond to
RELTEs affecting all of China and northeast-northern China, with average durations of 14.2 and 14.1 days, respectively.
Furthermore, each type of positive height anomaly provides advance warning of the RELTEs, with average lead times of
up to 1-8 days. The spatial distribution of average advance days and the development of height before or after the first

day of RELTEs also suggest that the positive height anomalies mode could develop from two directions: west of Ural or

cast of Okhotsk. This further validates the probability of the advance warning for RETLEs.

Keywords
areas

1 3|8

LA, BEE B AR,
AR R R AR AR 43 BT[] B ) R 2 o) o9 A £ - B
IR RS, T B SR M e (AR
25, 20115 LS, 2011), XERPENSGFAE (R4

2, 2012) ZEFNES . 6 T AR NS
TR TAEE W TR, JEA T
—BER R . TR AR SEE AA A R AR
PEREFCRISERE b, 4 T S MYa B, Rz (a)
B, SR R R 2 2 Py RO PR X 3 iy
& =F fF (Regional Extreme Low Temperature
Events, RELTE) (Z2E385F, 2009), HARET —&
FIAH N FIARS J79%, %57 T3 50 4F RELTE JE. [A]
I, SRR R T 50 42k RELTE k2
PGS A, U 20 thad 80 EARHWILIK,
[ [X 5 7F 40°N Bif (1) RELTE #3559 1H
2000 4 LAk RELTE [ & A2 513 Al 8 5545 20 40
80~90 FACH T oA, Ak, M4 RELTE K%
Va2 5T 50 47 [E ) RELTE X4k 4 28
8 2, IR AR MR F SRS E
IR E AT E DR (B RS, 2012;
Zhang and Qian, 2011; ZE&EH5%E, 2009, 2012; +
RUG%%, 2009, 2012).

RELTE == 22 48 5N U i 1) S A it FE i ik —
SEMBIE, JF IR B4 1k f e 23 (R Ya ) - BAT
B CRERERON T (cluster), XN AE I ] L
BB FRFELE, BEE OB FAE R H I
— B, MM SRR . eSS
A S IE AT — 2 AR, i AR, SR
Yo IR 804 (AT AN AL, 41 RELTE IR
(LA B (KT AAE 30 RLL ED, FHF

Height anomalies mode, Regional extreme low-temperature events, Prior signals, Euro—Asia blocking high

AL 0] fetu 7 2 I8 A 0 #E5F (Zhang and
Qian, 2011; Peng and Bueh, 2011; £ FEH#2E, 2011;
Gongetal., 2011), [At, RELTE &R EEHLH]
&, ARE S S A A T B A AN R RRAE . 5K
SRGERIERAE S (2012) T KA W HE AR 1) )y
% OCERYEZ, 2012), FRHCH R F A R R &
N RANRERBE T, B BRI AR S5 e A=
ZHTRSIRB IR AL A% S Fear s i) CH
). Buehetal. (2011a, 2011b) fff5¢ 475 T SLP H g
(SERINIA =AY, -3i5 kS 2 & ki K A7 Wi A RS Y N e =
245 J8 1 X FRI7A 23 AU 35 9 2R 30 9 B 2R B v ol
SEMA AR H X, AT A 7R3 v ]t DX e DX AR
WA, IEELFEAARI G o e 11 oy R 2 S0
ANTAZRIL G IR PRI F . BEA, RELTE (WK
AR N EAAIRK IR, A
) B A 7 = 2R e — MRS 1Y) 10~20 KA
WY CT—I0, 1991; SERES, 2008), HE
PR AR RIS S5 5 TP i FE X 500 hPa JCHEE X AT 1R
SRIGICEE. Ak 2008 4F 1~2 H /7 RELTE 1M1 5
TIEEE (2008) A3HT T SRR L i X BH ZE R 1)
e, i BEFE HEGEE 20 R, W BN
U AR S0 R X3 282 AN T 1) 1 O A 5 8L 1) v I P £
SEACAE R, ARGV E R PR B AR
S (2009) HARH T 5 R /R X ) B ZE A
IR E iR IC R . PERES AL EEE (2008) FR i
2008 A AR AR 0 R 2 — 32 R
2 BB 2 R AR e ERE IS 20 K. BRI, X
RELTE [FRFFE R B A TF 5T RE HB X, 500 hPa 1 5
Yy B gE R CTRARPEL R ) BT AR SRR X S 5 R L
AT TS

S ] AR R [ RROTE 26 B 500 hPa JCH#
X CRICTRIAROCHEIX ) TZENAAE SRR (FRRR



xR ¥ 7%

1276 Chinese Journal of Atmospheric Sciences

Vol. 37

Bl DUIR/RIST CRRiRR DL A P2 2 oo — 50
Wrod ity CRIRRAESS) BT, IXue sk 3= U= BH & i
TEMIDR . =N DX i B 3 e A mT e s A H
T FE X R S B, R AR AT B 3L
FIREI, 3 U X R RS Rl AN [F) 2 2 (i
B CT—i, 1989; LAarTaE, 2011, Huy, #%
DA X v S 3 S L A WP L AT 1) s T A
A, AFEERBZSXER) RELTE 520 ] 2
s OUH 5 LR R RELTE MEER), Al
NG DX 3 v 3 S G AR S R B [ X
RELTE WIHTHIME 556, X TIX LRl ) il () R4 1
WFFOEA XS LD

g bRk, RSO T A KBRS E
WAL, 0 HT K Z4E RELTE I =ANX i 3 5%
i G ) (RIS S A HORT B 1T RELTE [N [H],
TH&h 45 R X 1 I e T R T B, AT
TE HT U REAE ) AT RE SRR

2 BURFNAE

2.1 iR

EE % RRUE (Kistler et al., 2001): NCEP/
NCAR & H &7k, & H X ORI 37 9%
EBE Al 2.50X2.5°, ESPEN 17 2.
AR ER S T HF A RO (RUER
SIS WrAEH) oI X IR e 1 Sl
Xk (50°N~60°N, 40°E~70°E); II DLHIX 1
(50°N~60°N, 80°E~110°E); IIT ffE % % o —50 R}
W vk CRIARAESRIX ) (50°N~60°N, 120°E~
150°E). " [E%Z= RELTE B H i %op!
Vs B KA GG B RAT 40 iR i 731
i s 8 H B AR TR, W B 1960~
2011 SR AE 11 HRIRE3 H
2.2 RELTEiRZ A%

RELTE fJiRHIK ) Ren et al. (2012). ZE:&5%
S (2012) R IR DX 3k B i L ol R U B
ARIATEMA o 1Z 7 EARE: (D Pk
BRI A s (20 Wi Rl S 2 ) DX s P T30 5
(3) (A XS S T R AR (4) FRRRIAR.
T, 0 AR S I AT s TR X R, gk
T VRO I B A AL A (R FE A1 B, 6 g H I
FARRRE G TS, nTR M a2k
LR AR A A . SR FZ AR 1960~2011
AT N L ST RELTE J . ARSCE

BT RFE ] 6 KL RELTE, Jtit 128 7K.
RIS 2R G FREUE TR I RELTE (13 R4k o
. REFERTFaREE . R AR REEREEE N
BORFNG B2 MW 4abR, &4 RELTE JLJ7
MPE RS IER CY A IR P RIT A 4D .
2.3 RELTE By m HIERITE A%

Gk =N KRB A — A2 AN XL 500
hPa = 537 H LR S IF 558 6 Y. RELTE [ 3 ACH IR
MR (P s Aaiet, Sk k IR P, it

P =—k k=1,..,730 (1
Hr, m, RO X B 3 1 R Y IR
WAk LR, M NS OB X S
X I AR A i it ke EH IR IR
24 HIEAREEESW

IYMIANTE B X 8, 500 hPa &1 5 3 16 S Tic
B, AT RELTE 555 B 7 R
T ST TRATTRL E 2 DR X 1) /5 B 3 BE S HR AN I
B, ZIXIAA/EIE R, WE RELTE KAEMEE 1
FAHE 0K, M—1 K CEIERAER 1K) RN
(DB DX HHIIE S i WA ERE T 1 R (e e, —2
K BLIE 55 WAAAE AT 2 RIS fE 5, Bk
HERE WA 8 H IR A R T R E . AEf e i
KA, I 1 REL s 7 e i s, WA
RS BIERLZ L, WITGRIIE T 58 5 B RELE
PEo HE, 24505 X w8 4 B B 4 = K M b
ERASRE I, WK ERE BB S
S R D, VAW R

D = > OAW, Ah! >0 (2)

o, AR SR j ORI OCHEIX s v S 7 T
H, O WKL
2.5 KEXFBEMFEARIENSN

KRB X FF BN R LRI i, 2R
N IT i AN R B DRSS H 6 . (IR
WA, RIS HIETIEE 6 R (5
—6 KX MR BIME, THATER 5 % (=5
K W E A EE, DO, H 2P
SN, IF o ISR H AT F A S 1P
I XA A AR B AT DA 2 UOT a6 H AN R ) 2
i, BINEAEIH —6 RITUH > ml v Hos g
I, I HrE HAAC SOt mik, ARV —6



6 1 FERRTAE MV 0 5 OB X T A 3 FEE B SP C 5 v TR A2 DX tal M Al s TGV A4 1R TR R
No.6 GONG Zhigiang et al. The Euro—Asia Height Positive Anomalies Character and Its Probable Influence on Regional ... 1277

R E H
M ¢ Ah[—6
b, AR ONEEAE W NS —6 R
PE, Mo ARSI N FHEE —6 KIFF
o BUTAK 3, il &8 —5 RECRHRZ
H i B iR ME H)»
M, Ahl.j o

Hj=;Mj,(]_—5,NmaX), (4)
Hort, N 8 3R ZH A5 B (RIGIR S B K
FREREG An) JgZitt i SIS j R
PEAPEL, MO R (A5 R R SE B A 3

3 éﬁiz%rgiﬁﬁﬁ'_ﬁ RELTE RYEL

TGt T k4 RELTE N, =ANXEHHL
500 hPa = B4 E R IR (R Do WLUE
H, DUSIHLX 500 hPa PRV E R, XA
RELTE ()R AN S, Sl Xk, HESEHIX
/e BEAh, BRIESTHIX W RS 11~15
RN FHAE 0 R AR X BN CAAE, AR SR I A
IR AR R A A, WS =N X B2 3 1
PRSP IR O R . X FHRREERECH 15 RELE
) RELTE, 5 DI 12 11 R S0 1 X P ek 7 A 56 43
WA 0.69. 0.58 1 0.53, ¥J7E 0.5 LLE. Ak, %
HHIEEARBEX S E R RSN R 1%
550D £, Hk4E RELTE I, XHFPYEA[H
IR ROBE , = AN DRl A — > XS R B S (1)
MEZRARAE 0.8 LU L, HLINFRLRBEBROR, XY 6 R
Ufo 15 RUEL BRI, XN LR E] 0.92, (KL,
FH = A BH 2 vy T DX 11 150 B8 37 e 5 TR A6 T 6K i
Tt T [ A= R S TR 42K 1) RELTE & nJ AT .
#1 T FEFERE RELTE A= X5 [X 500 hPa I8

TR IE S E RHEER
Table 1 Probability of positive anomalies at 500 hPa over

H = (3)

three blocking high regions corresponding to RELTEs at

different scales

IN; DL Sl HESK X
1~5 K 047 0.45 0.37 0.82
6~10 K 0.56 0.57 0.44 0.86
11~15 K 0.66 0.56 0.28 0.88
15 K& 0.69 0.58 0.53 0.92
2 0.50 0.49 0.39 0.83

/|

4 KBXESEHFETEK RELTE
Pie) Rz

AT HE— 2 R AN [F) 1 DX 3t 30 o P 3 1
W, R RELTE A Refik. %+ 1960~2011 4
6 KL EfY RELTE, £ 2 45t 7 %1l DUiAnE
TP AR A —ANX 38 500 hPa = H LY
SLIE R RN, RELTE M5 E. ATLAVEH, Sl
Hiu DX B R B LE S H R Y. ) RELTE #0h 25 1K,
AN R 2 1K) X RELTE [EFSERECN 14.2
Ko FIILEATEARE A 2.0, B ili3kX 500 hPa &/
Wi H BEPAR) 34 %9 85.6 hPa, J& =AMk i
K, KM DIBIHLIX 500 hPa i 37 RF 4L IE Sk
XSV RELTE 000 12 1K, ~FRIFFEEREON 12K,
= JEI7IE H BRI~ 354 49.4 hPa, 35/ T 551l
X TSI FESBHLIX 500 hPa i 37 R 4L 1 57
XAV ) RELTE #0443 X, RELTE [VFIHFEER
B FRICREARAR AN R H BRI P B A
AN RN
Fz2 BAXEX 500 hPa 5 EIHHHEIE R E XA RELTE
HER
Table 2
continual positive anomalies of 500-hPa height over any

Characteristics of RELTEs corresponding to

single blocking high region

TR BT R CPIRRSERE TSRS
[X 45, (hPa) €79) (d) R
Lyl 85.6 25 14.2 2.0
DL 49.4 12 12.1 1.4
e 50.3 3 9.3 0.6

WG 2.3 T, BTG T =AY
A AKX 500 hPa i 2y H B 22 0E 7 0 0 b
RELTE {3 s MR (P BI04 (B 1.
Kl la nTLUEH, EERE RSN, K5l
MG AERERAE 0.3 LLE, PHILAR AN [ 4356 1)
RKHEB 3 M DX 3l s AR AE 0.5 BLE, BIE i X
B B IE SR RN I RELTE 5 202 4% A5 R 4%
I A E B AE (Peng and Bueh, 2011). & 1b A
DA, o ] 4 30 DX R 23 il i f¥ & 2 RELTE
A 0.3 UL, Hop5h hi—Edb—Fr
[ DX IR 73wl R A E2EAE 0.5 DL B, 5505
WO EL, ARAEHIX s 5k 2E RELTE HIMER
WS B . DRI, DL X B phe BT S e
XA E—fE R R S (Peng and Bueh, 2011),
K 1c ATLAE Y, ol s M 2 10 23 8] 23 AE 4R btk



xR ¥ 7%

1278 Chinese Journal of Atmospheric Sciences

Vol. 37

DX Y i — 1 — T M DX 03 S AR P A i s K
MR 03 LLERIXEL, 454 EImsh il i
T, RS s DX A H L I S T A B 22 X I ARk
) RELTE. HHUbRI W, il DUIAUHESE Fopd
BURFSEYE S H I, XN ) RELTE 7532 ) |
SR R FE R A A A B I 2

h T 3B IR B e R AT REE, AT
A3 T BN CBEIX 500 hPa FEOF-I7 R4 1F S 0]
e S M R 5 o T RMA AR AE . ] 28 ATLUR
H, R R P AL X R B B R X, SR
BRI IR E, &5 15 X 1 B XA
J T VG i ARSI IR 20, AR K O 6 B P
Wil AR RAE R, AR T WIS S T
SO AR X, AT T 7 i ] R 40 ML DX (1)
RELTE. K&l 2bH, DUHHLIX 500 hPa /=1 f5 3% 0 IEER
Rt P e e TR il R o s Pl 17 7l
R T — AN MBI “PRE 17 B DY)
HUIX (FBHZETE 2 ) 4 2 B IR, MfTAS
T a2 A S F Y . DRI, AR KA
BB 2, XK RELTE [#25 A)50 Bl 3 2 4E p e
W E R AR B . B 2¢ HRRTDLE H, AL
[X[¥) 500 hPa {74 5% [ IE BT Hpot, JFm v s
WP AR SN HIX, ZIE PO AT e AR
T IE P o R TR, TR LA 2 LR DL
BT ) IERE S O BT 25 5. BRAh, FESEHBIX [ 1E
PRSP AR R T B s R R, A6 VIR L AR
MUK B A, LR X R P AL T A B 1
GO, JUITE Fe i 4R AR, AT M 2R %
iRt - AU TES 5B |y =S il S T
SR R s R W 2 o e S 4 A RN A A
PRI, A7 R T2 vt v —V L — g X
RELTE. K, FESEF ST sph i B IE R, AR
T AR ZR b b X R VY R — VL R — A2 e Hb X
RELTE.

Bl 3 25 H T BN SR X v P 3 R 1E S H R,
[f) 850 hPa XM 2 m %Y (2 m s AL TS
W) T E K. B 2a H, BRI E R
() “HHE—FE” BT, BRI 4 4 i
DX DA A B PE RCR 2, 78 AR S AR b DXk v
K (E 3a), SNSRI T, P
N 2R MY 55 1 T Al o 4 DL B H BE
SR, Il LX) PR (TR
AR (B 2b), DU BT IR S e B S0 R 5 T B e

TP EIR R B SERE R, AR AR AR 1 X AT
VEALIK, V2 S R T AR S RN g b X R 5%
] () AR X, 75 5 1 Pk [ A b — AR g S5 b X
(AR S H RS (& 3b)o BbAh, AESEHLX I
PR AEAE (B 200, — 7 RS T 26 B i X
FE VU ARE A B 47 1) IR S A 12 E AR P
2R G PO T R AT S b X AR e XK
78 [ AR AU H AR BT DA m ARk 32, DR A
AP ) S R 350 0B P 2 O 2 8 25 DA/ il O v 9 =
e EZRACRT H AR S5 X AR AR R 3 (B 3¢).
Ty, P AR A R AE A, WA AT ED
22 v [ G g X DU G A =, AT [ G R A
IR P A T S AR A (BT 30D

Bueh et al. (2011a, 2011b) #5747~ T SLP
VEAETR) Y v s i RN S 28 D R B b X, DL &
r v 26 B M DX AU A T AR P B B
AR AR S =AU /| s A R N T S sl R RN B A R 1 4
J XA AR A, S L PG AR R g ey
FE A TN AN [ X AR S . A St
— o5 tH A B IX i B 3 R 42 1 S iR ) SLP
A2 m i EEA IR A . B 4a dr, PEAAARNE
Fe IR LR IR ) 1035 hPa, 1025 hPa e T
VUV 25 4530 K DU A A A5 e X, L s e 1 D2
WICAPG X, [ 7E (2 X A7 AE R A e 1R
B IR, SLP 37 I I A B8 1 1Y ey AR AR PR T 35,
AHRT 5S4 B IX % 253 rE R s K
X D). & 4b i, PRI R R SRR e
A LA K 4a PIEOUIE AR, RIS RS,
H. 1025 hPa S5 T4 51 1) 0 RIS AR /1N s 1 2 T i X
FFAEFREASE (BT B FIC R, SLP 37 X Fh it i 4k
RMTERA RT3 T4 X A S M T, [H
B T s e A —A “BRE” WU e
FEAERAEP EEICE LR . B 4c H, T
AERINE iy R FREAR e, (H LSRR 1025 hPa S5
TR W L =R oL R by, B R AbEs
AL “BEAE” AT IS (A1 PE R, e Bl 4 v
S P ST 55 s (RIS B FR G S T AR 59
BT, ART 515 A0 A K e 1 DX )
A7 R Rg e E AR AR SR LI CEIRED

Je2ER R 45 500 hPa 37 ) = AN SR X B
TS X B LI R I O, s HIL N B =
AP35 5 R O, AR AN ) ) 1 S
A Gl KRBT LA VU (R 3). R3GHT



6 1] SRS ML NK P A R OB X T A 3y L BT I P o ] 26 2 DSl Al o ATl A AR B R
No.6 GONG Zhigiang et al. The Euro—Asia Height Positive Anomalies Character and Its Probable Influence on Regional ... 1279

DU CHEX 500 hPa Ff-F-37) 1F 7 0 c & 6 B
RELTE ({5 B SAKE, B RUABX M) =AM X
W E R S H R, KE RELTE [R7k#i%%, RELTE
MPPBIFREER BN 153 K, SO 4RECTFYI5RE N
2.0, ¥4 4 RAIE 0V RELTE St Besift.
M3 MK E, B 414G~ RELTE KM 0.3
DL b iRy D23 = A7 T o [ P 58— b — T rg 1)
DXk, AEARAGARS . 7 B RPh RR V b  A TR AR

3 MAEXHEX 500 hPa EEFIFHIEFEEEX A RELTE
EHER

Table 3 Characteristics of RELTEs corresponding to four
types of assembled positive anomalies of 500-hPa height

over three blocking high regions
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Fig. 1 Spatial probability distribution of RELTE corresponding to

continual positive anomalies of 500-hPa height over blocking high regions

of (a) Ural, (b) Baikal, (c) Okhotsk, respectively
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Fig. 2 Composite of 500-hPa height anomalies corresponding to

continual positive anomalies over blocking high regions of (a) Ural, (b)

Baikal, (c) Okhotsk, respectively (unit: gpm)
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Fig.3 Composites of 850-hPa wind (unit: m/s) and surface atmosphere

temperature (SAT) anomalies (unit: °C) corresponding to continual
positive height anomalies over blocking high regions of (a) Ural, (b)
Baikal, (c) Okhotsk, respectively
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Fig. 9 Same as Fig. 5, except for the 500-hPa height anomaly averages over three blocking high regions before and after RELTEs (unit: gpm)
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