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|^r½ Lorenz �., ïÄ
	r½é Lorenz XÚ·b5�!N�(�9Ð��ý�5�K�, ¿±°L§
Ý��í$Ä�	r½, ^¢S�í°�]�©Û
	r½é�í�ý�5�K�. (Juy, XÚ·by��Ñ
y�	r½k',	r½UC
 Lorenz XÚ�$Ä5Æ, ¦�7üÛ%áÚf$Ä��Å5~�. �Ä	r½�, X
Ú$Ä;,�VÇ�Ý¼ê¥Øé¡�V¸(�, � Lorenz N�dÃ	r½����k:©l�ü�k:, k:�
 l��Ú l �©O�	r½��KÚ��k'. 	r½�~� Lorenz XÚéÐ��¯a5, JpXÚ�Ð�
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�5©Û¥��
y¢, =°§É~��, ¢S�íCþ��ý�5���.

'�c: Lorenz XÚ,	r½, Lorenz N�, �ý�5

PACS: 92.60.jf, 05.45.Ac

1 Ú ó

²; Lorenz (1963) XÚ [1] Ð«
�í$Ä
��±Ï5Ú$Ä;,éÐ��¯a5, ¤�ï
Ä�í�ý�5�~k^�êÆ�. [2−5]. 3²
; Lorenz �.¥, x-y ²¡�K�m�3ü�Û%
áÚf, XÚ$Ä3üáÚf�m�p=�, �)
�Kü©|NX, ùü�©|��NUí½íÿX
Ú�rfG� [6], XGº!üYÚ�í�6�r
f�. XÚ$Ä;,3ü©|�m�=�´�±
Ï�, �N
�íG���±ÏüC.Ã	r½�,
Lorenz XÚ3 x-y ²¡þ$Ä;,�VÇ�Ý¼
ê (PDF) ©Ù������V¸(�. Sikka � [7]

Ú Christiansen[8] �ïÄL², ¢S�í¥NõUí
íÿ¯��Cz�Ly�V¸(�, XGº�¹�
Ú�^Ï!�ºÝGºüYrf9��k'�9
�ËÜ� (ITCZ) rfÚ �©Ù!�í²6�¥
íÿCz�. ù
ó��A^ Lorenz XÚ
)�
íÄ�5�Jø
�â.

¢SUííÿ¯��rf¿Ø´�VÇu),


´²~Ñy4ày�. X*ÿÚê��[Ñuy,
GºüYÉ~�°L§ÝÉ~ (SSTA) kX­�é
X [9], ùÒ`²�í$ÄG�Ø=�ûuÐ�, �
�	r½�^k',	r½�´K��í�ý�5
�Ì��Ï��. °L§Ý (SST) r½²~´íÿ
É~ïÄ�­:, AO´9��²� SST cSCz
9��Zì - H�7Ä (ENSO) Ì�, K�Xæ³
Gº9GºüY�cSCz.

ïÄ	r½é Lorenz XÚ5��K�éí
ÿýÿ�~­�. 1994 c Palmer[10] 3²; Lorenz
(1963) �.Ä:þÚ?½~r½. ���
Æö
éTr½ Lorenz �.��m²þÚ©|1��

ïÄ [11−14], �é	r½XÛK�XÚV¸(�
Ú Lorenz N�±9XÚ��ý�5Ñvk?1ä
N©Û. Û©²� [15,16] �,ïÄ
¹pdxD(
ÚO±Ï	å°Ä� Lorenz XÚ��ý�5, �é
½~r½��ý�5ïÄ��. ©z [17—21] |^
��5Ø�O�nØ, é Lorenz XÚ�ý�5�

XÚïÄ, �vk�Ä	r½é Lorenz XÚ�ý�
5��^.
�
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Ù�ý�5�K�, �©lr½ Lorenz êÆ�.Ñ
u, Äk?Ø	r½é LorenzáÚfÚ·b5��
K�, ,�©Û	r½é Lorenz XÚV¸(��K
�, ¿|^ Lorenz N�?1)º. ��ïÄ	r½
é Lorenz XÚÐ��ý�5�K�, ¿|^¢S�
í°�]�, ©ÛØÓrÝ SSTA é�íCþ�ý
�5�K�.

2 	r½XÚ�·b5©Û

3 Lorenz (1963) �.Ä:þ, Palmer (1994) Ú
?
�Ä	r½� Lorenz �., ÙXÚ�§�:

dx

dt
= −σx + σy + Fx,

dy

dt
= −xz + rx − y + Fy, (1)

dz

dt
= xy − bz + Fz,

Ù¥ σ = 10, r = 28 Ú b = 8/3, ©O� Pr ê!Ra

ê±9�é6ºÝ�éX�ëê, Fx, Fy Ú Fz ©
O�éCþ x, y Ú z �	r½�, ���~�.

Mittal � [13] ïÄ
	r½� Fx = σF , Fy =
−F Ú Fz = 0 ��/. é�§ (1) 3dr½�/e
?1êÆ©Ûuy, � F 2 > 4b(1 − r) �, XÚ�
3n�²ï: O = (0,−F, 0) Ú P± = (x±, y±, r −
1), Ù¥ x± =

1
2

[
F ±

√
F 2 + 4b (r − 1)

]
, y± =

1
2

[
−F ±

√
F 2 + 4b (r − 1)

]
. �vk	r½�^,

= F = 0 �, r > 24.74, �§ (1) �n�²ï:�Ø
­½(:, XÚ�3Û%áÚf, Ñy·by�. �
�3	r½, = F 6= 0 �, Lorenz XÚÑy·by
�Ø
�ëê r k', ��	r½ F ���k',
ù��3�.� Fc, � |F | < Fc �, ²ï: P± Ø
­½. Fc �� σ, b Ú r k'��~ê, � σ = 10,
b = 8/3 Ú r = 28 �, Fc = 1.61.

æ^²;o� Runge-Kutta �{é�§ (1) ?
1ê�È©, È©Ú�� 0.01, Ð�� (0.1, 0.1,
0.1). ã 1 �Ñ
ØÓ��	r½e, XÚCþ x

��mCzÚ3n��m�$Ä;,. Cþ x

�� (x > 0) ½K (x < 0) L«XÚ�7ØÓ
�áÚf (P+ ½ P−) $Ä, =XÚ3ØÓ�©|
þ$Ä, �ã 1(a1)—(e1). 3n��m¥, XÚ�
7 z > 0 � x-y ²¡þ�K ��máÚf (P+

½ P−) �$Ä;,, �ã 1(a2)—(e2). �~fÐ�
K�, ±e©ÛÈ© 2000 Ú±��(J. Ã	r

½� (ã 1(c1)), Cþ x ��m�K�OCz, �
�K�m����. k	r½�, XÚ�7ü�
áÚf$Ä�VÇu)
Cz, �	r½�^�
�, = F < −Fc ½ F > Fc �, XÚ��mª�
uÙ¥��áÚf P− (ã 1(a2)) ½ P+ (ã 1(e2));
� |F | < Fc �, XÚ3Ù¥��áÚf�3��m
�é��, r½�� (K) �, XÚ�7 P+(P−)áÚ
f$Ä�VÇ�é��.

3 	r½XÚ�V¸(�©Û

Lorenz XÚkü�wÍ±Ï, �´$Ä3üÛ
%áÚf�m=�±Ï, �´�7��áÚf$Ä
���±Ï, �Ï~cö�u�ö. ��«XÚ$
ª$Ä�;,, ±e©Û$ªÈÅ�(J.
�
�«r½ Lorenz XÚ�7ü�áÚf$

Ä;,Ñy�VÇ, ã 2 �Ñ
 x-y ²¡þ$Ä;
,� PDF ©Ù. dã 2 ��, PDF ¥V¸(�, �v
k	r½� (�ã 2(b)), V¸�¸���Ä���,
'u�:é¡, `²d��7ü�áÚfXÚ$Ä
;,Ñy��U5��, ù�ã 1(c1) �(J��.
��3	r½�, duXÚáÚf �� F u)

��Cz, ¤±V¸ ��u)
�� £, d�
�²w�Cz´ü�¸���ØÓ. ù`²XÚ�
$Ä;,�õ/�7,�áÚf, $Ä��uXÚ
�,�©|. � F = −1.5 �, ��¸�Ñy3 x-y
²¡�K�m, =XÚ�7áÚf P− $Ä�VÇ
�½�mõ, 
 F = 1.5 �K��.
��\n)	r½�^é Lorenz XÚ5�

�K�, ·�O�
XÚCþ z �4�� zmax 9
Ù Lorenz N�. Lorenz XÚ�7áÚf$Ä��,
Cþ z Ò¬Ñy��4�� zmax, Lorenz N��
N
��4�� zmax(n + 1) Ú zmax(n) �m�'
X, |^dN��±3®��c4���cJe,
ý�e�g4�����. ã 3 �Ñ
ØÓ	r½
�^� Lorenz N��(J, =4�� zmax(n + 1)
� zmax(n) �N�ã, n �L zmax Ñy�^S, Ù
�� 1 � N − 1, N �3È©�mãSCþ z Ñy
�4��ogê. ã¥o:Ú[:©OL« x > 0
Ú x < 0 �¹e� Lorenz N�, �N3 x-y ²¡�
ÚK ��m¥XÚ�7áÚf P+ Ú P− $Ä.
lã 3 ��, Lorenz N��3k:, z�k:òN
�©¤�mü�©| (Xã 3(a) Ú (c)), ü©|o[
ØÓ, ù�N z Ñy4���2gÑy4���X
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ã 1 r½ Lorenz XÚCþ x ��m�CzÚ�m$Ä;, (a1) —(e1) F ©O� −3.0, −1.5, 0.0, 1.5 Ú 3.0 �Cþ x

��m�Cz; (a2)—(e2) F ©O� −3.0, −1.5, 0.0, 1.5 Ú 3.0 �XÚ��m$Ä;,
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ã 2 r½ Lorenz XÚ x-y ²¡þ$Ä;,� PDF ©Ù (a) F = −1.5; (b) F = 0.0; (c) F = 1.5

ã 3 4�� zmax � Lorenz N� (a)—(c) F ©O� −1.5, 0.0 Ú 1.5; (d)� (a)—(c) �U\

Ú´Äu)
áÚf�=£. XJ2gÑy�4
��l�>©|a�m>©|, `²$Ä;,�7
�áÚfu)
=£, ÄK2gÑy�4��E�
7XÓ�áÚf$Ä. vk	r½�^�, Lorenz

N��k��k: (�ã 3(b)), L²3ü�áÚf
±�, z Ñy4���2gÑy4����U5�
Ó, ù¿�X�7ü�áÚf$Ä;,Ñy�VÇ
�Ó. k	r½�^�, Lorenz N�dük:©l
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��mü�k: (�ã 3(a) Ú (c)). F < 0 � (�
ã 3(a)), � k:�ý©|�o:, mý©|�[
:, �L Lorenz XÚ$Ä� x > 0 Ú x < 0 ©|,
N�d�ý©|�mý©|, L«$Ä;,d�7
áÚf P+ =��7áÚf P−. 
m k:�ý
©|�[:, mý©|�o:, �LX Lorenz XÚ
$Ä� x < 0 Ú x > 0 ©|, N�d�ý©|�m
ý©|, L«$Ä;,d�7áÚf P− =��7
áÚf P+. dã 3 ��wÑ, m k:üý©|�
�ÇÑ�u� k:, ù`²3 F < 0 �, ��7
áÚf P− $Ä�, z Ñy4�����õgÑy
4��, âa�k:�mý©|, u)áÚf=£,
=�7ù�áÚf$ÄÑy�VÇ�; 
d��7
áÚf P+ $Ä�, z Ñy4���é¯Òa�m
ý©|, ù`²XÚ�7TáÚf$Ä�VÇ�.
� F > 0 �, (J�� (�ã 3(c)). lã 3(a) Ú (c)
þ���, � F ����, ÎÒ���, N��~�
q, k: �­Ü (�ã 3(d)). éØÓ���	r
½?1Ó�©Û, �uyük: l�ük: �
���� |F | ¤�', |F | ��,  l�ål���.
�
��Ù/wÑXÚ$Ä�;,, ã 3(a) ¥

�IÑ
 Lorenz N�¥4�� zmax Ñy�^S.
Xb�Ð© zmax = 35, e÷� k:N�, z 2g
Ñy4��� �� P1, P2, P3, Ù¥ P2 3dk
:��ý©|, 
 P3 KÑy3dk:�mý©|
þ, ù¿�Xl P3 m©XÚ$Ä;,u)
áÚ
f=£, =�7áÚf P+ $Äü��XÚa��
�7áÚf P− $Ä. éuÓ�� zmax, e÷m 
k:N�, dum k:éA��Ç��, ²N�
��g�� z 2gÑy4��� �� S1—S7,
Ù¥ S1—S6 �3dk:��ý©|, 
 S7 KÑ
y3dk:�mý©|, ù¿�X�7áÚf P−

$Ä8��XÚa���7áÚf P+ $Ä. ù`
²3 F < 0 �,�7áÚf P− $Ä����mâ
Uu)áÚf=£, =�7áÚf P− $Ä;,Ñ
y�VÇ��. F > 0 �, (J�Ó�©Û.

nÜ��,	r½��^¦XÚ�7Û%áÚ
f$Ä�5Æu)
Cz. Ã	r½K��, ük
:N��N�7ü�áÚf$ÄÑy�VÇ�Ó;

3	r½K�e, k:� l`²XÚ�7üá
Úf$Ä�VÇu)
Cz, Ù¥�7,áÚf$
ÄVÇ��, � |F | ��, k: l��,�7ù�

áÚf$ÄÑyVÇ���. ù�N	r½UC

�XÚ�$Ä5Æ, ¦Ù�7ü�áÚf$Ä��
Å5~�.

4 	r½XÚ�Ð��ý�5©Û

Lorenz XÚ´éÐ�¯a�XÚ, duáÚf
��3, ¦�XÚÑy·by�, K��í��ý
�5. 'u Lorenz XÚÐ�ý�5�ïÄ®ké
õó�, Ì��{k�� Lyapunov �ê [14] Ú�
�5Ø�O�nØ [17−21]. �í$ÄØ=û½u
Ð�, �É	r½�K�, AO´íÿýÿ, du
ýÿ����, 	r½��^�´ØU�À. 	r
½ Lorenz XÚ��ý�5XÛ, ´íÿýÿ'%�
SN.

Lyapunov �ê´ÏLÿþ��m¥��;�
�²þuÑ (Â ) Ç, 5Ýþ·bXÚ¥$Ä;
,éÐ��¯a5, =�í�Ð��ý�5. �
� Lyapunov �ê�N�´ý�Ø��Ï²þ�O
�Ç, Ù���, ý�XÚ��ý�5�$. Wolf O
��{ [22] ´O�õ�9$Ä5ÆØ(½XÚ�
� Lyapunov �êÊH¦^��{. ã 4(a) �Ñ

|^ Wolf �{���3	r½�^e Lorenz XÚ
�� Lyapunov �ê λmax. l(J5w, λmax � F

kO��~�. Ãr½�^�, Lorenz XÚ λmax �
�, d�Ð©Ø��N´uÐ, �ý�5�$; �Ú
\	r½�, λmax ~�, `²XÚ�Ð��ý�5
Jp, � |F | ��, λmax ��, �ý�5�Ð.

�ânØþ·bXÚØ�O���müC�
�Ú�, ¶arÚoï²� [17−21] ½Â
�ý�5
Ï� Tp, Tp �Ø����Ú�� 98%�éA��
m. �� Tp ��, ý�5Ï���, XÚ�ý�5
�Ð. ã 4(b) �Ñ
Ð©Ø� ε = 10−6 �, Lorenz
XÚ�ý�5Ï� Tp �	r½ F �Cz. Tp � F

O\k~��O�, ~�½O�ÌÝ� F k', |F |
��, Tp ~�½O���¯, =	r½�^Jp

 Lorenz XÚ�Ð��ý�5. oN5w,ÃØ´
^�� Lyapunov �ê λmax �´�ý�Ï� Tp Ñ
U��,	r½�Ú\~�
 Lorenz XÚéÐ��
¯a5, cÙ´	r½�^���, Ð��ý�5
JpÌÝ���.
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ã 4 Lorenz XÚ�� Lyapunov �ê λmax Ú�ý�Ï� Tp �	r½ F �Cz (a) �� Lyapunov �ê λmax;
(b) �ý�Ï� Tp

5 °§r½¢S�í��ý�5

°�´°Ä/¥�í$Ä�UþøAöÚN
!ì, °�e=¡Ì�ÏL9å�^5K��í,
ÏdÀ^ SST ���í�	r½Ïf. ��«	r
½��^, �â 1 �°°�Zì�ê (ONI), §´Ä
u Niño3.4 «*Ð­ï�°L§Ý (ERSST.v3b) n
��wÄ²þ��Ù 1971—2000 c�Ï²þ��
å², ò 1950—2010 c� 61 � 1 �°§å²Ur
Ý©�Êa, äNIOÚ(J�L 1. �íCþÀ

^ 850 hPa§Ý|!500 hPa��º|Ú 200 hPa 
³pÝ|, ]�5g{II[�¸ý�¥%ÚI[
�íïÄ¥% (NCEP/NCAR) Jø�ÅF2©Û]
�, �m� 1950—2010 c.

�ý�5©Ûæ^��©Û�{ [23−25]. ��
©Û�{Ò´r�íCz�oCÇ©�cSCÇ
Úg,CÇüÜ©, cöd	r½CzÚå, ½¡
�	Ü�� σ2

E; �öd�íSÜÄå�ÏÚå, ½
¡�SÜ�� σ2

I , �ö�'� R = σ2
E/σ2

I ��N
�í��ý�§Ý, R ��, d3�ý�5��, e
¡©Ûù�'�.

L 1 ONI ©aIO9(J

	r½rÝ IO (J

re ONI < −1.3 1950, 1974, 1976, 1989, 1999, 2000, 2008

fe −1.3 6 ONI 6 −0.5
1951, 1955, 1956, 1957, 1963, 1965,

1968, 1972, 1975, 1985, 1996, 2001, 2006, 2009

¥5 −0.5 < ONI 6 0.5
1952, 1953, 1954, 1957, 1959, 1960, 1961, 1962, 1967, 1970, 1979

1980, 1981, 1982, 1984, 1986, 1990, 1991, 1993, 1994, 1997, 2002, 2004

fæ 0.5 < ONI 6 1.3 1964, 1966, 1969, 1977, 1978, 1987, 1988, 1995, 2003, 2005, 2007

ræ ONI > 1.3 1958, 1973, 1983, 1992, 1998, 2010

Äk�â°§å²�ØÓrÝ, é±þn�
�íCþ� 1 �°2©Û]��Ü¤, ,�U
ì Trenberth[24] ��{, O� R. ã 5 �Ñ
9�/
« (−30◦S—30◦N) R �©Ù, l� m�^ 850 hPa
§Ý| (T850)!500 hPa ��º| (U500) Ú 200

hPa ³pÝ| (φ200) O�� R; lþ e�3r
e!fe!¥5!fæÚræc�O�� R. l
ã 5 ��, ØÓ�Cþ, R ©ÙØÓ, =éØÓ�C
þ�ý�5ØÓ. éu ³pÝ|Ú§Ý|, R �
��«8¥3»�NC, �����, AO´ ³
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pÝ|�ù«A��wÍ. éu��º|, R ��
�«ØLy3»�NC, 
©Ñ3��9�«�,
���«������, ù`²3»�NC ³p
Ý|�ý�5��, º|�ý�5��. lã 5 �
��, éuÓ�Cþ, ØÓ°§r½, R ����Ú
©Ù�k�É, ²wCzLy�°§r½é R ��
��K�, °§å²ýé���, R ���, ù`²

	r½�r, Ù�ý�5���. ù�r½ Lorenz
XÚ�nØ©Û(J��,	r½�±~f�íS
Ü�ÄåK�, Jp�ý�5. L 2 �Ñ
3�«
r½e, �¥ R �²þ�. lL 2 ��, n��íC
þ��¥ R ²þ�3rec½ræc��, 3¥5
c��, �éu°§å²r½5`, rÝ�r�c
°, ¢S�íd3��ý�5��.

ã 5 ØÓ°§rÝr½e¢S�í»�/«� R �©Ù

L 2 ØÓ	r½ÚØÓCþ��¥ R ²þ�

	r½rÝ T850 U500 φ200

re 1.5892 1.3354 1.8303

fe 1.4754 1.2464 1.6510

¥5 1.3820 1.2178 1.4865

fæ 1.4293 1.2473 1.6053

ræ 1.4759 1.3063 1.6556

6 ( Ø

�ïÄ	r½�^é�í�ýÿ5�K�, �
©|^�Ä	r½� Lorenz XÚ, ©Û
	r½
XÚ�·b5�, ïÄ
	r½éV¸(�Ú�
í�ý�5�K�, ��± SST ��í$Ä�	
r½, ^¢S�í°�]�©Û
	r½éu�
í�ý�5�K�. (JL²: Ã	r½�, Lorenz
XÚ x-y ²¡þVÇ�Ý¼ê¥�����V¸
(�; k	r½�, ¸���ØÓ, Ù��¸��
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â	r½�����uXÚ�,�©|. 	r½
¦ Lorenz N�d��k:©l�ü�, ük:� 
�'u�k: �é¡,	r½UC
� Lorenz X
Ú�$Ä5Æ, ¦Ù�7ü�áÚf$Ä��Å5
~�. 	r½~�
 Lorenz XÚéÐ��¯a5,
¦XÚ�Ð��ý�5Jp, cÙ´	r½�^�
��, �ý�5JpÌÝ���. ¢S]�O�u
y, °§å²��, =	r½�r, �íCþ��ý

�5���, l
y¢
	r½�±Jp�íÐ�
�ý�5�nØ(J.

ïÄ	r½éXÚ��ý�5K�éïÄ¢
S�í!�ª�í�ý�5ÚJp¢Sý�Y²
k­�¿Â. Lorenz �.�,�´�í$Ä�{z
�., �%U�N�í$Ä�Ä�5�. e�Úò
|^ê��ª, ÏL�Oê�Á�, ïÄ	r½é
�í�ª�ý�5�K�.
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Abstract

The influence of external forcing on chaotic character, Lorenz map structure and the predictability is studied with the Lorenz

system which has a forcing term, and the atmospheric predictability forced by sea surface temperature (SST) is also analyzed. The

chaotic attractors are related to the forcing term that changes the moving rules of system and makes randomicity of attractors reduce.

The probability distribution function of Lorenz system in the x-y plane has a bimodal structure with two clearly separated peaks. In

the absence of forcing, both peaks are equally likely. When an external forcing introduced, the probability of state moving around

two Lorenz attractors is changed, and it makes the two peaks asymmetric. It is found that the single cusp of Lorenz map obtained in

the absence of forcing splits into two cusps that represent two branches of the Lorenz attractor when the forcing is introduced. On

Lorenz map, the moving directions of two cusps and the difference between two cusps and single cusp are determined by the sign and

the magnitude of forcing term. The predictability of Lorenz system is also deeply affected by external forcing. The predictability is

increased by introducing forcing, and especially the range of increasing is larger when the absolute value of forcing term is bigger.

It is also found that the higher potential predictability is obtained by forcing with the stronger SST which causes the larger external

variance.
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