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Abstract The propagating characteristics of low-frequency oscillation (LFO) over Eurasian mid-high latitude in boreal
winter and its interannual link with the Eurasian background atmospheric circulation are analyzed by using the National
Centers for Environment Prediction—National Center for Atmospheric Research (NCEP-NCAR) reanalysis data. The
results show 10-30 days dominant periods of low-frequency circulation and clear southeast propagation. The meridional
and zonal mean speeds of the 10-30-day LFO are about 3.4 latitudes/d and 15 longitudes/d, respectively. Further analysis
shows that the interannual variation of the LFO is closely related to the Eurasian teleconnection pattern (EU). We define

the negative (positive) phase of EU as conditions occurring when the ridge over the Ural area and the troughs over East
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Asia and northwestern European are weaker (stronger) than that in an average year such that the EU index is less than

(greater than) zero. When the EU at the middle and upper troposphere is in a negative phase, the Siberian high at the low

troposphere is weaker. These factors lead to weaker large-scale meridional circulation and dominant zonal circulation

over the Eurasian region, which is not conducive to the propagation of the LFO over the Eurasian mid-high latitude or

vice versa.
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KA (Low-Frequency Oscillation, LFO)
WH PRI A ZEAE 10 d L, 100 d LIRS,
k.. LFO 46 i Madden and Julian (1971) - 1971
LRI ORI, KBS, flfi] (Madden and Julian,
1972) kAR R X HAFAE LFO. WF5T
R, AMUFEHGTHLX (Jiang and Waliser, 2009;
Wen et al., 2010; Janicot et al., 2011), i H7EH
#ili (Mao et al., 2010; Wen et al., 2011), %
¥k (Kikuchi and Wang, 2009; Yang, 2009) #B
f#4£ LFO. CAHWIIT (FhEEAE, 20100 ¥ LFO
T SRR T, B R RO AR TR A
PRI Ta) 2B ) AR AL T —Mrn] ek 4. FAAiT b X
i1 LFO 2y hhiit B ™ 42 (Jiang etal., 2004;
Mounier et al., 2008), K451 (Chatterjee and
Goswami, 2004; Yokoi and Satomura, 2006). 7K
“P-gfify (Kiladis and Wheeler, 1995; Slingo et al.,
1996). £ AEREIFAE (Jiang and Waliser, 2008;
TR AR5, 2008) LA K 4 A& R ¢4k (Chatterjee and
Goswami, 2004; Hsuand Li, 2012) %50 &%
WIFURCR o #ali LFO A7 7E 25 145 B A2 AL 4R ik

(Shinoda and Han, 2005), H7EFFr & L [F 4R
B2 AT P) KR (Han et al., 20100, #iff LFO
TP UE (Chen et al., 2009). ZEX (FBHIAURI
ZELE4, 20005 Qietal, 2009) FIENSO (El Nifio
La Nifia—Southern Oscillation) (Yun et al., 2008) 3
AHEBRN, T, F8 CE TR T A B AR
LA HLX 1) LFO (Weare et al., 2012). " )L, H
HEOC T b X LFO G847 AH ) V2 MFT, 1M1 %
Trimdithx LFO MwFFL+ 70 A .

Li and Wu(1990)F1 Anderson and Rosen(1983)
IR N E2EHLX. LFO IAFEAE. M T RIZEs:
B (1992) Wit H AR RAE AR APV L BE B
(RN, LFO fEh s, JCH 2 mdifEX,
HRABRERE. Bk, LFO AMULAE iy i X 11
HE, AP mdithX R ER. BARAIEST (Wallace

and Blackmon, 1983) g4 K< LFO Sk
VA HAE R AN A % UIA O, HEIH A
1k, R4 LFO k=R ARG HINIFT. s s
X LFO M EZMIE . R ESEIE + 0 AT
R XL, HETRE AW A, MIER AN

AR X LFO b 25T
%, B, WRAZE LFO I3 BRI B, 4%
o, oM BRI AR RRRAE, RS T — MR
[N LFO SRPEEMTREG o, TEAERRm ) R
b, BT BRRIE R 4 LFO 5 5 5 RR P AH S 2
() AT ER 58 o IR SSRH 50T B Tk — D B A h =i 46 LFO
(R BNRFAE RN ) D72 BLA, FF AR R B PR it
— R R,

2 ERRFE

AT PR R R ik S AL
@® 1979~2011 4F25 1 & NCEP/NCAR F43-#7
Pkl iz HFE H 850 hPa Fil 500 hPa £
X (U850, US00). £ K (V850 V500) FlifE
PR (SLP), LUAZEH o = 0.995 ZiRE
(T995, ARFHFIRE) A% H 200 hPa =/ (Z2200)
A1'500 hPa &1 (25000, LA #RHKIKT- 43 253
3 2.5°X2.5° (Kalnay et al., 1996). & X% 12
AR 2 JWPEA AT $EH 1979~
2010 4F3L 32 a B HAARMAT VY. HYZES
H1"F1 Morlet /NE 53T (Torrence and Webster, 1999)
3335 H A R e b s A M X p 2RI Ch 98 K
WS, DRI/ o BT R 26 25 BRZE TR ER AL
T 7 RIRANEA) . K5z Lanczos il g
4% (Duchon, 1979) BT UEW CIEBESH n =150),
PRI F MG 5. RIGE 32N 12 A1 HE2
H 28 HFEAZE H P42 1979~2010 [ 42

* Ty 2245 43 A B2 b b [ ) 2% g DK BT 59T 4% S ATE R L 4R A0
Chttp://ljp.lasg.ac.cn/dct/page/65539 [2012-10-201), A/ MRz, X 45H
BT 7T (Hanning) P Ab#L.
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BHRZhZaak o I ml i, #5748 B R A& R RO e
HAihIX A7AE 10~30 d RS ], A& ZEdAT
76 10~30 d PUEAEIA . 9007, T4 AT,
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10~30 d FRAEATR 5 F8 S ROV H iy 2 1 DX 15 3 A7
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7E 10~30 d C(FEmE ). DRI A SOR 3 24 BT A ZRK
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AR IEAC K EL (EOF, empirical orthogonal
function) ZMEvER N B ZRRE H 52l LFO (132
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W1k 16 d. PC1 F1 PC2 25 i B v o A e &
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PINAEEFH (Wen et al., 2010). 2% Matthews
(2000) (7515, ¥ LFO fER—WZ ¢ Rom e — 4
) KA Z:
Z(t)=[PCI(t),PC2(1) ], (1
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Fig. 2 (a) The EOF1 (first EOF mode) and (b) the EOF2 (second EOF mode) of the 10-30-day T995 and (c) the leaded-lagged correlation between PC1 and
PC2 (principal component time coefficients corresponding to EOF1 and EOF2) in winter. The shaded area denote the absolute values exceeding 0.01, the

contour interval is 0.01; in (c), symbol ‘—’ of x-axis denote PC1 leading PC2, for example, ‘—8’ means PC1 leading PC2 8 d
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Fig. 4 The evolvement of T995 field (shaded, Unit: °C) and wind field at 850 hPa (vector, Unit: m/s) with phases. (a) 10-30 d LFO fields (the contour interval

is 0.5°C, the zero contours are omitted, all shaded areas pass the test at 5% significance level; only the wind vectors with significance level exceeding 5% are

shown,; the red arrows mean the propagating directions of LFO); (b) original fields



14 PR A A2 e A R AR 3 A 4 B e DRI R AR SR L A 5% AR
No.1 YANG Shuangyan et al. Propagation of Low-Frequency Oscillation over Eurasian Mid-High Latitude in Winter and Its ... 127

Boln) R HIX, AT RE R R AR i . it —
UL R X H = 26 10~30 d AR Stk
FREFAE, &5 250 TARAR T99S 371 i [A]—48 JE Al
I E)— BE I T P . 1) Sa T Sc (e e —2
T AT, AR T995 377 WH 2 b Ak 1) ma AL 3 5
fiE. f&#% Jiang and Wang (2004) [¥)J5v%, FJHAK
B 7 T LR (BRI st ik
fEo Wil Sa R, £k 7 I RN IR w
40°~130°E PRI AERETT 0], 15 Sk KRR 400 {E
290 3.4 AR [FFEE Sc IR ifdT 100°E 1%
TR E LN 3.4 HiE/R . ARSIA R A S E 17
PUERRIE L 3.4 4ifE/ R (B . Kk, w]
FrbE A BRI I 2 A R L 3.4 4%/
Ko B 5a Fl Sc FARAT IR I 1] —28 B 1 1 P ]
A, FCEA I Y 1) AR A AR R . [RIEE, e
N [ —220 S 350 T P P S S P 3 2 i A iR . B
SRV AN [F) 20 B 20 i AL R FE A A AN ], (R
LN 15 /K.

4 ZZFRIIFE% LFO Fa5EIE
ERXERXR

Yun et al. (2008, 2010) ] 30~60 d {4 OLR
(Outgoing Longwave Radiation) [f] EOF1 1 EOF2
PO T Ry X ) b A% 3817 LFO [ Yun et al. (2008,
2010) FRIX Pl Jb A% 76 f1 LFO 24 NPISO, K
northward or northwestward propagating intraseasonal
oscillation , - F H W4 S IR ) SR A1 ~F- J7 F
(HI PCI?4+PC2%) 403 NPISO (1) fE o B3 AL
FH 91d 158 T35k 26755 1SO it ol B 15 (1) 215
JUBE, I vE57H NPISO R4EBR-R e %, #Efit
F¢ T ENSO I NPISO Z [H] [k 5 - Wen et al.(2011)
¥ & EOF (EEOF) J3 i 3156 [H Hviy—ml| #471y b
[X 10~20 d {&A OLR [\ = ZERIA (RIZR VG4
AANEIEE), HARWEES ELH EEOF1 Al
EEOF2 ], 1 md Jbbias 3 %2t EEOF3 Al EEOF4
PO o ABATT 0 I AN B I gl (R VPC 12 +PC2?
FIPC32+PC4? ) SRR 7S AT 113 Iy 5t o i
B, SRS R A R R B iR i T 1)
I (R P 38 R R Rz iz A s s, v
P AR PR AR FR 2, dEmERT T 10~20 d
LFO WAL 5 LS Z M X R . Jiang and
Waliser (2009) iz H [FIFE IR 7712453 2 AR K By
MRS (40 d BEART 20 d 2% 1E Bhom B (1 4F

BrARft, FEERWT TS Z MG R . B2 UL Bt
FIA K, AR A =4 LFO g [ 2
LA (2)] KER LFO (G shom s, JEHAHE
278 LFO i 1 I [A] -2 >k R B:4F LFO (135 3))
SRIEFRE CFCRIFR PC), How R

PC::lZZ(JPCH2+PC22x, 4
n o

Hrn=90, FREHFELT CYF 12 A 1 HRRSE
2 F 28 D RE. KA (4) w1979~
2010 4F PC [l P41 (W SCE 8D

KZEFRW A F LS LFO 583 5 RO X 15 528
WA B AR, UM R T RO REAH
KA (EU) AT EEAHRR ARG,
‘U -t Wallace and Gutzler (1981) $2H, £ K
Ly R R R . BRI PG X 500 hPa /=
IR R, SRR, EU 2R
A P K2 — . Sung et al. (2009)
9T T HRE L BU MR WA SN R, i
VR IR A B A IR 5 BEU 1% U1K
% . Wallace and Gutzler (1981) tHI5H! EU 4 W
RBWEFAETAR KR XFEFFHEIC (2012)
e BU MR AV AT RGE LS
H AR AR 2 A . EU &0 5E0F F
TARAI IR W 2 BRI A Z= RO s 44
LFO 58 HERHLX FE I RS (EU) Z[H 1
PR, Bt T &2 PC FIHKAZE 500 hPa
Witk (OFEEES AR . K 6a nl%n, {ox)
WETE (500 hPa), KU VG 1k A AR MV i i X
RIM RS H, B R EERR R .
B, 755 b7 2R L 2R 3 A DU AT AR S b DX SR 30k 1 v
S, I A RO IR R R o X A
ERXE BU MBS EA—8, HREHo5Ek
WIBAH IS s (B 6k b &) FEA
Wit . BRI, AZEBRE 4 LFO (M55 5 BU
I E VIR RO =4 LFO 15858k, LFO
(VG R ORI, ) 2R ) e AL R B I A, s
WK 58 e 44 i b X PRI ATIA 25 S A 8K &, AT 3%
i) 425 40 A A A P M X L RS o s b, &
Z PC [MHAENREZE LERER Y, 5K 6a
TN ZE ) 500 hPa 5 B S5 1 16 0 AT T 344
Blo & 6b Ay PC [MJH 142 200 hPa /%3, W]
B, AR RO T I 350 00 45 A0 X TR Ay 47
L, AE SRR L X RPN IE 581X T T g,



b N W 38 %

128 Chinese Journal of Atmospheric Sciences Vol. 38

ave (40°E— 130°E) . ave (40°N 80°N)

10{®
8_
6_
4_\
o
0_
_2_
_4_
_6_
_8_

80N
70N A

6ON-

Time/d

50N

40N A

30N T T T T T T T T T T T -1 —
-12-10-8 -6 -4 -2 0 2 4 6 8 10 12 40E 50E 60E 70E 8OE 9OE 100E11OE 120E 130E

Time (d)

section along 100°E section along 55°N
80N 12 - -

10{@

70N A

60N

Time/d
o

50N A

40N A

30N — -12 — : — . : .
~12-10-8 -6 -4 —2 0 2 4 6 8 10 12 40E 50E 60E 70E 80E 90E 100E 110E 120E 130E

Time/d

K5 10~30dLFOT995 %: (a) i 40°~130°E “F3H1 (c) i 100°E I Al—ZB T (b) % 40°~80°N “FHH (d) iy 55°N (K [il—42 B
o Bfz: °C, “—” FoRIFMHTT PC1, #ln “—10” FRH T T PC1 10 K

Fig. 5 T995 fields related to 10-30 d LFO: Time-latitude cross sections (a) averaged over 40°-130°E and (c) along 100°E; time-longitude cross sections (b)
averaged over 40°-80°N and (d) along 55°N. Unit: °C; positive (negative) lagged time denotes that circulation lags (leads) PC1, for example, ‘—10’ means
circulation leading PC1 for 10 days
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Fig. 6 Regressed height fields (contours: the interval is 3 gpm) and wind fields (vectors, only the vectors with significance level exceeding 5% are shown)
against PC in winter: (a) 500 hPa; (b) 200 hPa. Orange and blue (pink and purple) shaded areas indicate positive (negative) anomalies with significance levels
exceeding 5% and 10%, respectively, and latitude range is 30°~80°N. % shows the active center of EU (Eurasian) teleconnection pattern defined by Wallace
and Gutzler (1981)
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