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Table 1 Variance contribution ratios of the first three

EOFs of the zonal wind anomalies in boreal summer
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Fig. 1 EOFs of the zonally-averaged zonal wind anomalies in boreal summer
(a, c. EOFI and EOF2; and b, d. the time coefficients of EOF1 and EOF2, respectively)

CEEImE D, 24 msf ) 28 500k 1E i 2030 09/ 00 g XL 3 Nina 4 (& 1d), A 1994 F1 1995 4F 3% WA~ 5 K8
T AG A 93 55+ 3 26 AR 3 1) VG XU S0 07 AT RE R A5 ENSO Xf I 36 2 AN &, 19941995 47 & B
JRZ s M4 ) R0k 0 0 R P R g A R AR (TOD) S B kA B AR T 2 1 X
a3 SE AR Gy (PG K2 AL B AT RE R AL . R e W ES A5 AT BE S 10D 7 78 LA OCHk .

49 TE B AF Y T 1982-—1983,1987,1992-—1993,1997 3.1.2  JA

AR B %) T EL Nino 4E, &8 Kk B9 1 (8 4E 4y 4o R T T RGP R AR AL 1R 2 45
1984—1985,1988,1996,1998—2001 4E X} i T La T EOFI Hl EOF2 I[a] R Morlet /N A8 45 5.

16 EE— e 16
@ e o)
gt
= =
= o]
2 2
o) 3}
¥ ~
41 ;
(—\0.5
- 05
1 05 %ovs
0.5 §[Wé_ﬁ
1 5
1980 1984 1988 1992 1996 2000 2004 1980 1984 1988 1992 1996 2000 2004

Kl 2 EOF Wf[a] 5 51 ) Morlet /) if 42 4 2y 5 4%
(a. EOF1, b. EOF2; B8 ¥ 4 /R 1E 90 %0 BAZBEG T T 23 s 45 B R X2 /N 28 9 3% 300 5% i 1 (X 38D
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(Areas where the values are significant above the 90 %level of confidence are shaded. Dotted areas represent the cone of influence)
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Fig. 3 Correlations of the time coefficient of EOF1 with(a)the summertime AO index from CPC,
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(The contour interval in b and ¢ is 0. 2, and areas where the values are significant

above the 95% level of confidence are shaded)

@ #F:AO 5L A http: / www. cpc. neep. noaa. gov/products/precip/ CWlink/daily— ao— index/ao. shtml, 5 [a] i 6] : 2006 4 9 H 8 H ,



.
376 B %

EE 65 &

500 hPa E ., [ MO 5 S0 1K 5 9L U8 0 A )
4 111 49 R 5 8 5 26 LR SO £ 4 4 . (A
$ 1 0 P 4P 5 o A A
GUAGEIK . 2itI) 3BOh TERT X R AO G4
5 0 A S 50 0 B 0 IR 2 4 570 S
R 3 0 9 5 o 4 X
SHH. SRR WP L RIIET AO A
X B K X A B B
HE L R T #F AAO SE BRI T
i K B

LI B o 2 DX A R
T IR W FRAR A ALK P B 4 56 TR B
1A M D36 T 4T 3 945 5 5 6 10 49
U EOF L4536 R K 0 3L f e Jr 3. CPC
5% AO J5 0 T R 04136 F 0
59 0TI DK 43 50 3 T o 5 B DK X (P

%2
Table 2

W), XYL EOFL Al EZE BT AO Hh 5
ENSO M7 1 #7r. AR EY AO 5 ENSO
HHE—EMIZR BN Z M5 R AT f8 2 i K F
T ML X

J T #k—# 753 EOF1 5 ENSO [k & . 4351
TR DU R ) B S R EOF L X R Y B i)
FECMPUZE Nino3 [X 45 £ 88 Hi i J5 A0 5¢ R B
#2), TIwHFEEKA, EOF1 5 Nino3 X 5 %1 [F]
BB E AR /N HORBEE 95X MfEER . R
BHHEZENGL VB u] i EOFL 5 R 4R & 5
Nino3 [X i ¥ i J5 19 5¢ 7 . Ui B v AT B 4T 45 1]
AR S AE AR N . BT AR OC A B2 EOFL fE
— 442 Nino3 X8 # L & Fk % EOF1 fl E—4F 5
Z% Nino3 [X 48 % AH ¢ R Eon] LLJE i 95 %6 1Y 15
K96 . Uk B 45 1) 57 349 56 9 1 32 2298 4 % El Nino/
La Nina W] G847 78 5 A0 i B, (H B R JS 35 1 a,

W2 [u ]38 1) EOFL X R 1 B[] 22 2060 DY 2 Nino3 [X 4 80 8 il i 5 AH 56 R

Lag—1, 0 and +1 year correlation coefficients between the time

series of EOF1 of [« ] and Nino3 index for four seasons

#Z%[u] EOF1

HZ[ ] EOF1 #Z[«] EOF1 % Z[u] EOF1

AT —4F 7 Nino3 X 5 54 —0.54*
BT —4F B 2 Nino3 [X #5 %L —0.31
AT —4F Bk 2= Nino3 X 8%k —0.18
H AT —4F 4 Z= Nino3 X453 —0.13
# 7 Nino3 X 185 0.03
¥ 7= Nino3 X 5%k 0.28
# 2 Nino3 X $5 %k 0.43”
7% Nino3 [X $5 5 0.51"
WS — 44 2= Nino3 X 48 5 0.43”
WS —4E 5 2 Nino3 X 5% 0.17
i J5 —4F 8k ZE Nino3 X454k —0.07
WIS —4F 4 2% Nino3 X $8 5 —0.07

0. 26 —0.25 0.08
0.15 —0.39" 0.13
0.15 —0.23 0. 20
0.08 —0.19 0.23
0.12 —0.19 0.02
—0.03 0.16 —0.04
—0.06 0. 24 —0.06
—0.13 0. 34 0.09
—0.28 —0.27 0. 27
—0.35 0. 06 0.15
—0.28 —0.11 —0.28
—0.18 —0.12 —0.01

T SEE 95 %0 1 B MERL S .

3.2.2 5 ENSO WEt &

EOF2 X i (14 if 8] 2 %5 5 & 2 Nino3 X 48 811
A BB A 0. 74(K 4a) 1 EOF2 548k E &1
P oW SSTA M AH & 43 Aii s iy 122 3 ENSO
FEAE < 6 75 T8 o 2% ORKOF- P 2 TE AH 56 XL 76 77 38 79 KF
LA IRV P BB 2 A5G X (&l 4b) . EOF2 5[]
FE S AR AR AR 45 1) S 24 [ ) 52 B A 25 1 3 )
7R EOF2 ALY 43 A o H o i (B4R Lo D09 & BN
T El Nifo S5 4, IR 4F /95 B 1 T La Nina
A .

EOF2 5 200 hPa o # &5 B 3 1 2 (19 1IE A ¢ X

o 125 1 3 P A I M X, D R TR T
RAKF ¥ B3 U G XA F 30°—50°N ([ 40),
IEAHSGERIR T EOF2 B[] 7 51 &5 (IO { 4F, 200 hPa
P B R CF B . & IO A 48 SO+ El
Nifio(La Nina) 4F, [A] B}, 76 b >F Bk v 46 B oy — 1%
(FDJEH . X5 De Weaver 55 BF 5% 4t 2 Bk 4 %
(A 45 V8 A — 20, HRE & 2R 1 26 ) <035 Ry A
AHFTARTE . X RS 1 S IR A RS 5k
ENSO 54 1) &l #4717 2008 1 T i AR e -

# 3 W PUZ EOF2 5 Nino3 X 45 084 [5] #
AHOC 3R A JE B 2R 5 R AR B I 2= A0 G HR AR



39 H 254 SO i F 1 R B i B0 RS AO HENSO By R 377

4
(a) Time coeficient
3 — ——— Nino3 index
A
h \
2 | \
A AN
/) \
1 / A 1
/ / AVA 7
0 . \//\ \I‘ 1 1 // \\\/fA ~ 1 I\ \\\‘ 1 1 1 /\ \\ \_'
W ~_V \ -
W NN
-1+ \ / N
\ /
L /
-2 \v'
r=0.74
1979 1982 1985 1988 1991 1994 1997 2000 2003

120°E 180

K4 EOF2 X N E] 2R $0S 2 Nino3 X5 5 () (&R FRiEl 52 7 SSTA(b) & 200 hPa
07 H5 85 JE 5 (o) BAR 3G R MO AT AR (LRI 0. 2. BIAE SR ad 1 95 0 1 5 35 P A )
Fig. 4 Correlations of the time series of EOF2 with(a) summer Nino3 index, (b)global

summer SSTA, and (¢)200 hPa geopotential height anomalies, respectively

(The contour interval in b and c is 0. 2, and areas where the values are significant

above the 95% level of confidence are shaded)
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PRINCIPAL MODES OF SUMMERTIME ZONAL-MEAN FLOW AND THEIR
RELATIONS WITH AO AND ENSO

Bai Yingying Guan Zhaoyong

Jiangsu Key Laboratory of Meteorological Disaster s Institute of Atmospheric Sciences, NUIST, Nanjing 210044
Abstract

The NCEP/ NCAR reanalysis data have been employed to diagnose variations of the zonal mean flow
in boreal summer. Two leading EOF modes are found to dominate the spatial and temporal changes of the
summertime zonal-mean zonal winds in the troposphere. The EOF1 mode shows the distribution of zonal-
mean flow anomalies with higher variance in the North Polar Region, whereas the EOF2 mode shows the
distribution of zonal-mean flow anomalies with higher variance in tropical and extra-tropical regions. The
EOF1 and EOF2 have respectively the periodicities similar to those of AO and ENSO. Significant lag corre-
lations have been found between EOF1 and ENSO, and between EOF2 and AQ, in the seasons including
spring, fall, and winter. However, no significant correlations have been found between EOF1 in summer
and ENSO in any other seasons and between EOF2 in summer and AQO in other seasons, no matter how
long the lag interval is. These results suggest that the principal modes of summertime zonal mean flow
could be statistically separated from each other. Hence, EOF1 and EOF2 are physically related to the AO
and ENSO, respectively. The quasi-geostrophic non-acceleration theorem has been used to partly explain
the possible mechanisms of the maintenance of the two principal modes. The composite difference fields of
the divergence of E-P flux between positive and negative years of the time coefficients of EOF1 and EOF2
exhibit the two patterns similar to the EOF1 and EOF2 modes of the zonal-mean zonal wind anomalies, re-
spectively. It is the planetary waves rather than the synoptic waves that dominate the behaviors of the E-P
fluxes, suggesting the crucial role of the planetary waves in the maintenance of the zonal mean flow anoma-
lies. The residual circulation basically cancels the divergence of the E-P flux, but in some areas, such as
the upper troposphere in the tropics and the low troposphere in the mid-high latitudes, the friction also
play an important role. These results are very helpful for us to better understand how does the anomalous
zonal mean flow maintain and how do the ENSO and AO influence the global climate variations.

Key words: Boreal summer, Zonal-mean flow, Arctic Oscillation (AO), ENSO, E-P flux.
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