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ÄÄÄuuu������dddnnnØØØ������¥¥¥°°°§§§ÉÉÉ~~~ééé 500 hPa
§§§ÝÝÝ|||���KKK���©©©ÛÛÛ*

ô+§1) û%2)† a§u3) Û©²2) �ïS1)

1) (Ü����ÆÔn�>fó§Æ�, =² 730070 )

2) ( I[íÿ¥%, �® 100081 )

3) ( �²�ÆÔn�Æ�EâÆ�, �² 225002 )

( 2011 c 9 � 9 FÂ�; 2011 c 10 � 26 FÂ�?Uv )

�©|^²���¼ê (EOF) ò°L§Ý (SST) å²|?1©), ���|�p������¤��m, ,
�3T�m¥Ðm 500 hPa§Ý|, ?�Ú/Ï��d©Û�{½Â����é§Ý|�K��ê, ¿ïÄ�ê�
ØÓ°§©Ù. (��) �CzA�. (Juy SST |3 4—6 �°é 500 hPa§Ý|�K���, �íÿu)=C
�, ØÓ°§©Ù.é§Ý|�K�ØÓ.

'�c: ²���©), ��dnØ, °§|, 500 hPa§Ý|

PACS: 92.70.Aa

1 Ú ó

1846 c=IÔnÆ[ Sabine 3ïÄ�Ü�Y
§�ÁG=IUí�m�'X�Äguy°í�
m�3�p�^, Ù�NõÆöéd?1
�\
ïÄ, �«
�í����m�E,5'X [1−7].

1923—1924 c, Walker uyÀÜ�¥�m�°²
¡íØ|�¥¥�y�, ¡�H�7Ä (SO); 1969

c Bjerkness uy÷»�©Ù�°§FÝéÀÜ�
��í�6�)K�, ¡��Walker �6; 1975 c,

Wyrtki JÑ
°¡J,Ån (Sea Level Buildup), )
º
°²¡��Ú&º�ÍÜÅn [8]. ù
¯¢L
²°í�m�ÍÜ�^é�¥íÿ�)r��K
� [9], ÏdïÄ°�Ú�í�m��p�^, éG
!5ý�kX����¿Â.

Harnack �< [10] 3©Û°�é 700 hPa pÝ
|�K��uy��²��K�Ú��Ü�k

X²w��O, �ÁGÚSG�K��Ø��. ã
{_� [11] ïÄ°L§Ýé§Ý|�K��u
y 1992 c 7 �°§å²|é§Ý|K���. �

?�Ú
)°§|é 500 hPa§Ý|¤?�é6
�9åG¹�K��¹, �©/Ï��d©Û�{,

?1ØÓ°§©Ù.é 500 hPa §Ý|�K�©
Û.

2 êâ��{

2.1 êêêâââ555

� © ¦ ^ NCAR/NCEP � 2.5◦ × 2.5◦

� 500 hPa§Ý|�²þ]�, ±9 NOAA � 2◦ ×
2◦ �°L§Ý (SST) �²þ]�. ?nL§¥,

^V��{ [12] ò SST §Ý| 2◦ × 2◦ �:��
¤ 2.5◦ × 2.5◦ �:, Ó�é§Ý|��3�°��
éÜ©�êâ, ±�±�°§|êâê8���.

* I[g,�ÆÄ7 (1OÒ: 41175067)!�¥CzïÄI[��ÆïÄOy (1OÒ: 2012CB955901) ÚI[�E| Oy (1OÒ:

2009BAC51B04) ]Ï��K.
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�©¤¦^� 500 hPa §Ý|Ú°L§Ý|]�,

�Ýþ� 1948 c 1 �� 2009 c 12 �.

2.2 ���{{{���LLL§§§

�©Ì�ïÄ°§|é 500 hPa §Ý|�K
�. Äké°§å²|?1 EOF ©), |^ù�X
��p���pØ�������m, 3T�m
¥Ðm§Ýå²|, K�m�z��Ýþ (��) Ñ
ò����§Ýå²|�ÝK, ÚO§Ý|¯��
u)VÇ9&ÿ��°§��þ�ÝKVÇ, /Ï
��dnØ, �±O�Ñ��ØÓ°§��é§Ý
|¯�u)VÇ�K��¹, K����±@�T
��e°§©Ù.Ú§Ý|�éX�;�.

2.2.1 ��dnØ9Ù�'VÇ�¦)
��dnØ�±Lã�: e�m¥¯� Y �u

)VÇ� P (Y ), Ù1 i ��Ýþ&ÿ�T¯�Ý
K Yi �VÇ� P (Yi|Y ), K3T�Ýþíÿ���
¯� Y �u)VÇ, ¡���VÇ, dª (1) �Ñ:

P (Y |Yi ) =
P (Yi |Y ) P (Y )

P (Yi)
, (1)

Ù¥ P (Yi) ´�m¥���ÝÑy�VÇ, du
�©¥©Û¦^� SST |´���, =��ÝÑ
yVÇ��½�, ù�z��Ýé¯� Y �K�
�¹�±^ P (Y ) Ú P (Yi|Y ) O�Ñ5���V
Ç P (Y |Yi ) L�.

��dnØ´�«k��ênÚO�{, 3?

18Ï©Û9Ùµ��¡kX��A^. CA
c, Lee[13], Min[14] �|^��dnØ©Û
íM
�!§¿íN!»ì�é�í�K��¹, ��

�½�¤J. �´�JÑ�
¯K [15,16], =XÛ
�½¯� Y �u)VÇ±9XÛ&ÿÑ i�Ýþ
ÝK Yi �VÇ. éucö, �©|^ Origin S�¼
ê PsdVoigt2 [Ü�Ñ§Ý¯� Y Ñlã 1 �©
Ù, ¿�Ñ¼ê[ÜL�ª

P (y) =y0 + a

(
2µ

π
· wl

4 (y − yc)
2 + w2

l

+
(1 − µ)

√
4 ln 2

√
πwg

e
− 4 ln 2

w2
g

(y−yc)
2
)

, (2)

Ù¥ëê y0, a, µ, yc, wl, wg dã 1 [Ü�Ñ.

ÝK Yi �@�÷v��©Ù, ©Ù¼ê�:

φ(y) =
1√
2πσ

e−
(y−β)2

2σ2 ,

Ï" β Ú�� σ =�§Ý|3°§|���m
¥Ðm�XêÚ��� [12].

2.2.2 Xê β Ú��� σ ¦) – \����
¦{

ò§Ý¯�3°§|��m¥Ðm¤X
ª (3) ¤«�L�ª

Y = Xβ + ε, (3)

Ù¥ Y �I�Ðm�§Ý|êâS�, X �°§
|�¤�mÄÝ
, β Ú ε ©O�XêÚí�, kX
eL«/ª

� � � � � � � � � � � � � � � � � ��� � � �� � � �� � � �� � � � � 	 
 � �  � � � � � � � � � �� � � � � � � � � � � � � �  !� " # � � � � $ % � � � � � � � & �� ' � � � � � ( ( � � � � � � (� ) * � � & $ & � & � � � � � � �� ) + � � , � � � ( � � � � � & �� - . � � % & � � � � � � � & � (/ 0 / 1 2 3 � 4 5 6 � 4 7 8 9 � 4 : ; 8 4 < �= > = ? @ A 2 : ; A @ @ 2 4 B > 5 6 @ � 4 C D E F 4 <� G H 4 7 @ @ 8 4 C D E F 4 I @ � : J @ @ � K L M 4 > < � G H4 7 @ : J A @ � 4 = > = ? @ A @ @N O P Q E R C S T % � � � � & � � � �  U
ã 1 1948—2009 c 500 hPa§Ýå²|VÇ©Ù
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Y =


Y1

Y2

...

Yn

 , X =


x11 x12 · · · x1m

x21 x22 · · · x2m

...
...

. . .
...

xn1 tn2 · · · xnm

 , (4)

β =


β1

β2

...

βm

 , ε =


ε1

ε2

...

εn

 , (5)

Ù¥ n�I�Ðm�§Ý�:ê8, m�°§|
��m��Ý (¤k�:�¤����, ��ê=
�m, � 2.2.3).

du n À m, 3¦) (3) ª�§|�, I�^�
��¦{¦)Xê β[17], =�¦í� ε �²�Ú Q

����, ò (3) ªC/� ε = Y − Xβ, u´k

∂Q

∂β
=

∂
∑

i ε2
i

∂β

=
∂ (Y − βX)T (Y − βX)

∂β

= − Y T X + XT βT X = 0, (6)

d�í���, XêÚí�©O�

β =
(
XT X

)−1
XT Y, ε = Y − βX, (7)

5¿�d?í�3z��*	� (�:) ?Ñ´
���, �  3�
âC:NC, [Ü�¬
�.�í������ØU��n��[Ü
�J. ©z [18 − 20] JÑ
\����¦{�V
g, =�z�í��±�½��, �����
� wi = 1/ε2

i , Kk

∂Qw

∂β
=

∂
∑

i wiε
′2
i

∂β

=
∂ (Y − βX)T W (Y − βX)

∂β

= − Y TWX + XTβTWX = 0, (8)

?¦�Xê β =
(
XTWX

)−1
XTWY , ��

� σ2 =
(
XTWX

)−1[20].

2.2.3 ²���¼ê (EOF) ©)
þ©©Û¥^°§|��m, ´Äu²��

�¼ê (EOF) nØ�. TnØ�^�§ N = X · T

£ã. Ù¥

N =


n11 n12 · · · n1k

n21 n22 · · · n2k

...
...

. . .
...

nn1 nn2 · · · nnk


L«�©°§�þ|, §´d n × k �Ý
�¤�
��|, Ù¥ n ´�:ê, k ´�m�Ý.

X =


x11 x12 · · · x1m

x21 x22 · · · x2m

...
...

. . .
...

xn1 tn2 · · · xnm


Ú

T =


t11 t12 · · · t1k

t21 t22 · · · t2k

...
...

. . .
...

tm1 tm2 · · · tmk


©O´©)����m|Ú�mXê, Ù¥ m L«
�´©)�����ê, z���¥�¹ n ��:.

�©©Û¥^ m ��p�����#�ï��
m. EOF ©)¢y
�©êâ|���©l, ��
�#��m|Ú�mXêL�
�©|��ÜA
5. ,·��I�©ÛcA�©þ=�, Ï�¦
��L�©|��Ü©A5 [17,21].

2.2.4 IOz?n
�©3©ÛK��ê P Ú EOF �mXê�m

�'X�, ^ (9) ªéêâ?1
�gC�?n, ¦
�üö3þ�þ�±��, Bué'ïÄ.

yi = (xi − x̄)/(xmax − xmin), (9)

Ù¥ xi ´�S�, yi ´C������S�.

3 �¥ SST |é 500 hPa §Ý|K�
�Å�©Û(J

�©©ÛL§¥, Å�é°§]�?1 EOF ©
), ¿O�z����é§Ý|�K��¹.

L 1 �Ñé��°§|?1 EOF ©)���
1�!����)º�� (±����)º��¥
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y�êeü), �±wÑ��cü����)º�
�©O3 16.93%—26.32%, 10.91%—12.46%�m,

\È)º��«m�� 28.01%—37.34%, Ïd�
©ò:©Û��°§| EOF ©)�cü���
é 500 hPa§Ý|§Ý�K��¹.

� � � � � � � � ��� � � � �� � � � �� � � � �� � � � � � � 	� � 	
ã 2 SST |cü���é§Ý|K��Å�Cz�¹

ã 2� 62 c5°§| EOF ©)cü���é
§Ý|K��Å�Cz�¹, Ù¥ 4—6 �°�°
§|é§Ý|�K���. Ïd, ïÄ 4—6 �°�
°§é 500 hPa§Ý|�K��¹�k¿Â.

3.1 ooo���°°° SST |||cccüüü���������ééé 500 hPa
§§§ÝÝÝ|||KKK������¹¹¹

ã 3(a) ´o�°°§å²| EOF ©)�1�

��, ���²��Ü, H�²��Ü°§ p ($)

�, »�¥À�²�!H�²�HÜ!H�Ü��
°§ $ (p). �mXê3 1978 cÑy
²w�
d�� �K� =C�L§, L²3 1978 c�
c´H�²��Ü°§ p, »�¥�²�!H�
²�HÜ!H�Ü�°§ $�©Ù.; 3 1978

c��, ��²��Ü, H�²��Ü°§ü$, »
�¥À�²�!H�²�HÜ!H�Ü��°§
,p. éA�K��ê3 1983 c±c�K�, ��
�ê=���, L²3°§©Ù.u)=���,

°§|é§Ý|�K�ÅìOr.

L 1 é°§|Å�?1 EOF ©)�1�!������z

�° 1��� 1��� 1�!���oÚ

�� 22.61% 11.67% 34.28%

�� 19.73% 12.46% 32.19%

n� 18.90% 12.41% 31.31%

o� 18.86% 11.63% 30.49%

Ê� 19.03% 11.52% 30.55%

8� 17.31% 10.91% 28.22%

Ô� 16.93% 11.08% 28.01%

l� 18.20% 11.41% 29.61%

Ê� 20.20% 12.06% 32.26%

�� 25.22% 11.62% 36.84%

��� 25.70% 11.41% 37.11%

��� 26.32% 11.02% 37.34%

� � � � � � � � � � � � � � � � � � � � � � � � � � � �� � 	 �� � 	 �� � 	 
�� 	 
� 	 �� 	 �� 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � 	 �� � 	 �� � 	 ��� 	 �� 	 �� 	 � � �� � � � � � �� � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � �
�� � �� ��� � �

� � � �  � � 
ã 3 o�° SST | EOF ©)cü���é§Ý|�K��¹ (ã (a) (b) ©O´o�°§Ý| EOF ©)1�!���
A�|, Ù¥, �Ú´��, fÚ´K�; ã (c) (d) ©O´éAü�����mXê (¢�) ÚK��ê (J�). Ù¥J (¢)

��´K��ê (�mXê) ��5ª³)
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ã 3(b) ´°§å² EOF ©)�1���©Ù
., ���²�¥Ü!H�²�!H�Ü�!��
Ü�Ú<Ý�HÜ°§ p ($) �, »�¥�²�
°§ $ (p). �mXê3 1980 c±c¥yK�
 , °§©Ù.áu»�¥�²� $, ��²�
ÚH�²�°§ p, ��»�¥�²�°§ü$,

H��²�°§,p. ÙéA�K��ê3°§©
Ù.=C��dK� =C¤�� , L²1��
��°§|é§Ý|�K�UåOr.

3.2 ÊÊÊ���°°° SST |||cccüüü���������ééé 500 hPa
§§§ÝÝÝ|||KKK������¹¹¹

ã 4(a) ´Ê�°°§| EOF ©)���1�
��, �»�°§ p ($) �, H�²�¥ÜÚ�
�²�¥Ü°§ $ (p). �mXê3 1977 c�
Ñy�g²w�dK� ��� =C�L§, L
² 1977 c±c�°§©Ù.�»��²�°§ 
p, H��²�¥Ü°§ $;  1977 c±��»
��²�°§,p, H��²�¥Ü°§ü$. ù
�©Ù.é§Ý|�K��ê3 1977 c�d��
 �K� =C, L²°§©Ù.=���, °§
|é§Ý|�K�~f.

ã 4(b) ´°§ EOF ©)�1���, �»�
¥�²�°§ p ($) �, H��²�¥Ü°§ 
$ (p). �mXê3 1976 cd�� =C�K�
 , L²T°§©Ù.3 1976 c±c¥y»�¥
À�²�§Ý p!H��²�¥Ü $, ��»
�¥À�²�°§ü$!H��²�¥Ü°§,
p. éA�K��ê3 1979 cd�� =�K�
 , L²T��e, °§©Ù.u)=C�, °§|
é§Ý|�K�~f.

3.3 888���°°° SST |||cccüüü���������ééé 500 hPa
§§§ÝÝÝ|||KKK������¹¹¹

ã 5(a) ´8�°°§ EOF ©)�1���,

»�À�²�§Ý $ (p) �, ��²¥�Ü!H
�²�HÜ§Ý p ($). �mXê3 1978 c�
Ñy�g� d�=K�L§. `² 1978 c±c
»�À�²�°§ $, ��²�¥�Ü!H�²
�HÜ°§ p; 1978 c±�»�À�²�°§
,p, ��²�¥�Ü!H�²�HÜ°§ü$�
°§©Ù.. ù�°§©Ù.é§Ý|�K��ê
3 1982 cc�dK� ��� =C, `²°§
©Ù.=�±�°§|é§Ý|�K�Or.� � � � �� � � � � � � � � � � � � � � � �� � �� � � � � � � � � � � � � � � � �

�� � �� ��� � �
� � �� 	 � � 
 � � � 
 � � � 
 � � � 
  � � 
 
 � � � � � � � � �� � � �� � � �� �  � 
 � � � 
 � � � 
 � � � 
  � � 
 
 � � � � � � � � �� � � ��� � � � � �� � �
ã 4 Ê�° SST | EOF ©)cü���é§Ý|�K��¹ (Óã 3)

ã 5(b) ´1�����m|, �»�°§ 
p ($) �, ��²�¥Ü!H�²�HÜ°§ 
$ (p). �mXê�NþÅì~�, Ù�5ª³
3 1979 cd�� =C�K� , L²°§©Ù

.�»�°§ p, ��²�!H�²�HÜ°§
 $, 1979 c±�H��²�°§,p, »�¥À
�²�°§ü$. ù�°§©Ù.�=C¦1��
�e°§|é§Ý|�K�~f.
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�� � �� ��� � �

� � �� 	 � � 
 � � � 
 � � � 
 � � � 
  � � 
 
 � � � � � � � � �� � � �� � � ��� � �� � � � 
 � � � 
 � � � 
 � � � 
  � � 
 
 � � � � � � � � �� � � ��� � � � � �� � �
ã 5 8�° SST | EOF ©)cü���é§Ý|�K��¹ (Óã 3)

3.4 °°°§§§ EOF ©©©)))cccüüü���������ééé 500 hPa
§§§ÝÝÝ|||KKK������¹¹¹'''���

L 2 ´1���ØÓ°§©Ù.éA�o!
Ê!8n��°�mXêÚK��êp�é'ã,

Ù¥ “+” ÒL«T°�Ñy��¥%, “−” ÒL«
T°�ÑyK�¥%; �ÞL«�mXêÚK��
ê��müzª³, �Þ�þL«3T��e�m
Xê�5�� (°§é§Ý|K�Or)!�Þ�
eL«3T��e�mXê�5�� (°§é§Ý
|K�~f).

L 2 1���eØÓ°§©Ù.é§Ý|�K��¹

o�° Ê�° 8�°

��²� + − +

»� − + −

H�²� + − +

�mXê
�5Czª³ ↘ ↗ ↘

� =Cc° 1978 1977 1978

K��ê
�5Czª³ ↗ ↘ ↗

� =Cc° 1983 1977 1982

o�°Ú8�°¥y»�°§ $¿kÅì
,§�ª³!H��²�°§ p¿kÅìü§
�ª³, �mXê3 1978 cu)� d��K�
=C, ù�°§©Ù.�=C¦°§|é§Ý|�
K��u)=C, ©O3 1983 Ú 1982 cK��ê

dK� =C��� , Ly�K�Or; Ê�°
�ù��¹TÐ��, »�°§ p�k,§�ª
³!H��²�°§ $, �kü§�ª³, ù�
©Ù.3 1977 cu)dK� ��� �=C,

éA�K��ê3 1977 c�u)
�=, L²°
§©Ù.�=C¦°§|é§Ý|�K�~f.

L 3 1���eØÓ°§©Ù.é§Ý|�K��¹

o�° Ê�° 8�°

��²� + − −

»� − + +

H�²� + − −

�mXê
�5Czª³ ↗ ↘ ↘

� =Cc° 1980 1976 1979

K��ê
�5Czª³ ↗ ↘ ↘

� =Cc° 1980 1979 1979

L 3 ¤«1��e, o�°»�°§ $¿k
Åìü§�ª³!H��²�°§ p¿dÅì
,§�ª³, �mXê3 1980 cc�dK� =
C��� , éA�K��ê�3 1980 cdK�
 =C��� , L²°§©Ù.�=C¦°§|
é§Ý|�K��ÅìOr;Ê�°Ú8�°�ù
��¹TÐ��, »�°§ p�kü§�ª³,

H��²�°§ $�k,§�ª³, �mXê©
O3 1976 cÚ 1979 cu)� =C, ÙéA�K
��ê3 1979 c�u)� =C, L²3°§©
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Ù.u)=C��, Ùé§Ý|�K�Åì~f.

4 ( Ø

�©Äké°§å²|?1 EOF ©), |^�
X��p���pØ�������m, 3T�
m¥Ðm 500 hPa§Ýå²|, /Ï��dnØ, µ
���ØÓf��é§Ý|�K��¹. ïÄuy,

o�°, ��²�!H�²�°§ p, »�¥�
²�°§ $, d�°§é§Ý|K��f; 70 c
�", °§u)=C��H��²�°§ü$, »
�¥�²�°§,p, d�°§é§Ý|�K�U
åOr. Ê�°, ��²��Ü!H�²�°§ 
$, »��²�°§ p, d�é§Ý|K��r;

°§=C��, H��²�°§ü$, »�°§,
p, d�é§Ý|�K�~f. 8�°, ��²�!

H�²�°§ p, »��²�°§ $, d�é
§Ý|K��f; °§u)=C��, H��²�
°§ü$, »��²�°§,p, d�é§Ý|K
�Or.

nÜ5w, �°§.Ly�»��²�°§ 
$!H��²�°§ p, °§©Ù.u)=C�
�, Ùé§Ý|�K�Or; �»��²�°§
 p!H��²�°§ $, °§©Ù.u)=C
��, Ùé§Ý|�K�Åì~f. ��ù�y�
��Ï�U´du3cSºÝþo!Ê!8�°
áuSg�O, °§Cz��¯a, ¦�¦+H�
�²�þLy�ü§!»��²�O§, �du°
§©Ù.Ø��, E,Ñy�Ì��; c�SºÝ
þÔ�c�"íÿu)âC, ¦�°§©Ù.u)
=C, l¦�é§Ý|�K�u)=C.
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Abstract

In this paper, we break down sea surface temperature(SST) anomaly field by using the empirical orthogonal function (EOF) to

obtain a rebuilding space made up of different patterns which are orthogonal to each other, then we unfold 500 hPa temperature field

in this space. Furthermore, with the method of Bayesian analysis, we define the impact index of different patterns on 500 hPa air

temperature field and research the variation characteristic of index with the change of spatial pattern of SST. It is found that SST field

has a great effect on 500 hPa temperature field between April to June. Besides, after the abrupt climate change, different patterns of

SST have different effects on temperature field.

Keywords: EOF, Bayesian, SST, 500 hPa air temperature field
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