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�«��'3ØÓc���^rf, =��'c�
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lõ«��'�Ü�^�

�ÝïÄÙ�íÿâC��UéX.

2 ]�Ú�{

2.1 ]]]���

pÝ|]�5
 [22] ´ NCEP2©Û�:Å

�]� (500 hPa),©EÇ� 5◦ × 5◦, ÷��k 72

��:, ÷²�k 36 ��:, �O 2592��:,

z��:� 1966—2005c�S� Hi(j), j = 480;

i = 2592. �Ä�6XÚ¥��«��'�3ÁG

�é�­½, Ó��
�Ø�pÝ|]�¥�¹�

G!��&Ò�,·�Ì�©Û 12 � —2 ��p

Ý|]� Hi(j), j = 120.

2.2 ïïïÄÄÄ���{{{

E,�änØ´òE,XÚ{z�:±9ë

(:��ã�8Ü. :�LXÚ�Ä�ü�, ¡�

!:; �ã�L!:�m��p�^, ¡�>. ùé

�U´�«Ü·�!84���Ä�, U
k��

�xE,XÚSÜ�(�A�, ¿�®²��
�


Rk¤��¤J [23−26]. �©Áãé 500 hPaÄ

u�:m�'é�^�ï�6XÚ�E,�ä. Ì

�g�Xe.

é�©êâ�IOz?n,

H ′

i(j) =
Hi(j) − 〈Hi〉

σi

, (1)

Ù¥ 〈Hi〉 L«²þ�, σi =
√

〈H2
i 〉 − 〈Hi〉2. ?¿

ü�:S��m�'éXê Cik �
[27]

Cik =
1

120

120
∑

j=1

H ′

i(j)H
′

k(j),

(i = 1, · · · , 2592; k = i, · · · , 2592), (2)

Cik ���� −1 6 Cik 6 1, Cik = 1 L«���

�', Cik = −1 L«��K�', Cik = 0 L«Ø

�'. �:���6XÚ'é�ä¥�!:, Ïd

üüO�'éXê���±k 2592(2592− 1)/2 é

|Ü, = 2592(2592− 1)/2 �'éXê Cik. aq�

§Ý'é�ä�ïÄ [19,28], �6XÚ'é�ä�

ï�Ì�g�´±�m�:�!:, XJ�:m�

'éXê�u 0.5 K@�!:m�3ë>. !:Ú

>�(½, 500 hPapÝ|SÜ�nE,�'é�

^ÒÄ�¤��;.�E,�ä.

»��$�Ý«�z��:�L��m«�

wÍpu4/NC�p�Ý«��:��¹, 3�

ï�ä2yÙ�m(�A��Ó�, ·�æ^\�

­��{5O��m�:�º:Ý. X�!: i ë

���:�ê� S, z��:��Ý� λj, K i �

º:Ý ki O�úª�

ki =

S
∑

j=1

cos λj

/

2592
∑

j=1

cosλj, (3)

d (3) ª��, º:Ý��L²T!:3XÚ¥�

�^�r, ��K��.

3 ��¥¥p�Ý�6XÚc�Sº

Ý�m(�A�

ã 1 � Ñ 
 o � Ø Ó � Ï � � ¥ ¥ p

�Ý (27.5◦N—90◦N) � 6 f X Ú ��ä º :

Ý © Ù. l ã ¥ � ± w Ñ � 4 7 Ä (AO)!
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� ² � � { � � ' (PNA)! � � Ü � 7

Ä (NAO)! î æ �Ü� . � � ' (EUPA)!Ü

� ² � 7 Ä (WP) � � � ' � � m © Ù ..

,�«�º:Ý�����Ny
T«�éÙ

¦/«�^�rf, Ïd�«��'3c�Sº

Ýþ��^rf´��mCz�, =��¥¥p�

Ý�6XÚ¥7,�3�«��'�^rf�c

�SA�. Ïd, 1966—1975c NAO, WP, AO��

�'��^ f, PNA ��^ r; 1976—1885c

K WP Ú NAO ��^²wOr. d	, 1982—1991

c PNA, NAO Ú WP ��^�é r; 1992—2001

cK PNA, NAO Ú WP ��^wÍ~f. ���Ñ

�´ 1970c�¥�ÏÚ 1990c�ÐÏþéAk

íÿâC¯� [29−31], ��'�^�N��U�í

ÿâCk�½�éX. e¡·�?�Úlü��¡

)º��'N��íÿâC��UéX:1) �^¥

%c�SºÝ�£ÄA�; 2) ��'�^�rfC

z, =ØÓ�ãåÌ��^���'´Cz�.
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ã 1 ��¥¥p�Ý�6fXÚ�äº:Ý©Ù (a)—(d)©O� 1966—1975, 1976—1985, 1982—1991, 1992—2001co�c

�SºÝ��¥¥p�Ý�6fXÚº:Ý�m©Ù

4 ��¥¥p�Ý�6XÚ��'�

c�SN�

4.1 ������'''���^̂̂¥¥¥%%%���£££ÄÄÄ

ã 2 �Ñ
 EUPA(î³ – æ³ – �²� – �Ü

�.��') ��'Ì��^«�÷ 0◦W—60◦W

�º:Ý��²þ���m�Czã�. �±wÑ,

c�SºÝþ EUPA ��'��^¥%�3wÍ

�H����£ÄA�. �NLy� 1976c±c,

 u 20◦W—40◦W NC�¥%�£; 1977—1985

cÏm H�¥%�é­½; 1986c±�¥%q

��£Ä. é EUPA ��'�Ù¦n�Ì��^«

��aqO�, o��^¥%�£ÄA�3�mþ

���. �âã 2 ¥ EUPA �^¥%�£ÄA�,

ã 3 ©O�Ñ
n��ã EUPA �Ì��m�. 3

��ã��ÄO:þÀ�
�^¥%º:Ý��

�¤3� �. w,, EUPA �âÙ�^¥%��

m ����±©¤naÌ��� (ã 3): 1960c

�� 1970c�Ð, ¥m., �3 5 �r�wÍ'é
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«�; 1970c�¥Ï� 80 c�Ð,Ü�., 3�Ü

�!î³�ºÚæ³�º�3n�wÍ'é«�;

1980c�Ðm©Ð� 1980c�", ÀH., �3o

�wÍ'é«�, 
 1990c�±5, KqC¤
Ü

�.� EUPA.
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ã 2 EUPA��'Ì��^«�÷ 0◦W—60◦W �º:Ý��

²þ���m�Czã�

(a) (b)

(c)

ã 3 EUPA . � n « Ì � � m � � (a)1967—1976c

± (60N, 25W)�Ä:; (b)1975—1984c± (70◦N, 10◦W) �

Ä:; (c)1981—1990c± (55◦N, 50◦W)�Ä:

ã 4 � NAO(��Ü�7Ä) Ì��^«�

÷ 60◦N—65◦N �º:Ý²�²þ���m�C

zã�. lã 4 �±wÑ, 1966c±5, NAO ��

'3 60◦N NC�¥%k�½�À£A�, ¿�

3 1970c��Ï� 1980c�¥Ïù�¥%��

^�r; 1986c±�, �^¥%k¤Ü£. �âã 4

¥ NAO �^¥%�£ÄA�, ã 5 ©O�Ñ
n

��ã NAO �Ì��m�: 1960c�� 70 c�

¥Ï� À. (ã 5(a)), NAO �ü��^¥%þ

 À, d�3F�Úæ³�º�m�3��wÍ

'é«�; 1970c��Ï� 1980c�¥Ï�¥m

. (ã 5(b)), d� u�)=Ú��Ü��ü�«

��'érÝÚ��þ'��, �Ø�3F�NC

�'é«; 1990c�� Ü. (ã 5(c)), ü��^

¥%þwÍ Ü, ü�¥%��^rÝÚ���¥

m.��
, F�NC�'é«��3� H. d

d�±íä, ¥m.� NAO �r, �Ø�¹F�N

C�'é«�,  À.½ Ü. NAO �^�é�

f, �¹F�NC�'é«�.
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ã 4 NAO Ì��^«�÷ 60◦N—65◦N �º:Ý²�²þ�

��m�Czã�

(a) (b)

(c)

ã 5 NAO .�n«Ì��m�� (a) 1967—1976c± (60◦N,

55◦W) �Ä:; (b) 1977—1986c± (60◦N, 50◦W) �Ä:; (c)

1991–2000c± (60◦N, 20◦W)�Ä:

ã 6 �Ñ
 WP(Ü�²�7Ä) Ì��^«�

÷ 65◦N–75◦N �º:Ý²�²þ���mCz�
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ã�. w,, u 70◦N NC�¥% 1975cc�3

wÍ�Ü£A�, 
 1985c±�K=�À£. ã 7

¥n��Ï WP �Ì����±wÑ, 1970c��

 Ü. WP(ã 7(a))�Ì���� 1970c�"Ï

� 1980c�ÐÏ� À. WP(ã 7(b)) �Ì��

���m©ÙA�Ä�aq, �'é��m�� 

Ü.Ñ��
. 1980c�"Ï±5, ��^¥%À

£� 160◦E ±À�, d�± (72.5◦ N, 170◦E)�Ä:

���Ì�LyÑ AO .�A� (ã 7(c)).
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ã 6 WPÌ��^«�÷ 65◦N—75◦N �º:Ý²�²þ��

�mCz�ã�

(a) (b)

(c)

ã 7 WP .�n«Ì��m�� (a)1973—1982c± (70◦N,

150◦E) �Ä :; (b)1977—1986c ± (65◦N, 130◦E) �Ä :;

(c)1986—1995c± (72.5◦N, 170◦E)�Ä:

ã 8 � Ñ 
 AO(� 4 7 Ä) Ì � � ^ « �

÷ 72.5◦N—82.5◦N º:Ý²�²þ���m�

Czã�. ÙwÍA�´, 1983c±c4«�^¥

%��^rÝ�f; 1983c±�, ù�¥%��^

wÍOr, ��^¥%�é­½. ã 9 �Ñ
ü�

�Ï AO �Ì���, �±wÑ,ÃØ´ 1980c�

�´ 1990c�, AO ��^¥%÷��k¤£Ä,

ü��Ï©O± (75◦N, 150◦W) Ú (80◦N, 160◦E)

�Ä:����m©Ù.´aq, �ØLcö��

^«����
. �dÓ�, 1960c�� 1980c�

ÐÏ, AO ��^K'�f, ��ØwÍ.
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1970

1980

1990
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ã 8 AO Ì��^«�÷ 72.5◦N—82.5◦N º:Ý²�²þ�

��m�Czã�

(a) (b)

ã 9 AO .�ü«Ì��m�� (a)1988—1997c± (75◦N,

150◦W)�Ä:; (b) 1992—2001c± (80◦N, 160◦E)�Ä:

w,, ��'c�SºÝCz�A���Ò´

Ù�^¥%�£Ä, ���Ï´��'�m�3�

p�^�«�u)Cz; ¿Â3u¥p�Ý�6

XÚåÌ��^�'�«�u)Cz, KíÿCz

&ÒiÿÚuÿ�­:«��AT�Ñ�A�N

�. L 1 �Ñ
ØÓ�ã�«��'�Ì����

¹. w,, 1970c�¥�ÏÚ 1990c�ÐÏ EUPA,

NAO,WP Ú AO �^¥%þkwÍN�, õ«��

'�^¥%�N��U´ 1970c�Ú 1990c�

íÿâC�­�Ly/ª��. d	, PNA .��

��m©ÙK�é­½, �^¥%£Ä�A��f,

ù�Ny
Ù3��¥¥p�ÝXÚ¥´�«�
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éÕá���. �!��Ì, vk�Ñ PNA �m�

�9ÙCz�ã/.

L 1 ØÓ�ã�«��'�Ì���

�ã a. Ä:�I��

EUPA

1966—1973 ¥m. (60◦N, 25◦E)

1974—1980 Ü�. (70◦N, 10◦E)

1981—1989 ÀH. (55◦N, 50◦E)

1990—1995 Ü�. (70◦N, 10◦E)

NAO
1966—1976  Ü. (60◦N, 55◦W)

1976—1983 ¥m. (60◦N, 50◦W)

1984—1995  À. (60◦N, 20◦W)

WP
1966-1975  À. (70◦N, 150◦E)

1976—1982  Ü. (65◦N, 130◦E)

1983—1995 LÞ. (72.5◦N, 170◦E)

AO
1976—1983 f�'. —

1984—1987  Ü. (75◦N, 150◦W)

1988—1995  À. (80◦ N, 160◦E)

4.2 ������'''���^̂̂���rrrfffCCCzzz

þ�!©Û
��¥¥p�Ý�6XÚ¥�

«��'�^¥%�£ÄA�, e¡·�?�Úl

��'�^rÝ��Ý©ÛÙc�SN��¹. �

«��'�½Â, Wallace�®²uÐ
��¤Ù

��{, =ÏLO�Ä:�míØ���?1½Â,

ù«½Â�±Ny��'&Ò�rf. ���5¿

�´, ��'&Òrf���'3�6XÚ¥�^

�rf¿Ø´�Ó�, Ïd·�lº:Ý��Ý½

Â��'�^�ê, ±½þ£ã��'3íÿXÚ

¥�^rf��müzA�. w,, �©ÛÙrÝ,

7,Äk�Ñ�^rÝ�²(½Â. ùp��^r

ÝØÓuDÚ¿Âþ�&Òrf, �^rÝÌ��

NT��'3�6XÚ�^�rf, =Ny
�Ù

¦«�m'é�rf. c¡©ÛL², ��'�^

�r�¥%3ØÓ��ãu)
£Ä, XJÏLO

�,�Ä:º:Ý���5½Â��'�^�ê,

7,J±O(/Ny��'�^�rfCzA�.

Ïd, d 1971—2000c���¥¥p�Ý�6X

Ú�äº:Ý��m©Ù, ©Û��'Ì��^¥

%��m�I, ,�(½��U
ºX�Ü©�^

¥%Ñy ��«�, �â (4)—(8) ªO�ù�«

�Sº:Ý�²þ�?1½Â. ÏLù«�{, �

±�Ñ�^¥%£Ä�U�5� �¯K. (4)—(8)

ªK�Ñ
Ê«��'�^�ê�O�úª:

IPNA(t) =
1

3
[k1(t)(45◦—55◦N,170◦W—150◦W)

+ k2(t)(55◦N—65◦N,130◦W—95◦W)

+ k3(t)(30◦N—35◦N,90◦W—80◦W)], (4)

IEUPA(t) =
1

4
[k1(t)(60◦—70◦N,0◦E—60◦E)

+ k2(t)(40◦N—55◦N,55◦E—100◦E)

+ k3(t)(40◦N—45◦N,120◦E—130◦E)

+ k4(t)(50◦N—55◦N,40◦W—20◦W)], (5)

INAO(t) =
1

3
[k1(t)(60◦—65◦N,55◦W—5◦W)

+ k2(t)(30◦N—37.5◦N,60◦W—20◦W)

+ k3(t)(37.5◦N—40◦N,30◦W—15◦W)], (6)

IAO(t) =k1(t)(75◦—80◦N,130◦E—160◦W), (7)

IWP(t) =
1

2
[k1(t)(60◦N—75◦N,130◦E—155◦E)

+ k2(t)(35◦N—40◦N,150◦E—180◦E)], (8)

Ù¥ ks(t) L« s «�S¤kÄ:º:Ý�²þ

�, eL�)ÒS�Ñ
À½«��²�Ý��.

g 1966cå©, �I�°Ý� 10a,wÄÚ�� 1a,

©OO���'�^�ê, ù�·�����'�

^ 1971—2000c 30 c��êS�. L 2 �Ñ
�

êS��ÚOA��: PNA Ú NAO �þ���, Ï

dùü«.�^�²þ�J�r; NAO �IO �

��, `²Ù�^rf�c�SºÝÅÄ��; AO

�þ���, c�SºÝþ AO ��^�²þ�J

�é�f.

L 2 Ê«��'�^�ê�ÚO�

a. þ� IO � ���/��

PNA 0.074 0.016 0.048/0.105

EUPA 0.064 0.004 0.055/0.074

NAO 0.074 0.020 0.044/0.112

WP 0.072 0.012 0.045/0.093

AO 0.037 0.013 0.018/0.061
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Analysis of decadal characteristics of leading
teleconnections based on complex networks theory∗
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Abstract

We construct a complex network of the middle latitude circulation system of north hemisphere (NCNH). The decadal characteristic

of leading teleconnection and its probable correlation with abrupt climate change are analyzed base on the circulationsystem network.

Results show that (1) action centres of NAO, EUPA and WP have all moved during different periods in the recent 40 years and there

has been a common abrupt change process as the end of the 1970sand beginning of the 1990s separately; (2) the new index which

denotes the importance of teleconnection is defined using the node degree of NCNH. The temporal change of new index shows that

the leading modes were PNA, EUPA and WP before the 1980s; index of NAO notably increased and all the five teleconnections were

comparatively robust after 1980s; the index of AO notably increased and other modes comparatively decreased after 1987. So, center

and index changes of decadal leading teleconnections may beanother important phenomenon of abrupt climate change.

Keywords: complex networks, teleconnections, decadal leading teleconnections, abrupt climate change
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