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Abstract The simultaneous relationship between the North Atlantic Oscillations (NAQO) and the precipitation over Southwest
China in boreal winter is investigated using the NCEP/NCAR reanalysis data and 160 Chinese stations monthly rainfall datasets
during 1951 — 2010. The results show that there is a significant positive correlation between the boreal winter NAO index
(Ixao) and the winter precipitation in Southwest China. Moreover, the positive correlation is asymmetric. During the winter of
weak NAOQO years. the circulation pattern in East Asia is not favorable for precipitation in Southwest China. Contrastingly, dur-
ing the winter of strong NAO years, the relationship between them is not significant. Further analysis shows that the main cir-
culation pattern which influences the precipitation in Southwest China is a teleconnection pattern existed in the Caspian Sea and
Middle East-Arabian Sea-Tibetan Plateau and the downstream area (CAT teleconnection). It is found that the CAT teleconnec-
tion pattern has an asymmetric relationship with the winter NAO, and the relationship is significant only in the winter when the
NAQO is in its negative phase. The results from the composite of the wave ray and the wave-activity flux during strong and weak
winter NAO years show that in weak winter NAO years the wave rays which were aroused by the wave sources in the Mediter-
ranean could be consistent with the route of the CAT teleconnection pattern, and the wave-activity flux shows that the stationa-
ry wave could spread to the downstream along the Caspian Sea and Middle East-Arabian Sea-Tibetan Plateau. On the other
hand, in strong winter NAQO years, the wave rays are to the north of the CAT teleconnection and the stationary wave could
spread only to Indian Peninsular. These results indicate that the asymmetric relationship between the winter NAO and the win-
ter rainfall over Southwest China is determined by the asymmetric influence of NAO on the CAT teleconnection.

Key words North Atlantic Oscillation (NAQO), Southwest China winter rainfall, Caspian Sea and Middle East-Arabian Sea-Ti-

betan Plateau (CAT) teleconnection, Asymmetry
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Fig.1 Correlation distribution between the winter

(December — February) Inao and the winter precipitation
in China for 1951 — 2009 (the shaded areas

indicate that it is significant at the 0.1 confidence level,

respectively; the contour interval is 0. 1)
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Fig. 3 Scatter plot of the winter Iy, against the winter Iswr

(Solid and dashed lines are linear fittings for the data of negative and positive winter NAO phases.
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Fig.4 Spatial distribution of the correlation coefficients between the Iyso and the winter rainfall
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Fig. 5 Composite anomalies of the geopotential height (contour, unit: gpm) and the winds (vector)

for the high (a,c,e) and low (b,d,f) Iswr years
(a,b: 850 hPa, c,d: 500 hPa, and e,f: 200 hPa; areas with the correlations

significant at the 0.1 confidence level are shaded)
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Fig. 6 Composite of the zonal (a, b) and meridional (c, d) vertical profiles of the water vapor transportation
(averaged over the west (97.5°E, 22.5°—30°N) and south ( 22.5°N , 97.5° - 110°E) boundary,
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low Inao years and the climatology, respectively)
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Fig.7 Composite anomalies of the 700 hPa wind (a) and the 500 hPa

geopitential height (b, unit: gpm) in low Iyao years

(the shaded areas indicate that it is significant at the 0.1 confidence level)
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Fig. 8 Satial distribution of the correlation
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of the 850 hPa wind with respect to the Iswg
(The shaded areas indicate
that it is significant at the 0. 1 confidence level;

the contour interval is 0. 1)
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(the shaded areas in (a), (b) and (c¢) indicate that it is significant at the 0.1 confidence level)
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Fig. 11 (a) Spatial distribution of the correlations
between the simultaneous 250 hPa geopotential
height and the Icyr. The vectors represent 250 hPa
wind regressed with the Icar(the shaded areas
indicate that it is significant at the 0. 1 confidence level;
the contour interval is 0. 1) and (b) scatter plot of the
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(shaded areas indicate that it is significant at the 0.1 confidence level)
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Fig. 13 Composite anomalies of the stationary wave rays (red line) in the high (a, ¢) and low (b, d)

Ivaoyears. (a), (b) are the results based on the first root, and (c¢), (d) are the results

based on the second root. The shaded in (a) and (b) is the composite anomalies of the meridional
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source, and the black contours are the composite zonal wind with its values larger than 30 m/s



=

7R 5 T G DK PG 3 P B AL T I LA 3 e i
i DX F P8 Bl U T A 1 22 i DL 5 4 4 4 R A T
35°N B3 » 55 HLIEE A0 AR — Bl A 1 — 7 g I L
LT Wi 28 AH DG 45 4 07 B 5 A — 2, DR SR B X
UNISENTES AP

Bl 14 g MR & Z 0 R PE A ¥ Bl v | IR AR
AR (BT € SN Z PR SN (RS
B AR TR VU W 3l w5 15 24T b v 3t X119 90
v iy i 5 1) A A ) S B R L Bl 2 BT AR
S I BT 4L AP T e XL AR R BN E By . AR
L E R B A DA BB SR R O S AT X
111 24 2 0K P T P Sl AR 38 200AF » 3 v T e XA 38
PRI R U 0 AL B 23 S AR 43, JE AR — S AR 50—

TRIEDN A & Z AU R VPE T V5 3015 v 11 7Sl X K ) A ) 56 3R

1239

567N, I B 7 BRI K il 13 A5 A% 4 » 7 388 — 32, b v 1
M DX BRI B0 1 G 1) i R 1 A% i S A DY I 31X A% ]
ARG S P h 2 BT R A B BT T B R R —
EAGRE BRI IX . g . AR JH 8 0 2
SRR AR A F AU RV P U Sl AR5 K0AF e i X
{1 9 1) 0 A R R L T A LI R P R BT A
E 7 R 1) U A R LB AR S B A R AR
AT 437 A P — 7 R D S LT U A S A — 2 T
TEA-Z AR VY i U 3l 45 H0AF e 3l 19 £ 4 i 2
55 Ak AR e . HURE B IR BB By N BE 1 R Ui
Sk . X AT RBJE A T AL RV o ¥ 8l 5 LI A e
IR — BT AP 7 8 e 5L B G 0 B A 56 56 R AN XS
PRI 5 — A A

AAAAAAAAAAAAAAAAA 3>577979997797777775>
80°N - P3RS ABE > 333> > YR 2335335555555 555> 5>
2
=
3 >335 5>
aaaaaaaaa 53
Az
60 7 < L¢g¢~ﬁk4kk£7)(/4717‘/717'2,}27‘RN7 (fﬁ‘ﬁj
S R R PR Rl ke
Qe <N T T ACe VAL v L34 TTARS >
40 Vadsdy s v sl <y Weestt g
Aﬂﬂ%‘)‘%/):{wkéé S L &y T
s T eN VL AT
20 i CE AT A AN SV 3iigaavYaata 7
saeEdey gy v vy vy S A AR YNNG Y Y Y Veadggadd>Taan
>3 333355 >7844
Sa b BN s s a5 <y
B >NV
EQ o f f ? f f 1 T T ¥ et b T f
100 60 20°W 20°E 60 100 | 140 180
2 m/s
(b)hAAA117777>>>>>) R A VRV VL L L LLLLCd e vy T AAAAAT T T 7 7> >N Y
B F 2.2 N vevey v A AAA AL AT 77T
&5 = \\\wwweHM””K R S E . TUR AP DR
F T . 3 PR AR as] ¥ e e N A e R R L R
P 2 AREFZCS N ‘" \U ANIT P PFAAA A7 5 sy s s mrnn s 777 7229077719927
60 n A7/ B, 7\\\\* A\ _'_,"" LA 2 A AAAAAAL A AT S0 7 7 ATy 5T ﬁ’;a/?
o7 P 7 \ \ \4 {4 . IAAAAAA L 224 H 25559 5% S >z
%%1 M\\ \\\§~ O R R RE LI N | U I ERIN
MWJ» ¢¢l\ .,\‘\s\ \ 7 Q B SL v @ AANA AT AN A a4 553 IR s v v aa
40 4Ty AL \ wﬁ‘ T \\,MLHMMM
vienrodas e sudy Wk ) i;‘? \\\\ka7k7§'}\4f¢11 s> A nEVaaa
vy AAAA1<4v4vV¢L NS f llil¢v7¢¢ 777N N e L
[N \WArrL4<vW¢X/ \\/\/\‘\¢ AT 7 A Y T A fa A A AT AR AT 7
20 v A e a gy &\\“\\x\yiiw SN T T2 7 As 5aaaaaaanars>
rvw@wjﬂ )N\\/\\xl’ N A N L G- A A K>>/\AA4’\’1’Y17A)
M PV EECT ANy gy v T AT GGy s sy 7y r7 7 ;4>r,\>AAAAJAVV
vivoe VTR v Vv vy vy s T AR cE Y VA Y gy anavie SV ann LAk 3 & IXESRRERERETE
FIESR AEVEVEVEL S DI 7 WAVENEVENE R vv<pM4474ANmAr<w><*VA>»V
EQ f = 7 t f f T T T = f et i
100 60 20°W 20°E 60 100 140 180

2 m/s

Bl 14 & FAER TG 3 (a) LR (b) 8 K04 73 5 Y 250 hPa
TE WA T B (R AL m? /s

Fig. 14
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