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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ÂµÜ�ê ¥� ù¢�Ôµ¨� �� ´Èð¥�� ¢�¡ ü±Êä ý�û�Ø±ª ý�Â� ü���Ç�� ��¢�ãõ�µê�þ Ý�Þã� ßÞó�î¥�¢Â� ü��� Ý��¤ ,üÚ÷�Úþ �®¤ ÀÞ½õ¥��û� ö�ÂÞ� À�úª ù�ÚÈ÷�¢ ,¤�õ� ùøÂð�� ö���üõ �¤ �þ�� ý�ûÝµÆ�¨ ß��»Þû ø ü÷�õ¥ ýÂ¨ üÎ¡ Â�è ø üÎ¡ ý�ûñÀõ ¥� ý¤��Æ�´ó�� ý�Ìê ý�ûñÀõ ý�Â� ¢���õ ý�û¤���� ¥� ø ¢�¢ Çþ�Þ÷ ´ó�� ý�Ìê ñÀõ ×þ �¤�¬Â� ü�µ±õ ü÷�õ¥ ýÂ¨ ý�ûñÀõ ý�Â� ´ó�� ý�Ìê Çþ�Þ÷ ¥� ö���üõ �ÜÞ� ¥� .¢Âî ù¢�Ôµ¨�üðÄþø ß�Þû ¥� ù¢�Ôµ¨� �� .¢Âî ù¢�Ôµ¨� ´Èð¥��¢�¡ ü±Êä ý�û�Ø±ª �þ ü±Êä ý�û�Ø±ªß��� °þ�Â® ¢¤ø�Â� ý�Â� ßÞó�î ÂµÜ�ê ø ´ó�� ý�Ìê Çþ�Þ÷ Â� ü�µ±õ üÔÜµ¿õ ý�û©ø¤ù¢�Ôµ¨� �� �û ñÀõ ßþ� ¤¢ ü���Ç�� �ÜÿÆõ �� ¢��ø ßþ� �� .´¨� ùÀª ���¤� â���õ ¤¢ üþ�ûñÀõý�ûñÀõ °ó�ì ¤¢ ´Èð¥��¢�¡ ü±Êä ý�û�Ø±ª �ó�Öõ ßþ� ¤¢ .ùÀª ���� ÂµÞî ßÞó�î ÂµÜ�ê ¥�ýÀþÀ� ©ø¤ �µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê ¥� ù¢�Ôµ¨� �� ø �µêÂð ¤�Âì ü¨¤Â� ¢¤�õ ´ó�� ý�Ìê.Àª Àû��¡ ���¤� �ûñÀõ ßþ� ¤¢ ü���Ç�� ý�Â�ßÞó�î ÂµÜ�ê ,´ó�� ý�Ìê ñÀõ ,ü±Êä ý�û�Ø±ª ,ü÷�õ¥ ý�ûýÂ¨ :ýÀ�Üî ý�ûù��ø.ü���Ç�� ,�µê�þ Ý�Þã�
�õÀÖõ 1�� Â�¡� ý�ûñ�¨ ¤¢ .À÷�ù¢�� ���� ¢¤�õ ¤��Æ� ,üð¢�¨ Û�ó¢ �� ,üÎ¡ ü÷�õ¥ ýÂ¨ ý�ûñÀõ´Þ¨ �� üþ�ûÇþ�Âð ,üÎ¡ Â�è ý�ûÀ�þ�Âê ü���Ç�� ø ����� ¤¢ �ûñÀõ ßþ� Óã® Û�ó¢ö���ä �� ü±Êä �Ø±ª ý�ûñÀõ ,80 �û¢ Â¡�ø� ¥� .Àõ� ¢��ø �� üÎ¡ Â�è ý�ûñÀõ ßµê�þÂ���è ü�÷��õ¥ ý��ûýÂ�̈ ü������Ç���� ø ý¥��̈ ñÀ�õ ý�Â�� ,ü�Î�¡ Â���è ö����̈ Â�ð¤ ý��û©ø¤ ¥� ü�Ø�þÂ�è â���� ¥� ý¤��Æ� ö¢¥ °þÂÖ� ¤¢ üþ�÷��� Û�ó¢ �� �ûñÀõ ßþ� .À�µêÂð ¤�Âì ���� ¢¤�õ üÎ¡ý¢�Êµì� ü÷�õ¥ ý�ûýÂ¨ ý¥�¨ñÀõ ¤¢ üã�¨ø ¤�Ï �� ,ù¢�Ôµ¨� ¤¢ ´ó�ú¨ ß��»Þû ø üÎ¡.(2000 ×þ¢öø ø ÅÆ÷�Âê) À÷�ùÀ÷¢Âî �À�� ¢Â�¤�î584
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢(1961) üÆî�� ø ßÞó�î ø (1960) 1ßÞó�î Í¨�� ¤�� ß�óø� ´ó�� ý�Ìê ý�ûñÀõý�þ�� ý�ûÝµÆ�¨ ýÀ��ñ�õÂê ý�Â� üÜî ¤�µ¡�¨ ×þ ´Ö�Ö� ¤¢ �ûñÀõ ßþ� .À÷Àª üêÂãõ�î À�îüõ ¢�¹þ� �¤ ö�Øõ� ßþ� ´ó�� ý�Ìê Çþ�Þ÷ ¥� ù¢�Ôµ¨� .À�µÆû üÎ¡ Â�è �þ üÎ¡������È���� Û�·�õ ü�þ��û©ø¤ ¥� ù¢��Ô�µ�¨� ��� ß�����»�Þ�û .À�÷��ª ñÀ�õ ¢¤�ø ����÷ ýÂ���ðù¥�À�÷� ý��û��Î�¡ùø�ä �� .¢�¢ Û�ØÈ� �¤ ü���Ç�� ��¢�ãõ ö���üõ ,ü���Ç�� ý�Î¡ �þ�¹� ø üþ�Þ�µ¨¤¢�� .À��î Â��ç� ö�õ¥ ñ�Ï ¤¢ ´¨� ßØÞõ ñÀõ °þ�Â® ,üÎ¡ Â�è ý�ûñÀõ ¥� ý¤��Æ� ¤¢��¬� Â� ùø�ä ÀþÀ� ��Àû�Èõ öÀª �ê�®� �� ,´ó�� ý�Ìê ñÀõ ¥� ù¢�Ôµ¨� �� °��Â� ßþ�ÀþÀ� ��Àû�Èõ ø ü���Ç�� ý�Î¡ ö���õ §�¨� Â� ��÷ �¤ ñÀõ °þ�Â® ö���üõ ,�ûü���Ç��´ó�� ý�Ìê Çþ�Þ÷ ¥� ù¢�Ôµ¨� ,�ûüðÄþø ßþ� Û�ó¢ �� .(1988 üÜµÆþÂ�) ¢Âî ü÷�¨¤ ¥ø¤ ��´ì¢ Çþ��ê� �� À÷���üõ �µÆþ��÷ ø üÎ¡Â�è ü÷�õ¥ ý�ûýÂ¨ ¤¢ ü���Ç�� ý�Â� ßÞó�î ÂµÜ�ê ø¥� ù¢�Ôµ¨� ,ßþ� Â� ùø�ä .À�î ×Þî ñÀõ ýÂþÁ� ë�±Î÷� �¤Àì Çþ��ê� ø ü���Ç�� ��¹÷� ¤¢ý��ûÝ�µ�þ ¤��Ú�ó� ü�þ�¤��î Ç�þ���ê� ø ü�Î�¡ Â���è ý��ûñÀ�õ Ý���Þ�ã�� ��� ß�Þ�ó��î Â�µ�Ü���ê ø �́ó��� ý��Ì�ê.¢Âî Àû��¡ ×Þî ��÷ ©¥�õ�üªø¤ ö���ä �� ,ü±Êä ý�û�Ø±ª ¤¢ ßÞó�î ÂµÜ�ê ø ´ó�� ý�Ìê Çþ�Þ÷ Â�¡� �û¢ ø¢ ¤¢ø (1989) øø ø ñ��Ú�����¨ .´�¨� ��µ�êÂ�ð ¤�Â�ì ������ ¢¤��õ ¤����Æ�� ,��Ø�±�ª °�þ�Â�® ¢¤ø�Â�� ý�Â��ßÞó�î ÂµÜ�ê ,´ó�� ý�Ìê Çþ�Þ÷ ¥� ù¢�Ôµ¨� �� (1997 ø 1991) ²ÞîÀÜê ø §�þ¤�Ø¨��ü±Êä ý�û�Ø±ª ©¥�õ� ý�Â� �¤ üþ�ûÝµþ¤�Úó� ��¹õ �µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê ø �µê�þ Ý�Þã�ý��û��¿�Æ�÷ ¥� ����÷ (1998) ��î¤��õ ø ö��̈ ø (1995) Â�Þ�Ü�� .À�÷�ù¢Â�î ���¤� ��þ� À���� ¤��¡Ç����¢¤�õ ¤¢ ���� Û��ì �µØ÷ .À÷�ù¢Âî ù¢�Ôµ¨� ü±Êä ý�û�Ø±ª ©¥�õ� ý�Â� ßÞó�î ÂµÜ�ê ÂÚþ¢Í¡Â� �¤�¬ �� ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� ø ÀþÀ� ��Àû�Èõ �� ë�±Î÷� �¤Àì ,�û©ø¤ ßþ�.(2001 ²ÞîÀÜê ø §�þ¤�Ø¨��) ´¨�ü±Êä �Ø±ª ý�ûñÀõ ¤¢ ü���Ç�� ý�Â� ßÞó�î ÂµÜ�ê ø ´ó�� ý�Ìê ý�ûñÀõ ¥� ù¢�Ôµ¨�ý��û��Ø�±�ª Â�� ü���µ�±�õ ü�÷��õ¥ ýÂ�̈ ý��ûñÀ�õ ��ó��Ö�õ ß�þ� ¤¢ . �́̈ � ��µ�êÂ�ð ¤�Â�ì ������ ¢¤��õ Â�µ�Þ�îßÞó�î ÂµÜ�ê ¥� ù¢�Ôµ¨� �� ø �µêÂð ¤�Âì ü¨¤Â� ¢¤�õ ´ó�� ý�Ìê ý�ûñÀõ °ó�ì ¤¢ ü±Êä.Àª Àû��¡ ���¤� �ûñÀõ ßþ� ý�Â� ü÷�¨¤ ¥ø¤ �� ø ü���Ç�� ��¢�ãõ �µê�þ Ý�Þã�ÂµÜ�ê ø ßÞó�î ÂµÜ�ê ø ´ó�� ý�Ìê ý�ûñÀõ ýÀ��ñ�õÂê �ø¢ Ç¿� ¤¢ ,�ó�Öõ �õ�¢� ¤¢ý�ûñÀõ °ó�ì ¤¢ ü±Êä ý�û�Ø±ª ü¨¤Â� �� ��¨ Ç¿� .¢�ªüõ ���¤� �µê�þ Ý�Þã� ßÞó�îßÞó�î ÂµÜ�ê Â� ü�µ±õ ü÷�¨¤ ¥ø¤ �� ø ü���Ç�� ÀþÀ� ��¢�ãõ ýÀ��ñ�õÂê ø ´ó�� ý�Ìê���¤� ©ø¤ üþ�¤�î ü¨¤Â� ý�Â� .¢¥�¢Â�üõ ü±Êä ý�û�Ø±ª ¤¢ ü���Ç�� ý�Â� ,�µê�þ Ý�Þã�
1Kalman 585
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�û�Øó ü÷�õ¥ ýÂ¨ ü���Ç�� �� �¤�ú� Ç¿� ¤¢ ,��¨ Ç¿� ��¢�ãõ ¥� ù¢�Ôµ¨� �� ,ùÀªý��ûñÀ�õ ¥� ù¢��Ô�µ�̈ � ý�Â�� ü���¢��ú���È���� ø ü�Ü�î ýÀ���� â�Þ�� ×�þ .¢��ªü�õ ��µ�¡�¢Â�� ýÀ���ª¤��¡.´¨� ùÀª ���¤� Ý¹�� Ç¿� ¤¢ ´ó�� ý�Ìê
ßÞó�î ÂµÜ�ê ø ´ó�� ý�Ìê ý�ûñÀõ 2´½� ,Xt , ü¨¤Â� ¢¤�õ ü÷�õ¥ ýÂ¨ �î ´¨� ö� üÜ¬� ­Âê ,´ó�� ý�Ìê ñÀõ ×þ ¤¢×þ ü�ãþ .À�îüõ Â��ç� ñø� �±�Âõ Óî¤�õ À�þ�Âê ×þ ø Ë½õ ©�Èµè� À�þ�Âê ×þ Â���b�.¢�¢ ö�È÷ Âþ¥ �¤�¬ �� �ó¢�ãõ ø¢ �� ö���üõ �¤ ´ó�� ý�Ìê ñÀõ

αt = f(t, αt−1) + vt (1)
Xt = h(t, αt) + wt (2)ßþ� ¤¢ .À�õ�÷üõ ù¥�À÷� �ó¢�ãõ �¤ (2) �ó¢�ãõ ø ´ó�� �ó¢�ãõ �þ À�þ�Âê �ó¢�ãõ �¤ (1) �ó¢�ãõý��ûÅ�þÂ����õ ø Â�Ô�¬ ß���Ú�÷����õ ��� ü�̈ ��ð Ë�½�õ ©��È�µ�è� Û�Ö�µ�Æ�õ À���þ�Â�ê ø¢ wt ø vt ñÀ�õÓ�î¤��õ À���þ�Â�ê ×�þ {αt} .Cov(vt, wt) = 0 ü���ã�þ À���µ�Æ�û Qt ø Rt °����Â�� ��� Å�÷��þ ¤�ø��î¤¢ f(t, αt−1) ü�ã����� �Â�ê . �́̈ � ýÂ���ç�µ�õ N ü�÷��õ¥ ýÂ�̈ ×�þ Xt ø ýÂ���ç�µ�õ M ñø� ��±��Â�õ´ó�� ¤¢ h(t, αt) ø À�îüõ Â��ç� ö�õ¥ ñ�Ï ¤¢ �î ´¨� üÎ¡ Â�è ñ�Öµ÷� ÅþÂ��õ üÜî ´ó��.À�î Â��ç� ö�õ¥ ñ�Ï ¤¢ ´¨� ßØÞõ �î ¢�ªüõ ùÀ�õ�÷ ù¥�À÷� üÎ¡ Â�è ÅþÂ��õ üÜî��� ´�ó��� ý��Ì�ê ñÀ�õ ,À���ª��� ü�Î�¡ ù¥�À�÷� ø ñ��Ö�µ�÷� ý��ûÅ�þÂ����õ ��î ü�¬��¡ ´�ó��� ¤¢:´¨� Âþ¥ �¤�¬
αt = Ft−1,tαt−1 + vt (3)
Xt = Htαt + wt (4)�î üµó�� ý�Ìê ñÀõ .´¨� ù¥�À÷� ÅþÂ��õ ×þ Ht ø ñ�Öµ÷� ÅþÂ��õ ×þ Ft−1,t ö� ¤¢ �îùÀª ÓþÂã� üÎ¡ ý�ûÂÚÜÞä ¥� ù¢�Ôµ¨� �� �õ�î ¢�ªüõ ù¢�¢ Çþ�Þ÷ (4) ø (3) Í��ø ¤ ��.¢�ªüõ Ûõ�ª ��÷ �¤ üÎ¡ Â�è ý�û ´ó�� ¥� ý¤��Æ� üóø586
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ßÞó�î ÂµÜ�ê 1�2ý�Â�� (4) ø (3) ù¥�À�÷� ø À���þ�Â�ê ��¢��ã�õ ö��õ��Þ�û Û�� éÀ�û ,ß�Þ�ó��î Â�µ�Ü���ê ¥� ù¢��Ô�µ�̈ � ¤¢ùÀ�ª ùÀ�û��È�õ ý��ûù¢�¢ §��¨� Â�� Ý���û���¡ü�õ ,Â�Ú�þ¢ ö����� ��� .´�¨� α ������ú�� ´�ó��� ß�µ�ê��þ�¤ ,αi ü�ãþ ,i �Ñ½ó ¤¢ Óî¤�õ À�þ�Âê ´ó�� ý�Î¡ ��ã�Âõ ßþÂµÞî ¢¤ø�Â� ,y1, y2, . . . , yk
i > k Âð� ¢�ªüõ ùÀ�õ�÷ ü���Ç�� ,i = k Âð� ¢�ªüõ ùÀ�õ�÷ ö¢Âî ÂµÜ�ê �ÜÿÆõ .Ýþ¤ø� ´¨À�.Àª�� 1 ≤ i < k Âð� ¢�ªüõ ùÀ�õ�÷ ý¥�¨ ¤��Þû ø
t−1 ö�õ¥ ¤¢ ,Àª ù¢�¢ Çþ�Þ÷ (4) ø (3) ��¢�ãõ �� �î Xt ü÷�õ¥ ýÂ¨ �î À��î ­Âê
t ��Ñ�½�ó ý�Â�� �¤ Ó�î¤��õ À���þ�Â�ê �́ó��� ø ü�÷��õ¥ ýÂ�̈ �́��ã�®ø Ý���û���¿�� ø À�ª��� ��µ�ª�¢ ¤�Â�ì:À�µÆû ýÀ��ñ�õÂê Û��ì Âþ¥ �¤�¬ �� ü���Ç�� ��¢�ãõ �¤�¬ ßþ� ¤¢ .Ý��î ü���Ç��

α̂t|t−1 = Ft−1,tα̂t−1|t−1 (5)
Pt|t−1 = Ft−1,tPt−1|t−1F ′

t−1,t +Rt−1 (6)
X̂t = Htα̂t|t−1 (7)

X1, X2, . . . , Xj ��Àû�Èõ §�¨� Â� i �Ñ½ó ¤¢ Óî¤�õ À�þ�Âê ´ó�� ¢¤ø�Â� ,α̂i|j �ú÷� ¤¢ �îÂ� i ö�õ¥ ¤¢ ,α̃t = αt − α̂t ,´ó�� ý�Î¡ ¤�¢Â� Å÷�þ¤�ø�î ÅþÂ��õ ,Pi|j ß��»Þû .´¨�:´¨� X1, X2, . . . , Xj ��Àû�Èõ §�¨�
Pi|j = E{(αi − α̂i|j)(αi − α̂i|j)

′}Âþ¥ Í��ø ¤ ¥� ù¢�Ôµ¨� �� ;¢�ª ùÀû�Èõ ��÷ t �Ñ½ó ¤¢ ü÷�õ¥ ýÂ¨ ¤�ÀÖõ �î À��î ­Âê ñ��:¢�ªüõ ü÷�¨¤ ¥ø¤ �� ´ó�� ý�Î¡ ¤�¢Â� Å÷�þ¤�ø�î ÅþÂ��õ ø ´ó�� ¢¤ø�Â�
α̂t|t = α̂t|t−1 +Kt(Xt −Htα̂t|t−1) (8)
Pt|t = [I −KtHt]Pt|t−1 (9):¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø À�õ�÷üõ ßÞó�î Û¬�� ÅþÂ��õ �¤ Kt ÅþÂ��õ ö� ¤¢ �î

Kt = Pt|t−1H ′
t[HtPt|t−1H ′

t +Qt]
−1 (10)üµÈð¥�� �¤�¬ �� �¤ ü���Ç�� ö���üõ ,Âþ¥ ßþ¥�è� Íþ�Âª ßµêÂð ÂÑ÷ ¤¢ �� °��Â� ßþ� ��.¢�¢ ��¹÷�

α̂0 = E[α0]
P0 = E{(α0 − E(α0))(α0 − E(α0))′}587
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢
�µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê 2�2ý�Â� �ú�� üÎ¡ ý�ûÂÚÜÞä ¥� ù¢�Ôµ¨� Û�ó¢ �� ,Àª üêÂãõ Ç�� Ç¿� ¤¢ �î ßÞó�î ÂµÜ�êüÎ¡ Â�è ý�ûñÀõ ý�Â� .´¨� ù¢�Ôµ¨� Û��ì (4 ø 3 Í��ø ¤) üÎ¡ ´ó�� ý�Ìê ý�ûñÀõ¢�¢ Ý�Þã� �¤ ßÞó�î ÂµÜ�ê ö���üõ ý¥�¨ üÎ¡ À�þ�Âê ×þ ö¢Âî �ê�®� �� (2 ø 1 Í��ø ¤).¢Âî ýÀ��ñ�õÂê �¤ �µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê ö���üõ °��Â� ßþ� �� .(2001 ß�Øþ�û)

t−1 ö�õ¥ ¤¢ ,Àª ù¢�¢ Çþ�Þ÷ (2) ø (1) ��¢�ãõ �� �î Xt ü÷�õ¥ ýÂ¨ �î À��î ­Âê
t ��Ñ�½�ó ý�Â�� �¤ Ó�î¤��õ À���þ�Â�ê �́ó��� ø ü�÷��õ¥ ýÂ�̈ �́��ã�®ø Ý���û���¿�� ø À�ª��� ��µ�ª�¢ ¤�Â�ì:Ý��îüõ ÓþÂã� �¤ Âþ¥ ÅþÂ��õ ø¢ .Ý��î ü���Ç��

Ft−1,t = ∂f(t− 1, α)
∂α

|α=α̂t−1|t−1 (11)
Ht =

∂h(t, α)

∂α
|α=α̂t|t−1 (12):¥� ¢�� À�û��¡ �¤�±ä ü���Ç�� ��¢�ãõ (12) ø (11) Í��ø ¤ ¥� ù¢�Ôµ¨� �� ñ��

α̂t|t−1 = f(t, α̂t−1|t−1) (13)
Pt|t−1 = Ft−1,tPt−1|t−1F ′

t−1,t +Rt−1 (14)
X̂t = h(t, α̂t|t−1) (15):¢Âî üÆþ�÷¥�� Âþ¥ �¤�¬ �� ö���üõ ��÷ �¤ ü÷�¨¤ ¥ø¤ �� ��¢�ãõ ,��t ùÀû�Èõ öÀª �ê�®� ��
α̂t|t = α̂t|t−1 +KtXt − h(t, α̂t|t−1) (16)
Pt|t = [I −KtHt]Pt|t−1 (17):¥� ´¨� �¤�±ä ��÷ ßÞó�î Û¬�� ÅþÂ��õ ø

Kt = Pt|t−1H ′
t[HtPt|t−1H ′

t +Qt]
−1 (18)ü���Ç�� �� ö���üõ h ø f üã��� ý�û�Âê ø °þ�Â® ÅþÂ��õ ßµª�¢ ¤��µ¡� ¤¢ �� °��Â� ßþ� ��.´¡�¢Â� ö�ú�� Óî¤�õ À�þ�Âê ´ó�� ø ü÷�õ¥ ýÂ¨588
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�û�Ø±ª ý�Â� ü���Ç�� ��¢�ãõ ø ´ó�� ý�Ìê Çþ�Þ÷ 3ü±Êä:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ �¤�¬ �� ü±Êä �Ø±ª ñÀõ ×þ
yt = g(xt) + wt (19)´ó�� ¤�¢Â� ×þ ß��»Þû .´¨� xt = [yt−1, yt−2, . . . , yt−p, ]′ ø wt ∼ N(0, σ2) ö� ¤¢ �î�¤�¬ �� ö���üõ �¤ (19) ñÀõ .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ αt = [yt−p+1, . . . , yt−1, yt] �¤�¬ ��:¢�¢ ö�È÷ ´ó�� ý�Ìê ñÀõ ×þ
αt+1 = F (αt) +wt+1 (20)
yt =Hαt (21):ö� ¤¢ �î

F (αt) = [yt−p+2, . . . , yt, g(αt)]′
wt = wt[0, . . . ,0,1]′
H = [0, . . . ,0,1]�� �¤ ü���Ç�� ��¢�ãõ ö���üõ �µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê ¥� ù¢�Ôµ¨� �� wt ∼ N(0,Σw) Âð�:´ª�÷ Âþ¥ �¤�¬

ŷt+h =Hα̂t+h (22)
α̂t+j = F̂ (α̂t+j−1) (23)
P̂ t+j|t+j−1 = f̂ t+j−1P̂ t+j−1|t+j−1f̂ ′

t+j−1 +Σw (24):ö� ¤¢ �î
f t =

∂F (α)

∂α
|
α=αt.¢�ªüõ ù¢�Ôµ¨� Âþ¥ ��¢�ãõ ¥� ü÷�¨¤ ¥ø¤ �� ý�Â� ,ÀþÀ� ��Àû�Èõ öÀª �ê�®� ��

αt+j = α̂t+j +Kt+j(yt+j −Hα̂t+j) (25)
P̂ t+j|t+j = [I −Kt+jH] P̂ t+j|t+j−1 (26)
Kt+j = P̂ t+j|t+j−1H ′

[
HP̂ t+j|t+j−1H ′

]−1 (27)589
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´Èð¥�� ¢�¡ �þ� À�� ü±Êä �Ø±ª ý�Â� ü���Ç�� ��¢�ãõ 1�3ö�ú�� �þ� ×þ �� ¤�¡Ç�� ü±Êä �Ø±ª ×þ ¥� yt ü÷�õ¥ ýÂ¨ ý¥�¨ ñÀõ ý�Â� À��î ­Âê:Ý��î ù¢�Ôµ¨� Âþ¥ �¤�¬ ��
yt = g(xt) + wt = γ0 +

m∑

i=1 γihβi0 +

p∑

j=1 βijyt−j+1+ wt (28)´�ó�ãê â��� ×þ h ø xt = [yt−1, yt−2, . . . , yt−p, ]′,ö�ú�� �þ� ý�ûöøÂ÷ ¢�Àã� m ö� ¤¢ �îö����ü�õ �¤ (28) ñÀ�õ ,(21) ø (20) ��Î���¤ ¥� ù¢��Ô�µ�̈ � ��� �¤��¬ ß�þ� ¤¢ . �́̈ � Â�þÁ��Õ�µ�È�õ(23) ,(22) Í��ø ¤ ¥� ù¢�Ôµ¨� �� �¤�¬ ßþ� ¤¢ .´ª�÷ ´ó�� ý�Ìê ñÀõ ×þ �¤�¬ ��Âþ¥ �¤�¬ �� ö�ú�� �þ� ×þ �� ¤�¡Ç�� ü±Êä �Ø±ª ý�Â� ü���Ç�� ��¢�ãõ (24) ø:¢�� Àû��¡
ŷt+h =Hα̂t+h (29)
α̂t+j = F̂ (α̂t+j−1) (30)
P̂ t+j|t+j−1 = f̂ t+j−1P̂ t+j−1|t+j−1f̂ ′

t+j−1 +Σw . (31)Àª�� Âþ¥ �¤�¬ �� ×�µÆ¹ó â��� ×þ h(x) Âð�
h(x) =

11+ e−cx :�¤�¬ ßþ� ¤¢
f t =

∂F (α)

∂α
|
α=αt

=




0 1 0 · · · 00 0 1 · · · 0... ... ... . . . ...0 0 0 · · · 1
∂g(xt)
∂yt−p+1 ∂g(xt)

∂yt−p+2 ∂g(xt)
∂yt−p+3 · · · ∂g(xt)

∂yt




,

∂g(xt)

∂yt−k+1 =

m∑

i=1 γiβikhβi0 +

p∑

j=1 βijyt−j+11− h


βi0 +

p∑

j=1 βijyt−j+1590
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢(27) ø (26) ,(25) ��¢�ãõ ¥� ��÷ ü÷�¨¤ ¥ø¤ �� ý�Â� ,ÀþÀ� ��Àû�Èõ öÀª �ê�®� ��.¢Âî ù¢�Ôµ¨� ö���üõßþ¥�è� Âþ¢�Öõ 2�3¤�¢Â�� ����óø� Â�þ¢��Ö�õ ¥� ý¢¤ø�Â�� À�þ��� , �́ó��� ¤�¢Â�� ¢¤ø�Â�� ü�µ�È�ð¥��� ��¢��ã�õ ¥� ù¢��Ô�µ�̈ � ý�Â��ö��õ¥ ø ��µ�Æ�þ� ñÀ�õ ×�þ ,´�ó��� ý��Ì�ê ñÀ�õ Â�ð� .¢¤ø� ´�¨À�� ö� ����óø� Å�÷��þ ¤�ø ø ´�ó���¤�¢Â� üÏÂª Â�è Å÷�þ¤�ø ø ß�Ú÷��õ ¢¤ø�Â� ¥� üð¢�¨ �� ö���üõ �¤�¬ ßþ� ¤¢ Àª�� ßÚÞû×���î �) ¢Âî ù¢�Ôµ¨� ö� ��óø� Å÷�þ¤�ø ø ´ó�� ¤�¢Â� ��óø� Âþ¢�Öõ ¢¤ø�Â� ö���ä �� ´ó��¤¢ ø À�µÆû �µÆþ� �±÷�¹õ üÎþ�Âª ´½� ü±Êä �Ø±ª ý�ûñÀõ �Ø�þ� �� ���� �� .(1978¢¤ø�Â� ¥� ö���üÞ÷ ,À��îüõ Â��ç� ö�õ¥ ñ�Ï ¤¢ ´ó�� ¤�¢Â� Å÷�þ¤�ø ø ß�Ú÷��õ Íþ�Âª ßþ�¢¤ø�Â� ý�Â� üÔÜµ¿õ ý�û©ø¤ .¢Âî ù¢�Ôµ¨� �ûñÀõ ßþ� ý�Â� üÏÂª Â�è Å÷�þ¤�ø ø ß�Ú÷��õø ýø¤�û �÷�Þ÷ ö���ä �� .´¨� ùÀª ¢�ú�È�� ö� ��óø� Å÷�þ¤�ø ø ´ó�� ¤�¢Â� ��óø� Âþ¢�Öõ«�¡ Âþ¢�Öõ ø¤ ýÀ�î�b� ¢�ªüõ ¶ä�� ï¤�� Å÷�þ¤�ø �î ñ�Àµ¨� ßþ� �� (1979) Å³�Ü�ê��óø� ¤�ÀÖõ ý�Â� �¤ ï¤�� ¤��Æ� Å÷�þ¤�ø ×þ ,Àª�� �µª�À÷ ¢��ø ´ó�� ¤�¢Â� ��óø� ¤�ÀÖõ¤�ÀÖõ �î ´¨� ö� ©ø¤ ßþ� ¤¢ ü¨�¨� ­Âê ÂÚþ¢ �¤�±ä �� .À÷�ù¢Âî ¢�ú�È�� ´ó�� ¤�¢Â�ù¢��Ô�µ�̈ � ��� ����÷ (1981)�ø��ð��µ���î . �́̈ � 2Ç�¿��ü�û��ð ���÷ â�þ¥��� ×�þ ý�¤�¢ �́ó��� ¤�¢Â�� ����óø��¤ �¤ üªø¤ ,À�îüõ Û�õ ÂÔ¬ �� ´ó�� ¤�¢Â� ��óø� ¤�ÀÖõ Å÷�þ¤�ø §�Øãõ �î ­Âê ßþ� ¥�©ø¤ ×þ ¥� ¢Âî ¢�ú�È�� (1988) Ù÷�� ý¢ ß��»Þû .¢Âî ���¤� ��óø� Âþ¢�Öõ ¢¤ø�Â� ý�Â�(1979) Å³�Ü�ê ø ýø¤�û ý¢�ú�È�� ©ø¤ .¢�ª ù¢�Ôµ¨� ��óø� Âþ¢�Öõ ¢¤ø�Â� ý�Â� üµÈð¥��ß�� ¥� ý¢�þ¥ À� �� �¤ ��óø� Âþ�Öõ �� ßÞó�î ÂµÜ�ê ´�¨�Æ� �Âþ¥ �µêÂð ¤�Âì ¢��µ¨� ¢¤�õ ÂµÈ��Å÷�þ¤�ø Ý��îüõ ­Âê °��Â� ßþ� �� .´¨� ý¥�¨ ù¢��� Û��ì üð¢�¨ �� ��÷ ÛÞä ¤¢ ø ¢Â�üõ:¢�ªüõ ýÀ��ñ�õÂê Âþ¥ �¤�¬ �� ´ó�� ¤�¢Â� ��óø�
P 0 = kI,ÛÞä ¤¢) k → ∞ �î ´±·õ ¤�ÀÖõ ×þ k ø ´¨� p× p Àã� �� ü÷�Þû ÅþÂ��õ I ö� ¤¢ �îï¤�� ö�Øõ� À� �� ¤�ÀÖõ ×þ Àþ�� k ,ü��±¨�½õ ý�ûÝµÆ�¨ �Ñê�� ¤¢ ´þ¢øÀ½õ Û�ó¢ ��ñÀõ ¤¢ ´ó�� ¤�¢Â� Â¬��ä ��Þ� �Ø�þ� �� ���� �� ,´ó�� ¤�¢Â� ¢¤ø�Â� ý�Â� .(¢�ª ��¿µ÷���óø� Âþ¢�Öõ Â�� ,ßÞó�î ÂµÜ�ê ¤¢ ¤�ÂØ� �Ü�Âõ À�� ¥� Å� ,À�µÆû ùÀû�Èõ Û��ì (21) ø (20)

2Noninformative 591
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢Ç¿� ¤¢ ùÀª ���¤� ü÷�¨¤ ¥ø¤ �� ø ü���Ç�� ��¢�ãõ ÂÚþ¢ ö��� �� .Àª Àû��¡ éÁ� �õ�îö���üõ ¢¤ø�Â� ×þ ö���ä �� ßþ� Â� ��� .À�µÆ�÷ §�Æ� ßÞó�î ÂµÜ�ê ��óø� ¤�ÀÖõ �� ´±Æ÷ ,Û±ì¤�¢Â� ��óø� ¤�ÀÖõ Å÷�þ¤�ø ø ß�Ú÷��õ °��Â� ßþ� �� .¢Âî ù¢�Ôµ¨� ñø� ùÀû�Èõ p ß�Ú÷��õ ¥�:¢Âî ¢¤ø�Â� Âþ¥ �¤�¬ �� ö���üõ �¤ ´ó��
Ê(α0) = 1

p

p∑

i=1 yi
ˆV ar(α0) = P 0 = kI

ý¢Àä ñ�·õ 4ü�÷��¨¤ ¥ø ¤ ��� ø ü������Ç���� ��¢��ã�õ ,Û�±�ì Ç�¿�� ¤¢ ùÀ�ª ����¤� ©ø¤ ü�þ��÷���� ü�¨¤Â�� ý�Â��ýÂ�̈ ü������Ç���� ý�Â�� ë��ê ©ø¤ ¥� Ç�¿�� ß�þ� ¤¢ ,´�È�ð¥��� ¢��¡ ü�±�Ê�ä ý��û��Ø�±�ª ý�Â��ý�û�Øó �� ¯��Âõ ��Àû�Èõ ,ü¨¤Â� ¢¤�õ ý�ûù¢�¢ .´¨� ùÀª ù¢�Ôµ¨� ýÀ�ª¤�¡ ý�û�Øóý�ûù¢�¢ üÜõ �îÂõ üµ÷Âµ�þ� ù�Úþ�� ¤¢ �î ´¨� 1998 �� 1700 ñ�¨ ¥� �÷��¨ ýÀ�ª¤�¡ü���Ç�� ��¹÷� ø ´Èð¥��¢�¡ ü±Êä�Ø±ª ñÀõ ©¥�Â� ý�Â� .´¨� ùÀª ÂÈµ�õ 3×þ��ê���ùÀª ù¢�Ôµ¨� ,yt = 2[√1+Nt − 1],(1981) Ù÷�� ø ¤�Àì Í¨�� ùÀª ¢�ú�È�� ÛþÀ±� ¥�ñÀõ .´¨� ñ�¨ ×þ ñ�Ï ¤¢ ¤¢ ùÀª ùÀû�Èõ ýÀ�ª¤�¡ ý�û�Øó ¢�Àã� Nt ö� ¤¢ �î ´¨�¤¢ öøÂ÷ ø¢ ø ñÀõ ý�ûý¢ø¤ø ö���ä �� üÚµÆ��ø ��ð Çª ý�¤�¢ ùÀª ©¥�Â� ü±Êä �Ø±ª:´¨� ö�ú�� �þ�
yt = γ0 +

2∑
i=1 γihβi0 +

6∑
j=1 βijyt−j+1+ wt.

3www.ngdc.noaa.gov 592
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�¤ ,αt ,´ó�� ¤�¢Â� ü÷�¨¤ ¥ø¤ �� Âþ¢�Öõ ø ü���Ç�� Âþ¢�Öõ ,ùÀª ùÀû�Èõ Âþ¢�Öõ ,(1) ¤�¢�Þ÷.Àû¢üõ ö�È÷

´ó�� ¤�¢Â� ü÷�¨¤ ¥ø¤ �� Âþ¢�Öõ ø ü���Ç�� Âþ¢�Öõ ,ùÀª ùÀû�Èõ Âþ¢�Öõ :1 ÛØªùÀû�Èõ ,ß�þ�� ¤�¢�Þ÷ ¤¢ ýÂ¨ ùÀª ùÀû�Èõ Âþ¢�Öõ ø ´ó�� ¤�¢Â� ùÀª ¥ø¤ �� Âþ¢�Öõ �Æþ�Öõ ���� ø À÷ÂþÁ�üõ Â�� ßþ¥�è� ¤�ÀÖõ ¥� ñø� ¤�ÂØ� À�� ¤¢ �ú�� ü÷�¨¤ ¥ø¤�� Âþ¢�Öõ �î ¢�ªüõ¤�¢Â�� ùÀ�ª ü�÷��̈ ¤ ¥ø ¤ ��� Å�÷��þ ¤�ø��î Å�þÂ����õ .À�����îü�õ �À���� ë��±�Î�÷� ü�Ü�¬� ýÂ�̈ ��� �́äÂ�̈¤�ÂØ� ¥� ùÀª ü÷�¨¤ ¥ø¤ �� Å÷�þ¤�ø�î ÅþÂ��õ Âþ¢�Öõ .À�îüõ À�þ�b� �¤ ´�ãì�ø ßþ� ��÷ ´ó��Â��Â� ��÷ ´ó�� ¤�¢Â� ùÀª ¢¤ø�Â� ¤�ÀÖõ Å÷�þ¤�ø ¢¤ø�Â� .´¨� ÂÔ¬ f�±þÂÖ� Àã� �� Ýû¢�÷��Âþ¢�Öõ 1 ñøÀ� .¢¤�¢ ´Ö��Îõ ü���Ç�� ý�Î¡ ý�Â� ùÀª ¢¤ø�Â� Å÷�þ¤�ø �� �î ´¨� 2/35ý��ûñ��̈ ß���� ýÀ���ª¤��¡ ý��û��Ø�ó ýÂ�̈ ü�÷��̈ ¤ ¥ø ¤ ��� ø ü������Ç���� Â�þ¢��Ö�õ ,ùÀ�ª ùÀ�û��È�õ.Àû¢üõ ö�È÷ �¤ 1998 �� 1989ýÂ�ð�¹�µ÷ 5ù¢�Ôµ¨� �� ,´Èð¥��¢�¡ ü±Êä �Ø±ª ý�ûñÀõ ¤¢ ü���Ç�� ý�Â� ÀþÀ� üªø¤ �ó�Öõ ßþ� ¤¢ùÀõ� ´¨¢ �� ��¢�ãõ ,©ø¤ ßþ� üþ�÷��� ü¨¤Â� ý�Â� .Àª ���¤� ,�µê�þ Ý�Þã� ßÞó�î ÂµÜ�ê ¥�¤¢ Àû¢üõ ö�È÷ ¸þ�µ÷ .À�µêÂð ¤�Âì ù¢�Ôµ¨� ¢¤�õ ýÀ�ª¤�¡ ý�û�Øó ýÂ¨ ü���Ç�� ý�Â���ûýÂ���ðù¥�À�÷� ��î ü�Î�þ�Â�ª ¤¢ ,ùÀ�û��È�õ Û����ì ýÂ�̈ ø �́ó��� ¤�¢Â�� ��Î���¤ Û���ó¢ ��� ,©ø¤ ß�þ�üÞî ¤��Æ� ´�¨�Æ� ö� ü���Ç�� ø ùÀª ü÷�¨¤ ¥ø¤ �� ´ó�� ¤�¢Â� ,À�ª�±÷ ù�ÂÞû �Î¡ ��593
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