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­�då. Äu�.úz�ng,

ïÄ
íÿâC�@Ïý´&Ò. �é 20 ­V 70 c�" 80 c�Ð�íÿâC, é�I�²þ§Ý]�Ú�²�c
�S�� (PDO) �ê?1©Û, ©OO�
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¢¿ÂÚ�Æd�.
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1 Ú ó

íÿâC´�íÿl�«­½� (½­½±
YCzª³) a�ª/=C�,	�«­½��
y� [1]. íÿXÚ´��
��!ÑÑ�·bX
Ú, âC��)äké��E,5, XÛéù
â
C?1O(�£O!uÿD�ýÿ��±5Ñ´
í�Æ[�¡��­�JK [2]. í�Æ[ÊH@
�3 20 ­V 60 c�ÐÚ 70 c�" 80 c�Ð�
U�3üg­��íÿâC [3−5], Ù¥é�ö�
íÿâC@£�'�ÊH, ¿é�?1
�þ�
ïÄ [6−9], Ø�Æö�éíÿâCu)�ÏÚÅ
nÑJÑ
ØÓ)º, ��Ñ
éõk¿Â�(
Ø [11−15]. �´éù�åâC¯��cî&ÒïÄ
$�, UÄy¢¿é�(¢�3�U
ý«ù�â
C�cî&Ò, �����~���g�·K�J
Ñ5,áÚ
¯õ�í�ó�ö.

Cc5, �Æ[�uy�.úzy� (critical

slowing down) 3�«E,ÄåXÚ´Äªu�.
5/C�¡Ð«
­�då [16−18]. �.úz´Ú
OÔnÆ¥�Vg, §��´ÄåXÚd�«��
�,�«��u)=C�c, XÚªC�.:NC,

cÙ´�.:þ¬Ñyk|u#�/¤�©ÑÞ
áy�, ù«©ÑÞáØ=Ly�ÌÝ�O�, 

��Ly�Þá�±Y�m.�!6Ä�¡E�
ÇCú±9¡E�Î� �UåC��y�, ù«
�m�.�!¡E�Ç�Cú9¡EUå�C�
¡�úz [19]. 2009 c Scheffer � [16] �ÑXÚ�
©
:ªC�, �.úzy���ÄåÆ¥� 3 �
�U�@Ïý´&Ò: 6Ä�¡ECú!g�'X
êO�!��O�. ù�íÿâC�ýÿJø
�
�#g´. ©z [20] ò�.úznØ^u 2008 c
fA/�cîý´&Ò�ïÄ, ùé�\@£/�
¤?¹��ã±9Jp/�ýÿY²Ñäk­�
�y¢¿ÂÚ�Æd�.

�©ò�.úznØ^uíÿâCcî&Ò
�ïÄ, |^UNy�.úzA����Úg�
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'Xêü��½�IéO�S�?1©Û, ÏL�
�Úg�'XêO�ïÄíÿâCcî&Ò��
ÓP5, ¿&?ùü«&ÒéâCý´�k�5
Ú·^5, ?�Úu� 20 ­V 70 c�" 80 c�
Ð�íÿâC¯�´Ä�3cî&Ò. ïÄ¥Äk
^ Mann-Kendall �{éS�¥�íÿâC:� 
�?1(½.

2 ]�9�{

2.1 ]]] ���

�©¤^]��¥Ií�ÛúÙ�¥I 614

��Õ 1961—2010 cF²þ§Ý]� (O�L§
¥?n¤�²þ§Ý]�) Ú{II[°���í
+nÛ (NDAA)�ÕÚI[�¸ý�¥% (NCEP)

ú Ù � � ² � c � S � � (PDO) � ê � � ]
� (1950 c 1 �—2010 c 12 �). ¢SO�¥±
1981—2010 c��ë�íÿ�, �©*ÿ]��ë
�íÿ��å²��O�S�.

2.2 ïïïÄÄÄ���{{{

1) Mann-Kendall �{ [6,21]

Mann-Kendall (M-K) ´�«�ëêÚOu�
�{, ~^uâCuÿ.

éS�� x1, x2, · · · , xN , ½ÂÚOþ:

dk =
k∑

i=1

mi (2 6 k 6 N) (1)

L«�� xi �u xj (1 6 j 6 i) �\Oê. b½�
S��ÅÕá, dk �þ�!��©O� E[dk] = k(k − 1)/4,

var[dk] = k(k − 1)(2k + 5)/72 (2 6 k 6 N).
(2)

ò dk IOz:

u(dk) = (dk − E[dk])/
√

var[dk], (3)

ù p u(dk) �I O � � © Ù, Ù V Ç α1 =
prob(|u| > |u(dk)|) �±ÏLO�½�L¼�. �
½�wÍ5Y² α0, � α1 < α0 �, §L«dS
�ò�3��r�O�½~�ª³. ¤k u(dk)
(1 6 k 6 N) ò|¤�^­� C1, ÏL&Ýu��
�Ù´ÄkCzª³.

?
é�S�Ó�?1ù��ö�, m̄i L
«1 i ��� xi �u xj (1 6 j 6 i) �\Oê,

� i′ = N + 1 − i �, XJ m̄i = mi, K�S�
� ū(di) deª�Ñ: ū(di) = −u(di),

i′ = N + 1 − i (i, i′ = 1, 2, · · · , N),
(4)

ū(di) ^ C2 L«.

�­� C1 �L&Ý�, =L«�3²w�C
zª³�, XJ­� C1 Ú C2 ���: u&Ý�
�m, ù:B´âC:�m©.

2) ��´£ã��¥êâéþ� x̄  l§Ý
�A�þ, P� s2, s ¡�þ��, O�úª©O�

s2 =
1
n

n∑
i=1

(xi − x̄)2, (5)

s =

√√√√ 1
n

n∑
i=1

(xi − x̄)2. (6)

3) g�'Xê´£ãÓ�CþØÓ���m
�'5�ÚOþ. ò¢��Ý� j �g�'XêP
� r(j). ØÓ¢��Ý�g�'Xê�±�Ï
)
c j ���&E�Ù���Czm�éX. dd�
äd xi ýÿ xi+j ��U5. éCþ x, ¢��Ý
� j �g�'Xê�

r(j) =
1

n − j

n−j∑
i=1

(
xi − x̄

s

)(
xi+j − x̄

s

)
, (7)

s� n �Ý�mS��þ��, s d (6) ª¦Ñ.

4) � . ú z ! g � ' O � ± 9 � � O �
�'X

�Å�^�XÚ3����ëþªCuK�
? (©
:) �, �.úz  ��g�'ÚÞá
��O�y� [16,17]. Äkb½G�Cþ�3±Ï
� ∆t �É½6Ä (N\D(). 36ÄL§¥, ²ï
�£8¥Cq�ê'X, ¡E�Ý� λ. 3��{
ü�g£8�.¥, �±£ã�

yn+1 = eλ∆tyn + sεn, (8)

Ù¥ yn ´XÚG�Cþ�²ï�� lþ, εn �
ÎÜ��©Ù��Åþ (XÚxD(), s�þ��.

XJ λ Ú ∆t Ø�6u yn, dL§�{z����
g£8�. (AR(1))

yn+1 = αyn + sεn, (9)
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Ù¥, g�'Xê α = eλ∆t, éuxD(, �'Xê
ð� 0, ùD(��'Xê�C 1.

é AR(1) L§ÏL��5©Û:

var(yn+1) = E(y2
n) + (E(yn))2 =

s2

1 − α2
. (10)

��5ù, �XÚ3��.:ªC�L§¥,

�ÌÝ6Ä�¡E�Ç¬�5�ú [22,23], �XÚ
ªCu�.:�, ¡E�Ç λ òªu"�g�'
� α ªCu 1, ��ªCuÃ��. Ïd�±ò�
�Úg�'XêO���XÚªC�.:�c
î&Ò.

3 O�(J�?Ø

3.1 ������&&&ÒÒÒ

3.1.1 �I�²þ§ÝâCý´ïÄ
ã 1 ´|^�I� 1961 c 1 �� 2010 c 12

� 600 ���²þ§Ý]�ÏL���O�5Ï
éíÿâC�cî&Ò. Ù¥ã 1(a) ´ M-K �â

Cuÿ. ��S�­� C1 Ú��S�­� C2 ��
�: (1993 c) u&Ý� (ÏL 95%&Ýu�) �
m, L²Tc°m©ÑyâC. ã 1(b), (c), (d) ´U
CwÄI�9¢�Ú�, ¦S�����m�Cz,

©OL«¢� 6 ��, 3 ��, 1 ��. ã 1(b), (c),

(d) ¥­��Czª³Ä��Ó, lã¥�ÞI£
?N´wÑ, 3 1987 c�m��ÑyC��ª³.

cãnØ©Û��, �.úz��XÚS3Cz�
Çü$, XÚ3?¿���G��§�c�G��
5��q, Ïdg�'XêòªCu 1, �â (10)

ª, ��òªCuÃ¡�. �Kþ, �.úzòü$
XÚ�lÞá�Uå, l
é���)����J.

ÏdíÿXÚªC�.:�LyÑ5���O�
��.úzy��±��íÿXÚu)âC�c
î&Ò, = 1987 c�mÑy
íÿâC�cî&
Ò. dd��, íÿâC�cî&ÒÑy��m�
íÿâCu)��m�� 6 c, éíÿâC�ýÿ
äkéÐ��«�^. ÏL�I�²þ§Ý]�|
^��&Ò5ÏéíÿâC�cî&ÒäkéÐ
��15.

ã 1 �I�²þ§Ý]�� M-K uÿ9ØÓI��Ý!ØÓ¢�Ú����uÿ (a) M-K âCuÿ; (b) ��uÿ, I�
� 120, ¢�Ú�� 6; (c) ��uÿ, I�� 120, ¢�Ú�� 3; (d) ��uÿ, I�� 120, ¢�Ú�� 1
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lã 1(b), (c), (d) ��±¼�, 3I����
½�cJe, ¢�Ú�é(J­½5kK�. �±
�ß/uy, ã 1(d) ����ÅÄ��, (J­½
5Øp. �'�
óã 1(b) ����ÅÄ��, (
J­½5�Ð. Ïd, 3êâþ�½��¹e, ¢�
Ú��
k|u(J�­½5, ��BÏéíÿâ
C�cî&Ò.

3.1.2 PDO �]�âCý´ïÄ
ã 2 ´|^ PDO ��ºÝ]�ÏL��O

�ÏéíÿâC�cî&Ò. PDO �]��Ý´
l 1950 c� 1 �� 2010 c 12 �. PDO ]�3 20

­V 60 c�±9 20 ­V 70 c�" 80 c�Ð�
3ügâC [24,25]. ã 2(a) ´ M-K �{�âCu
ÿ, ��S�­� C1 Ú��S�­� C2 ���:
 u&Ý� (ÏL 95%&Ýu�) �m, ù:B´â
C:�m©. uÿ(JL²3 1966 c�m (�ÞI
£) íÿXÚ�3�gâC.

��5¿�´, ã 2(a) ¥ M-K é 20 ­V 70 c
�" 80 c�Ð�âCuÿ�J¿Ø²w, Ïd|
^wÄ£ØCq� [11,26] é�?1âCuÿ (ã 3),

uÿ(JL² 1980 c�m PDO �ê�3�gâ
C. �ã 1 �q, ã 2(b), (c), (d) �éØÓI�!
¢�ØÓÚ��������m©Ùã, �N­
�Czª³Ä��Ó, ¥y²w�c�SCz, ã
¥ 1960, 1976 c�m¥yü�²w���O��
&Ò. dcnØ©Û��, XÚ��O�L²XÚ
ªC�.:, ý«íÿXÚ�Uu)âC. lã 2

¥íÿâC�cî&ÒÑy��m����Ó¿
éâC�mkXéÐ ��«L², |^T�{
�ä PDO ]�íÿâC�5�, ¿��cî&Ò
äk�½��15. é 1966 c�âC, cî&Ò
�@uâCu)� 6 c; 1980 c�m�âC, c
î&Ò@uâCu)� 4 c. dd����O�
������cî&ÒéâC¯��u)kX
�Ð��«�^. Ó��±uy, I���±9¢
�Ú�Ñé(J­½5k�½�K�. ã 2(b) ¥�
� � Å Ä � �, ( J �­½ 5 Ø p. 
 ã 2(c)

����ÅÄ��, (J­½5�Ð. Ïd, 3ê
âþ�½��¹e, I��Ý�
!¢�Ú��

k|u(J�­½5, ��BÏéíÿâC�
cî&Ò.

ã 2 PDO ]�� M-K uÿ9ØÓI��Ý!ØÓ¢�Ú����uÿ (a) M-K âCuÿ; (b) ��uÿ, I�� 120, ¢�
Ú�� 3; (c) ��uÿ, I�� 180, ¢�Ú�� 3; (d) ��uÿ, I�� 240, ¢�Ú�� 1
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ã 3 PDO ]��wÄ£ØCq�âCuÿ

dc©Û��, ÏL���O�5Ïéíÿâ
C�cî&Ò, �JwÍ. ØÓ]�!ØÓ«�â

C�mk�É, �´cî&Ò�íÿâCu)��
mÄ�ÎÜ, äkéÐ��«�^. éuêâþ�
½��¹e, ��
óO�I���, ÚO��ê
�õ, (JÒ�­½; ��, I���, ÚO��ê
��, O�(J¬C�Ø­½.

3.2 ggg���'''&&&ÒÒÒ

3.2.1 �I�²þ§ÝâCý´ïÄ
ã 4 ´|^�I�²þ§Ý]�ÏLg�'

Xê�O�ÏéíÿâC�cî&Ò. ã 4 ¥�¢
�Ú����&Òp¡�¢�ØÓ. éu��¢�
´�½I���wÄ�½m�¦#S����, ù
p�¢�´��,��S�, ^���S��c¡
�S�¦�', �Ò´g��¢��'.

ã 4 ØÓI��ÝÚ¢�Ú����I�²þ§Ý]��g�'Xêuÿ

dã 1 �±��, �I�²þ§Ý3 1993 c
�m�3�gâC. ã 4(a) Ú (b) ¥�ÞI£?g
�'Xêm©O�, dc©Û��, �.úz��
XÚS3Cz�Çü$, XÚ3?¿���G��

Ù�c�G��5��q, Ïdg�'XêòªC
u 1. ¤±íÿXÚªC�.:�, ��O�!g
�'XêO���.úzy�L²íÿXÚ=ò
u)âC. Ïd�±@�cî&ÒÑy3 1984 c
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�m. ù�cî&Ò�âCu)��m�� 9 c,

ù��&Ò�«�^Ø@o²w
. éN´uy
ã 4(a) Ú (b) �(JØ­½, ÅÄé²w, ùéuc
î&Ò�ÏéK���. éuXÛEOÑy��&
Ò, ©¥æ^À�ØÓ�I�!ØÓ�¢�Ú�,

u�&Ò�3�¹. íÿâC�cî&ÒØ¬Ï�
I��ØÓ
��, I��¬K�(J�­½5.

ÏLã 4(c) Ú (d) Ó��±uycî&Ò, �ÞI
£� �� 1987 c�m, ù�âCu)�m��
= 6 c. ã 4(c) Ú (d) �cî&Ò�ã 4(a) Ú (b)

��«�^Ð. ù��`²3êâ�Ý�½��¹
e, I���, (J�­½.

3.2.2 PDO �]�âCý´ïÄ
lc¡�©Û��, PDO ]�3 20 ­V 60 c

�ÐÚ 70 c�" 80 c�Ðu)LügâC (eæ
� �=C). dã 5 �±ÏLg�'Xêuÿé
ÑùügâC�cî&Ò, ã 5 ¥�¢�Ú��¿
ÂÓã 4. ã 5(a) w« 1960 cÚ 1976 c�m (�
ÞI£) �3ügg�'Xê�O�, �âXÚª
C�.:�LyÑ5���O�!g�'XêO

���.úzy��±��íÿXÚu)âC�
cî&Ò�nØ, �±@�ù´ PDO ]�� 20 ­
V 60 c�ÐÚ 70 c�" 80 c�ÐügíÿâC
�cî&Ò. ��aq, éuØÓ�I�, ØÓ�¢
�Ú�, ã 5(b) (1960 cÚ 1977 c�m)!(c) (1955

cÚ 1977 c�m)!(d) (1955 cÚ 1977 c�m) Ñ
UÏLg�'XêO�
éÑügâC�cî&
Ò. Ó�À�ØÓ�I�!ØÓ�¢�Ú�5EO
&Ò�ý�. �,�éØÓ�I�!ØÓ�¢�Ú
����(Jk�½��É, ØLéuâCuÿE
k�½�«¿Â. ùL²g�'Xê�½§ÝþU

��íÿâC�cî&Ò.

nþ¤ã, ���&Ò�', g�'&Ò�Å
Ä5�; Ó��±ÏLg�'Xê�O�5éí
ÿâC�cî&Ò, �JwÍ; cî&ÒÑy��
m�íÿâCu)��mÄ�ÎÜ; g�'&ÒÓ
�ÉO�I����K�; g�'&Ò�­½5Ó
���¢��Ú�k'X; ��
ó, I�¦þ�
�:, ¢�Ú�A�âI���·�N�; ��
&ÒÚg�'&Ò�k`�, AT�â]�·�
ÀJ.

ã 5 ØÓI��ÝÚ¢�Ú��� PDO ]��g�'Xêuÿ
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3.3 III������������¢¢¢���ÚÚÚ���ééé(((JJJ­­­½½½555���
KKK���

lc¡�©Û��, I���±9¢�Ú�é
(J­½5kK�. �é��&Ò, I���:, (
J­½5�Ð. ùp±�I�²þ§Ý]��g�
'Xê�~, ?�Ú&?I���±9¢�Ú�é
(J­½5�K�.

ã 6 �N�´I���é(J­½5. é'

©Ûã 6(a), (b), (c) N´uy, ã 6(b), (c) �ÅÄé
�, 
�Ñyéõg�'XêO��&Ò, ã 6(a)

�(J��­½. �ó�, éuêâþ�½��¹
e, I���, (J�­½. ©z [26—28] �kaq
�(Ø. lã 6(a) ¥� 6 �ã�U��, éuÓ
�I�ØÓ¢�Ú�é(J�kK�, �Ü©&
ÒÑy3 1986 c�m, ù�c¡�©Û��. �
I�Ïé�`)�, I�ÀJÜ·�I�Ú¢�
Ú�.

ã 6 �I�²þ§Ý]��ØÓI���!ØÓ¢�Ú��g�'Xêuÿ (a) I���� 120; (b) I���� 60; (c) I
���� 36

4 ( Ø

E,ÄåXÚu)âu5/Cc*	���
.úzy��U´I�/Cu)�@Ïý´&
Ò. òUNy�.úzy����Úg�'Xê^
u PDO �êÚ§Ýcî*ÿ]��ïÄ, Ø=U
\�écî*ÿ]�ÅÄ&E�@£, 
�éÉ~
��5��ä�Jø
#��{.

�©3©Û
�.úzy��ÔnÄ:ÚÚ
OÆ¿Â�, Äu 20 ­V 60 c�ÐÚ 70 c�
" 80 c�Ð�ügíÿâC, é PDO ]�Ú�I
�²þ§Ý]��âCý´&Ò?1ïÄ. (J
L², 3ÚO��ê�½��¹e, ÀJØÓ�I
�!ØÓ�¢�Ú�éO�(J�­½5kK�,

��
ó, I����:k|u(J�­½5. Ï

d, �O(�	*ÿ]�´ÄÑyúzy�, �â
*ÿ]��3��UK�Ï�, Ün/ÀJI�Ú
¢�Ú��±JpO�(J��þ.

é PDO ]�Ú�I�²þ§Ý*ÿ]��Ø
c�S�Czª³�, �	S����Úg�'X
ê, ?
éíÿâCu)c��.úzy�?1

£�5u�. (JL²,ÃØ´ PDO ]��´�I
�²þ§Ý]�, 3íÿâCu)cÑy
ØÓ§
Ý���Úg�'XêO��y�, ùL²�.ú
zy��±��íÿâC�cî&Ò. ¦+ÀJ�
ØÓ�*ÿ]�þÑy
úzy�, �úzy�Ñ
y��m¿Ø����. oN
ó, PDO �ê]�
�uÿ(J'�I�²þ§Ý]��uÿ(J`
�; ��&ÒÚg�'&Ò�k`�, AT�â]
�·�ÀJ. ¦+�ïÄ´éíÿâCcî&Ò�
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ÐÚïÄ, �(Jw«, �.úzy�éJpcî
*ÿ]��@£!�äÉ~´Äªu�.�ã±
9Jp/CýÿY²Jø
�U. ò�.úznØ
Ú\íÿâCcî&Ò�ïÄ, é�\@£íÿâ
CÚÏéíÿâCcî&ÒÑäk­��y¢¿
ÂÚ�Æd�.

I��Ñ�´, ¦+é PDO ]�Ú�I�²

þ§Ý]��ïÄL²�.úzy����Äå
Æ���O�!g�'XêO��U´íÿâC
u)c���cî&Ò. �duE´ÐÚïÄ, é
íÿâCu)c�.úzy�Ñy��m��!
�.úzy��íÿâCrÝ�m�'X!ØÓ
«��ØÓK�Ïf��¹e�.úz�A��
¯KE,I�?�ÚïÄ.
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Abstract

In recent years, critical slowing down phenomenon has shown great potentials in the area of disclosing whether complex dynamic

system tends to critical cataclysm. Based on the concepts of critical slowing down, the observed data of pacific decadal oscillation

(PDO) index and the national average monthly temperature are processed in this article to study the precursory signals of abrupt climate

change. Take the abrupt climate change in a period from the late1970s to the early 1980s for example, the variances and autocorrelation

coefficients which can characterize critical slowing down are calculated separately. The results show that the PDO index and the

national average monthly temperature both have obviously a critical slowing down phenomenon before the abrupt climate change

takes place, which indicates that critical slowing down phenomenon is a possible early warning signal for abrupt climate change. The

introduction of critical slowing down theory into abrupt climate change precursory signals and study on it have practical significance

and important scientific value for thoroughly understanding the abrupt climate change and for catching the precursory signals of abrupt

climate change.
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