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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�b µ¿�õ� ý�ûñÀõ ¤¢ ßþ�³¨� ¥� ù¢�Ôµ¨� �� ß�Ú÷�Âî Âþ¢�Öõ ý��� Û�Ü½��µê�þÝ�Þã�ù¢�¥üÜäÛð ü¨�õ ,ù¢�¥ÀÞ½õ ßÆ½õ ,ö�þ¢�Þ½õ ¢��ú�§¤Àõ ´��Â� ù�ÚÈ÷�¢ ,¤�õ� ùøÂðÛ��Öµõ ø üþ�Ìê ,ü÷�õ¥ ,üÎ¡Â�è ,üÎ¡ ��Â�� ¤�Ì� ¤¢ ß�Ú÷�Âî ý�û¾¨�� ýÀ��ñÀõ´ê��û¤ ø �µ¿�õ� ñÀõ ¤¢ ý¤��Þû ßþ�³¨� ùø�ã� .¢ÂþÁ� �¤�¬ �µ¿�õ� ñÀõ �� À÷���üõ�ó�Öõ ßþ� ¤¢ .À��îüõ Ýû�Âê ß�Ú÷�Âî Âþ¢�Öõ ¯�±�µ¨� ý�Â� �¤ ü±¨��õ ���¤�� f�õ��� ý���ö��� �µê�þÝ�Þã� �b µ¿�õ� ñÀõ ×þ °ó�ì ¤¢ üÎ¡Â�è ��Â�� ý�Â� ý¤��Þû ßþ�³¨� ýÂ�ð¤�Ø�ý��û¾�̈ ��� ��î ¢��ªü�õ Â�ê ¤��Ñ���õ ß�þ� ý�Â�� .¢ø ¤ü�õ ¤��Ø�� ß���Ú�÷�Â�î Â�þ¢��Ö�õ Û���Ü�½�� ý�Â�� øâþ¥�� ý�¤�¢ ø ÛÖµÆõ üê¢�Ê� ��Â�� ø ü���±� ý�ûÂ�çµõ ¥� üþ�ûÕÖ½� Â� ¯øÂÈõ ü��Ú÷�Âîý�ûÂ�çµõ ¥� ¤��Þû üã���� �¤�Ê� âþ¥�� ý�ûÂµõ�¤�� Å³¨ ,À�ª�� �µê�þÝ�Þã� ß�Ú÷�Âî ¤�ÀÖõ´ê��û¤ ¤¢ üªÂ� Â�ð�÷�Þ÷ ø üþ�ó¤�î´÷�õ Óî¤�õ Â�¹÷¥ ý�û×��Ø� ¥� ù¢�Ôµ¨� �� ü���±�¤�Ø� ö¥� ý�ûù¢�¢ ß�Ú÷�Âî ýÀ��ñÀõ ý�Â� ùÀª ���¤� ñÀõ ö�þ�� ¤¢ .À÷�ªüõ ¢¤ø�Â� ý���.¢ø ¤üõé�î¤�õ Â�¹÷¥ ,ý¤��Þû ßþ�³¨� ,ß�Ú÷�Âî ¤�ÀÖõ âþ¥�� ,ß�Ú÷�Âî Âþ¢�Öõ :ýÀ�Üî ý�ûù��ø.ö¥� ý�ûù¢�¢ ,üî�Ü� ý�û�Þ���õ ,üþ�ó¤�î ´÷�õ�õÀÖõ 1üê¢�Ê� ý�ûÀ�þ�Âê ¤¢ �¤ ×��î �þ ï¤�� üÜ�¡ ��Àû�Èõ ¤�µê¤ �î 1ß�Ú÷�Âî Âþ¢�Öõ �b þÂÑ÷.¢ø¤üõ ¤�Ø� üó�õ ø ü¨��ªß�õ¥ ,ü¨À�úõ ,ü¨��ª��û ,ý��óø ¤À�û ��Üä ¤¢ ,À�îüõ Û�Ü½�Û�óÀ� �Àµ�� ¤¢ .À�îüõ üêÂãõ ß�Ú÷�Âî Âþ¢�Öõ ý�Â� �¤ ü±þÂÖ� ø ýÂµõ�¤�� ý�âþ¥�� �þÂÑ÷ ßþ���� ��ûÂ�µ�õ�¤��� �̧þ ¤À�µ�� .À�ªü�õ Â�ê �́���� â�þ¥��� ý��ûÂ�µ�õ�¤��� ��ûÂ�ð¢¤ø�Â�� �b �±�̈ ��½�õ �́þ¢øÀ�½�õü÷�Øõ Âµõ�¤�� (1986) ´�Þ¨� ñ�·õ ö���ã� .À÷Àª ýÀ��ñÀõ ü���±� ý�ûÂ�çµõ ¥� üÎ¡ â����
1Extreme value theory 462
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢üþ�û´þ¢øÀ½õ .¢�Þ÷ Í±�Âõ ü¨���¨ ø üÎ¡ ý�û�Ôó�õ �� �¤ �µê�þÝ�Þã� ß�Ú÷�Âî ¤�ÀÖõ âþ¥��ß���Þ�Ì�� ¤��Ñ���õ ��� Â��¢��þ¥ ü�÷����̈ Â�ð¤ °�þ�Â�® ¥� ù¢��Ô�µ�̈ � ø °�̈ ����õ ü�ã����� �Â�ê ���¿�µ�÷� ö���ýÂµõ�¤���÷ ý�ûñÀõ �� öø�ê�¥ø ¤ ���� °��õ ýÂµõ�¤�� ý�ûñÀõ ¤¢ ÂµÈ�� ýÂþÁ�é�Îã÷�ßþ� ¤¢ .´¨� ùÀþ¢Âð ��Àû�Èõ �� ñÀõ ©¥�Â� ¤¢ ýÂþÁ�é�Îã÷� Â� ��Ø� �� ýÂµõ�¤���Þ�÷ �þø ¢�ªüõ É¿Èõ �ûù¢�¢ Í¨�� f�Þ�ÖµÆõ ¾¨�� ø ü���±� ý�ûÂ�çµõ ß�� �b Î��¤ á�÷ �ûñÀõ�Üî ø üóø�� .À÷¢Âðüõ ýÀ��ñÀõ ü���±� ý�ûÂ�çµõ ¥� ¤��Þû üã���� �� ��÷ âþ¥�� ý�ûÂµõ�¤��ø ý¤�¢Â� �b µê�þÝ�Þã� üãÞ� ý�ûñÀõ (2007) ö�Æ�Ôµ¨� ø üþ ,ý¤��Þû ßþ�³¨� (2001)��� ��µ�ê��þÝ���Þ�ã�� �b �µ�¿���õ� ý��ûñÀ�õ °�ó��ì ¤¢ ùÀ���÷�ø��� ý��ûß�þ��³�¨� ��� (2008) À�÷�ø ø öøÀ��Û�óÀ� ß�Ú÷�Âî Âþ¢�Öõ ý�Â� ë�ê ý�ûñÀõ ý�Â�� .À�µ¡�¢Â� ü��Ú÷�Âî ý�û¾¨�� ý¥�¨¤��Þû(1985) ´�Þ¨� .Àª ýÀþÀ� ü��±¨�½õ ��ØÈõ ¥øÂ� °��õ üþ�Þ�µ¨¤¢ â��� ö¢�� ùÀ�»�¢���õ ÛØª Âµõ�¤�� Âþ¢�Öõ ¥� üÌã� ý�¥� �� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ý�ûÂð¢¤ø�Â� ¢�¢ ö�È÷�¤ ü�ã�®��õ ü�þ��Þ���µ�̈ ¤¢ â����� ��� ñÀ�õ ©¥�Â�� �́þ¢øÀ�½�õ (2000) Ç�õ�¤ ø ö��Æ�þø�¢ .À���µ�Æ���÷ÅþÂ��õ �b ±¨�½õ ý¤��ª¢ (2007) ö�Æ�Ôµ¨� ø üþ ø �ø�Ôµõ ý¥�¨¤��Þû ý�û��¤¢ ý�Â��� ý��� ´ê��û¤ �� ¯�±�µ¨� �Áó .À÷�ù¢�Þ÷ Âî£ ���Øª� ùbÀÞä ¥� �¤ ¤�Ñµ÷� ¢¤�õ ÂÈ�ê á�Ï�¤�Ø� üÏÂª üþ�Þ�µ¨¤¢ â��� ý��� ¯�±�µ¨� ¤¢ .¢Â�ð ¤�Âì ���� ¢¤�õ À÷���üõ ùÀÞä Û�ó¢ À��ßþ� °þÂÖ� .´Æ�÷ ¥��÷ ,¢�ªüõ ù¢¥ °þÂÖ� f��Þãõ �î ý���ª�� üþ�Þ�µ¨¤¢ â��� �� ø ¢ø¤üõ¥� .¢¤�¢ Å÷�þ¤�ø ý�û�Ôó�õ ùÄþ�� �ûÂµõ�¤�� ¢¤ø�Â� ´ì¢ ¤¢ ý��Ñ��õ Û��ì Â�� �ûý���ª��ü��ä�Ï� ¥� ù¢�Ôµ¨� �¹�µ÷ ¤¢ ,À÷¤�¢¤�¡Â� ý¢�þ¥ ýÂþÁ�Â��ç� ¥� ß�Ú÷�Âî Âþ¢�Öõ ÂÚþ¢ éÂÏ�� (2009) üó�� ø ü�þ¤� .¢¢Âð ¸þ�µ÷ ´ì¢ Çþ��ê� °��õ À÷���üõ ß�È�� âþ¥�� °ó�ì ¤¢ý¤���Þ�û ý��ûß�þ��³�¨� ��� �¤ ß�¨���� ý���Î�Ö�÷ À���þ�Â�ê ¥� Û�¬��� ý��ûß���Ú�÷�Â�î ý����� ´�ê����û¤üî�Ü� ý�û�Þ���õ âþ¥�� ü÷�Øõ Âµõ�¤�� ý�Â� ßþ�³¨� ¥�¨¤��Þû �ó�Öõ ßþ� ¤¢ .À÷¢Âî ýÀ��ñÀõ�î üµó�� �� ý��� ¯�±�µ¨� ¸þ�µ÷ Å³¨ .¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ �µ¿�õ� ñÀõ ×þ �¤�Ê�,�õ�¢� ¤¢ .¢�ªüõ �Æþ�Öõ ,´¨� ü���±� ý�ûÂ�çµõ ¥� üÎ¡ üÜþÀ±� �þ ´��� âþ¥�� ý�ûÂµõ�¤��Ç¿� ¤¢ ¤�Êµ¡� �� �µ¿�õ� ý�ûñÀõ ø ß�Ú÷�Âî Âþ¢�Öõ �b þÂÑ÷ ¤¢ üî�Ü� ý�Þþ�î�õ ©ø¤���¤� �µ¿�õ� ý�ûñÀõ �� ß�Ú÷�Âî Âþ¢�Öõ ý��� Û�Ü½� 3 Ç¿� ¤¢ Å³¨ .À÷�ªüõ ö��� 2ö�Âú� Âúª ö¥� ý�ûù¢�¢ ß�Ú÷�Âî Âþ¢�Öõ Û�Ü½� ¤¢ ùÀª ���¤� ñÀõ ýÂ�ð¤�Ø� ù�½÷ .¢¢Âðüõ.¢¢Âðüõ ���¤� 5 Ç¿� ¤¢ ýÂ�ð�¹�µ÷ ø ¶½� f�µþ�ú÷ .¢�ªüõ ù¢�¢ ö�È÷ 4 Ç¿� ¤¢
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ß�Ú÷�Âî Âþ¢�Öõ Û�Ü½� 2Âþ¢�Öõ �� ýÂµõ�¤�� âþ¥�� ×þ ß�Ú÷�Âî ��Î¨ ü��þöøÂ� ý�Â� f��Þãõ ß�Ú÷�Âî Âþ¢�Öõ �b þÂÑ÷ ¤¢üê¢�Ê� Â�çµõ üÎ¿� ñ�Þµ�� �b ±¨�½õ ý�Â� f��ÀÞä âþ¥�� ßþ� .¢�ªüõ ù¢�¢ ©¥�Â� ß�Ú÷�Âîü�÷ø��ê ö� ¥� É�¿�È�õ ñ��Þ�µ��� ��� Â���ç�µ�õ ß�þ� ��î ý¤�À�Ö�õ ��þ É�¿�È�õ ýÀ��Â�̈ ¥� ü�����Ú�÷�Â�î�¤��Ê�� ü�÷��õ¥ ý��ûí��Ü�� �À�µ��� ,ü�î��Ü�� ý��Þ�þ��î��õ ýÀ����ñÀ�õ ¤¢ .¢��ªü�õ ù¢��Ô�µ�̈ � À����þü�õf��Þãõ .¢�ªüõ ©¥�Â� ü±þÂÖ� ýÂµõ�¤�� âþ¥�� �ûí�Ü� ý�Þþ�î�õ �� ø ß��ã� ü÷�õ¥ ý�ûù¥���û�Þþ�î�õ ñ�Öµ¨� ø ü±þÂÖ� âþ¥�� Â�°¨��õ ©¥�Â� °��õ Âµð¤�� ü÷�õ¥ ý�ûí�Ü� ��¿µ÷�â�þ¥���Ý�û ø Û�Ö�µ�Æ�õ ��µ�̈ ����� ü�ê¢��Ê�� ý��ûÂ���ç�µ�õ ¥� ý���ó��±�÷¢ {Zt}t≥1 À�����î Â�ê .À�÷��ªü�õ
Mn Õ���ì¢ â�þ¥��� ,À�ª��� ���Ü�ã�õ ��û Zi â�þ¥��� Â�ð� .À���ª��� Mn = max{Zt : t = 1, . . . , n} øü±þÂÖ� âþ¥�� Mn ý�Â� ß�Ú÷�Âî Âþ¢�Öõ �b þÂÑ÷ �¤�¬ ßþ� Â�è ¤¢ .¢�ªüõ É¿Èõ üµ��Â����¤� n→ ∞ �Ø�÷�õ¥ ,bn ø an > 0 üÖ�Ö� ý�û´��� ý�¥� �� �¤ P (Mn−bn

an
≤ y) → G(y)�ªùÂê ,Û±õ�ð ý�ûâþ¥�� ¥� üØþ ¢�ªüõ ´��� ,Àª�� ùÀ�û�±� Â�è âþ¥�� â��� G(·) Âð� .À�îüõüÜØª �� ö���üõ �¤ �ûâþ¥�� ßþ� ,�ûÂµõ�¤�� öÀþÂµõ�¤��¥�� �� .(2001 ,�Üî) Àª��üõ Û±þ�ø �þâþ¥�� â��� �� (GEV) 2 �µê�þÝ�Þã� ß�Ú÷�Âî ¤�ÀÖõ âþ¥�� ���� ��¤�³Øþ

G(y;µ, σ, ξ) = exp

{
−
[1+ ξ(

y − µ

σ
)
]−1/ξ
+

} (1)ø (u)+ = max{0, u} ö� ¤¢ ��î ,¢��Þ�÷ Û�þÀ�±�� {y : 1 + ξ/σ(y − µ) > 0} �b �ä��Þ�¹�õ Â���¹�þ� ¤¢ .À�ª��üõ âþ¥�� ÛØª ø §��Öõ ,ü÷�Øõ ý�ûÂµõ�¤�� °��Âµ� ξ ∈ R ø σ > 0 ,µ ∈ Rø À�Ôõ üðÄþø .¢�ªüõ ù¢�¢ Çþ�Þ÷ GEV (µ, σ, ξ) ¢�Þ÷ �� �µê�þÝ�Þã� ß�Ú÷�Âî ¤�ÀÖõ âþ¥��â��� ¥� �î ,´¨� 1/p ´Èð¥�� ùb¤ø¢ �� yp ´Èð¥�� Âþ¢�Öõ ,ß�Ú÷�Âî Âþ¢�Öõ �b þÂÑ÷ ü�øÂ¡�¤�Ê� (1) âþ¥��
yp =





µ− σ
ξ [1− (− log(1− p))−ξ], ξ 6= 0

µ− σ log(− log(1− p)), ξ = 0ö����ü�õ �¤ ü�î��Ü�� ý��û��Þ�������õ â�þ¥��� ý�Â�� ´�È�ð¥��� Â�þ¢��Ö�õ ß�����»�Þ�û .À�þ�ü�õ ´�¨À�����û���Þ��þ���î���õ â��þ¥���� â������� ���� ö� �b ��Î����¤ ø mn = min{Zt : t = 1, . . . , n} Ó��þÂ��ã��� ����
2Generalized extreme value distribution 464
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�¤�Ê� P (mn−dn
cn

≤ y) → 1−G(−y)

yp =





µ+ σ
ξ [1− (− log p)−ξ], ξ 6= 0

µ+ σ log(− log p), ξ = 0ù¢�Þ÷ ü¨¤Â� �¤ üÎ¡ �b µ¿�õ� ñÀõ ¤¢ ý¤��Þû ßþ�³¨� �õ�¢� ¤¢ .(2001 ,�Üî) ¢¤ø� ´¨À�.¢�ªüõ ö��� GEV âþ¥�� ý�Â� �µê�þÝ�Þã� �b µ¿�õ� ñÀõ °ó�ì ¤¢ ö� ýÂ�ð¤�Ø� ùb�½÷ øý¤��Þû ßþ�³¨� ø üÎ¡ �b µ¿�õ� ñÀõ 1�2ü÷��¨Âð¤ ñÀõ
yi = s(xi) + ǫi; i = 1, . . . , n¤¢ D ⊆ ℜ �� ÕÜãµõ ��Àû�Èõ ý�Â� �¤ N(0, σ2ǫ ) �� âþ¥��Ýû ,ÛÖµÆõ üê¢�Ê� ý�û�Î¡ ��,À�ª��� ���Ö�µ�È�õ �ø¢ ö���� ¥� Â�þÁ��ñ�Â�Ú�µ�÷� ø ¤���Þ�û ý�â����� s(·) ��Ø�÷� Â�ê ��� .À�þÂ���Ú�� Â�Ñ�÷Û�óÀ� .Àþ�üõ ´¨À� ùÀ�÷�ø�� ý�û�Î¡ �ø¢ ý�ûö��� á�Þ¹õ ö¢Âî ���Þî ¥� ý¤��Þû ßþ�³¨�3ý¤��Þû ßþ�³¨� ý��� ´ê��û¤ ¤¢ üþ�ó¤�î ´÷�õ Óî¤�õ Â�¹÷¥ °¨��õ üÚµ¿�õ� «��¡.(2005 ,ö�¤�ØÞû ø �÷��Æ��þÂî) ¢�ªüõ ��¿µ÷� s(·) ¤��Þû â��� ýÀ��ñÀõ ý�Â� ×��î �±�¤´��� ùÂð K ø {1, x, |x− a1|3, . . . , |x− aK |3} �þ�� â���� �� ×��î �±�¤ ý¤��Þû ßþ�³¨��¤�Ê� a1 < a2 < . . . < aK

s(x) = β0 + β1x+

K∑

k=1 uk|x− ak|3 (2)ý�ûö��� á�Þ¹õ ö¢Âî ���Þî ¥� (2) ¤¢ θ = (β0, β1, u1, . . . , uK) ü÷��¨Âð¤ °þ�Â® .´¨�ùÀ�÷�ø�� ý�Î¡ �ø¢
n∑

i=1 {yi − s(x)
}2

+ λθ′Dθ (3)ø ý¤��Þû Âµõ�¤�� λ > 0 ö� ¤¢ �î ,Àþ�üõ ´¨À�
D =


 o2×2 o2×K
oK×2 Ω




3Smoothing spline 465
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý���û���þ�¤¢ ���� ü��þ���ûÅ��þÂ������õ oK×2 ø o2×K ,o2×2 ���Ø��þ ¤���Î��� . �́�̈ � ùÀ�����÷�ø���� Å��þÂ������õ¤�¢Â�� y = (y1, . . . , yn)′ Â�ð� . �́̈ � |ai − aj | ��(i, j) �b �þ�¤¢ ��� K ×K Å�þÂ����õ Ω ø Â�Ô�¬ø (1 xi)
′ Ó�þ¢¤ ß���õ� i ��� °����Â�µ�� ZK ø X �Â�Ï ý��ûÅ�þÂ����õ ø ¾�¨��� ��À�û��È�õ

σ2ǫ �Î¡ Å÷�þ¤�ø Â� Ý�ÆÖ� �� ö���üõ �¤ (3) �bÎ��¤ ,À�ª�� (|xi − a1|3, . . . , |xi − aK |3)′:¢�Þ÷ ÛþÀã� Âþ¥ �¤�Ê�1
σ2ǫ ||y −Xβ −ZKu||2 +

λ

σ2ǫ u′ΩuÛÖµÆõ ¤�¢Â� �Ø÷� Âê ø Z = ZKΩ−1/2 ø b = Ω1/2u ,σ2u = σ2ǫ /λ ö¢�¢ ¤�Âì �� ñ��üÎ¡ �b µ¿�õ� ñÀõ °ó�ì ¤¢ ×��î �±�¤ ý¤��Þû ßþ�³¨� ,´¨� ñ�õÂ÷ âþ¥�� ý�¤�¢ (u′, ǫ′)′�¤�Ê�
y =Xβ +Zb+ ǫ, Cov


 b

ǫ


 =


 σ2b IK o

o σ2ǫ In ùÀ�÷�ø�� üþ�Þ�µ¨¤¢ �±ª ¢¤ø�Â� �þ üÎ¡ °þ¤��÷ ß��Ç�� ßþÂµú� Í¨�� ø ´¨� ö��� Û��ìö�Øõ� �¤�¬ ¤¢ ý¤��Þû ßþ�³¨� ü¨ø�ð Â�è ��Àû�Èõ ý�Â� .¢�ªüõ ©¥�Â� ��Àû�Èõ ��ÛØÈõ Û�óÀ� ñ�� ßþ� �� .Àþ�üõ ´¨À� ùbÀ�÷�ø�� üþ�Þ�µ¨¤¢ Ýµþ¤�Úó â��� ö¢Âî ���È�� ¥�ý�Â� °¨��õ üþ�ûß�È�� ß��ã� �� ý��� ´ê��û¤ ,ß�Ú÷�Âî Âþ¢�Öõ ý�Â� üþ�Þ�µ¨¤¢ â��� °þÂÖ�.¢ø ¤üõ ¤�Ø� ß�Æ� âþ¥�� ¥� ý¥�¨��±ª Í¨�� ü÷��¨Âð¤ °þ�Â® ø âþ¥�� ý�ûÂµõ�¤��íÀ�� ß�õ��ak = (k + 1)/(K + 2) ¥� ù¢�Ôµ¨� �ûùÂð ß��ã� ý�Â� °¨��õ ©ø¤ ×þý�µØþ Âþ¢�Öõ ¢�Àã� ö���ã� T ÓþÂã� �� .Àª��üõ k = 1, . . . ,K ý�Â� �µØþ ý�û xi ý��÷�Þ÷.(2002 ,�Â��¤)Àþ�üõ ´¨À� K = max{5,min{14 × T,40}} �bÎ��¤ ¥� K ¤�ÀÖõ ,�ûxi�¤�Ê� ü¨ø�ð üê¢�Ê� ��Â�� �� GEV âþ¥�� ü÷�Øõ Âµõ�¤�� ý�Â� �µ¿�õ� ñÀõ
yi|β,u, σ, ξ ∼ GEV (µi = (Xβ +Zu)i, σ, ξ), u|G ∼ N(o,G), i = 1, . . . , n (4)��Â��� ¤�¢Â�� u ,ü�Î�¡ ��Â��� °�þ�Â�® ¤�¢Â�� β ,�Â�Ï ý��ûÅ�þÂ����õ Z ø X ö� ¤¢ ��î ,´�¨�ýÀ����ñÀ�õ .À���ª���ü�õ Å�÷��þ ¤���î Å�þÂ����õ G = σ2uI ø Â�Ô�¬ ý��û��þ�¤¢ ��� ¤�¢Â�� o ,ü�ê¢��Ê��ö��� Âþ¥ �¤�Ê� (4) �b µ¿�õ� ñÀõ °ó�ì ¤¢ ö���üõ �¤ ý¤��Þû ßþ�³¨� �� ß�Ú÷�Âî Âþ¢�Öõ:¢�Þ÷

(Xβ +Zu)i = β0 + β1xi + K∑

k=1 uk|xi − ak|3, i = 1, . . . , n466
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X =

( 1 xi

)1≤i≤n , Z =

[
|xi − ak|3]1≤i≤n,1≤k≤K ,

Cov(u) = σ2uIK
ß�Ú÷�Âî Âþ¢�Öõ ý��� Û�Ü½� 3üó�Ú� â���� ø C = [X , Z] �ÂÏ ÅþÂ��õ �� üê¢�Ê� ø ´��� ��Â�� ¤�¢Â� ν ′ = [β′ , u′] Âð�°��Âµ� ��Àû�Èõ ø üê¢�Ê� ��Â��

f(u;σ2u) = (2πσ2u)−K/2 exp{− ||u||22σ2u }, ø
f(y|u,β, σ, ξ) =

n∏

i=1 1σ{1− ξ
( (y −Cν)i

σ

)}−1/ξ−1
× exp

{
−
{1− ξ

( (y −Cν)i
σ

)}−1/ξ}
,â��� ö¢Âî ÝÞ�Æî�õ ¥� �ûÂµõ�¤�� ¢¤ø�Â� �� f��Þãõ ß�Ú÷�Âî Âþ¢�Öõ Û�Ü½� ø ñÀõ ©¥�Â� ,À�ª��üþ�Þ�µ¨¤¢

L(β, σ, ξ, σ2u) = f(y;β, σ, ξ, σ2u) = ∫
R

f(y|u,β, σ, ξ)f(u;σ2u)du,.(2008 ,À÷�ø ø öøÀ�) ¢Â�ðüõ ��¹÷� û = E(u|y) ß��Ç�� �� üê¢�Ê� ��Â�� ü���Ç�� øù¢�Ôµ¨� �� ö���üõ .´¨� ùÀ�»�� ý�ûñ�ÂÚµ÷� �±¨�½õ À�õ¥��÷ u ø �ûÂµõ�¤�� üþ�Þ�µ¨¤¢ ¢¤ø�Â�ß�Æ� âþ¥�� ¥� üþ�ó¤�î ́ ÷�õ Óî¤�õ Â�¹÷¥ �� ý¥�¨��±ª ø ý��� ´ê��û¤ ¥�
p(β,u, σ, σ2u , ξ|y) ∝ f(y|u,β, σ, ξ)f(u;σ2u)π(β)π(σ)π(ξ)π(σ2u )�� ý¤��Þû ßþ�³¨� ,�ûÂµõ�¤�� ý�Â� °¨��õ üþ�ûß�È�� ß��ã� �� .Àõ� Õ��ê ÛØÈõ ßþ� Â��� .¢�ªüõ ©¥�Â� ��Àû�Èõ �� 4üªÂ� ýÂ�ð�÷�Þ÷ Ýµþ¤�Úó� �b Ü�¨�� Óî¤�õ Â�¹÷¥ ý¥�¨��±ª

4Slice sampling 467
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�ÜÿÆõ ´¨� �¥� ý��� ¯�±�µ¨� ��¹÷� ý�Â� ,üê¢�Ê� ��Â�� ø ��Àû�Èõ üó�Ú� â��� ¼þÂÊ�.¢Â�ð ¤�Âì ü¨¤Â� ¢¤�õ �ûÂµõ�¤�� ý�Â� ß�È�� ��¿µ÷�´÷�õ Óî¤�õ Â�¹÷¥ ý�û©ø¤ ø Àª�±÷ ¤��µ¡� ¤¢ �ûÂµõ�¤�� ¢¤�õ ¤¢ ü��È�� ��ä�Ï� üµìø��ä�Ï� �b ±Üè f��Þãõ ,¢ø¤ ¤�Ø� ü��±¨�½õ ý�û´þ¢øÀ½õ ö¢�Þ÷ éÂÏÂ� ý�Â� f�êÂ¬ üþ�ó¤�îý�ûß�È�� ¥� �¹�µ÷ ¤¢ .¢¤�¢ ´�½�¤� �ûß�È�� ��ä�Ï� Â� üþ�Þ�µ¨¤¢ â��� ¤¢ ��Àû�ÈõÝû�Âê �¤ üÖ�ì¢ ��ä�Ï� üþ�Þ�µ¨¤¢ â��� �Ø�÷�õ¥ ñ�� ßþ� �� .¢�ªüõ ù¢�Ôµ¨� Ç¿�üû�ð��÷,ö�¤��Ø�Þ�û ø �Â�±�Þ�ó) ¢¤�¢ ¯��±���µ�̈ � Â�� ü�þ���Æ�� Â������� Ç�¿��ü�û��ð ���÷ ß���È���� ×�þ ü�µ�� À���Ø�÷ý��ûÅ�÷��þ ¤�ø ��� ýÂ�Î�ì F Å�÷��þ ¤���î Å�þÂ����õ ö� ¤¢ ��î ,N(o,F ) ñ��õÂ�÷ â�þ¥��� .(2005��Â�� °þ�Â® ý�Â� Ç¿�üû�ð��÷ ß�È�� âþ¥�� ö���ä �� ñ�Þãõ ��¿µ÷� ×þ ,´¨� ï¤��â�þ¥��� ö¢��� Ý�ú�±�õ ý�Â�� A ï¤��� Â�þ¢��Ö�õ ��� ����÷ U(−A,A) �́¡�����Ø�þ â�þ¥��� .À�ª���ü�õ �́����.(2006 ,ßÞÜð) ´¨� �û β ý�Â� ÂÚþ¢ ü��¿µ÷� ß�È��ø �Â�±�Þ�ó . �́̈ � ¤�¢¤��¡Â�� ýÂ�µ�È���� �́��Þ�û� ¥� Å�÷��þ ¤�ø ý��ûÂ�µ�õ�¤��� ý�Â�� ß���È���� ���¿�µ�÷�,´¡���Øþ ý�ûâþ¥�� ¢ÂØÜÞä ü±��Âõ �ÜÆÜ¨ ñÀõ ¤¢ §��Öõ Âµõ�¤�� ý�Â� (2005) ö�¤�ØÞûÀ�µê�þ¤¢ �ú÷� .À÷¢�Þ÷ �Æþ�Öõ ý¥�¨��±ª �b ãó�Îõ �� �¤ ×�µÆ¹ó ø ��¤�� ,�õ�ð ,ñ�õÂ÷ �Þ�÷��� ��õ� ù¢��±�÷ �ø��Ô�µ�õ Í�þ�Â�ª ¤¢ ýÂ�µ�ú�� �b �¹���µ�÷ ý�¤�¢ ß���È���� ý��ûâ�þ¥��� ß�þ� ¥� ��À�îº���û ��î��Â�� üµìø .À��þüõ Çû�î ß�È�� á�÷ ��¿µ÷� Â�� ü±��Âõ �ÜÆÜ¨ ñÀõ ¤¢ �ûÀ��ø Çþ��ê�¢¤�À÷�µ¨� ý�û��¿µ÷� �� ,IG(a, b) ,§�Øãõ ý�õ�ð âþ¥�� ,À�µÆû ñ�õÂ÷ âþ¥�� ý�¤�¢ üê¢�Ê�´¨� ýÂÚþ¢ ��¿µ÷� ǫ = 1,0/1,0/01,0/001 Âþ¢�Öõ ý�Â� a = 1, b = ǫ �þ a = b = ǫÀû��¡ ùÂ¨�÷ �ûÂµõ�¤�� ß�Æ� âþ¥�� ǫ ×��î üÜ�¡ Âþ¢�Öõ ý�Â� .(2001 ,Ù÷� ø Â�õÂúê)�� §�Øãõ ý�õ�ð ø ´¡���Øþ âþ¥�� �� �Æþ�Öõ ßÞ® �¤ Éì�÷ t âþ¥�� (2006) ßÞÜð .Àªø B §��Öõ Âµõ�¤�� �� Éì�÷ ýt âþ¥�� ùb¢��÷�¡ .¢Âî ¢�ú�È�� Ç¿�üû�ð� �Þ�÷ âþ¥�� ö���ä:�¤�Ê� ν ý¢�¥� �b�¤¢
p(σ2) ∝ (1+

1
ν
(
σ

B
)2)−(ν+1)/2��¹���µ�÷ �¤ ùÂ�¨ ü�È�î ø ´�¡�����Ø�þ ý��ûâ�þ¥��� °����Â�µ�� ν = 1 ø ν = −1 ý�¥� ��� ��î ,´�¨�.Àû¢üõ�Üî) ¢¤�À÷ ¢��ø ß�Ú÷�Âî ¤�ÀÖõ âþ¥�� ý�ûÂµõ�¤�� ý�Â� �ø¢�õ ß�È�� âþ¥�� �î üþ�¹÷� ¥�ø ÛØª Âµõ�¤�� ý�Â� �µ� ø ùÀª ùÀþÂ� ñ�õÂ÷ ,´¡���Øþ ß�È�� ý�ûâþ¥�� ,(1996 ,ñø�� øÂµõ�¤�� ý�Â� §�Øãõ ý�õ�ð ø (2006 ,ßÞÜð) Éì�÷ ýt ý�ûâþ¥�� ùb¢��÷�¡ ¥� üÈî âþ¥��Â� ü÷�Øõ Âµõ�¤�� ¥� ÛÖµÆõ ��÷ �¤ §��Öõ Âµõ�¤�� ö���üõ ß��»Þû .¢�ªüõ ��¿µ÷� §��Öõ.¢�Þ÷ ýÀ��ñÀõ ü���±� ý�ûÂ�çµõ °Æ�468
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ö�Âú� ¤¢ ö¥� ý�ûß�Ú÷�Âî Û�Ü½� 4ùÀª ���¤� üãì�ø ý�ûù¢�¢ ý�Â� ü��Ú÷�Âî ý�û¾¨�� �� �µ¿�õ� ý�ûñÀõ ¢Â�¤�î Ç¿� ßþ� ¤¢ßþ�³¨� ßµêÂðÂÑ÷ ¤¢ �� ö�Âú� ö¥� ý�ûù¢�¢ ß�Ú÷�Âî Â� ö�õ¥ Â�çµõ Â�� ñ�·õ ßþ� ¤¢ .´¨�.¢�ªüõ ü¨¤Â� ö¥� �b ÷�û�õ ý�û�Þ���õ âþ¥�� ü÷�Øõ Âµõ�¤�� ý�Â� ý¤��Þû�� �ûÀ�þ�Âê ßþ� .¢�ªüõ Û¬�� �� ¤¢ �ø�Ôµõ üþ��Þ�ª�µê ý�ûÀ�þ�Âê Â�� ¤¢ (O3) ö¥�¢ø¤üõ ¤�Ñµ÷� ñ�·õ ö���ã� .À�µÆû üþ��ê�Âç� �b ÖÎ�õ Â� Ýî�� üÞ�Üì� Íþ�Âª Â���� ´½� �Àª.(2004 ,´�Þ¨� )Àª�� ýÂµÈ�� ´ÑÜè ý�¤�¢ ö�µÆ��� ¤¢ ¢�� öøÀ� ü��µê� ¥ø ¤ ×þ ¤¢ ö¥��î üþ�¹÷� ¥� .´¨� ùÀª ùÀ�î�Â� �� ÂÔ¨��øÂ� ø ÂÔ¨���Âµ¨� ý�û�þ� ¤¢ ßÚÞû�÷ �¤�Ê� ö¥�ýÂÔ¨���Âµ¨� ö¥� �b þ� ,ö¥� ¥� ����÷ ßþ� ´¨� ùÀª âì�ø ÂÔ¨���Âµ¨� ¤¢ �� ö¥� ÝÑä� ´ÞÆì¥øÂ� ¢�¡ ¥� �� ¤¢ �¤ �ø�Ôµõ ÇÖ÷ ø¢ ýÂÔ¨���Âµ¨� ö¥� ø ýÂÔ¨��øÂ� ö¥� .¢�ªüõ ùÀ�õ�÷ùÀ���õ��÷ À���Ô�õ ö¥� ùÀ�ª À���ª¤��¡ Â�Ì�õ ý��û��ã�ª� Ç����� â�÷��õ ��î ýÂ�Ô�̈ ����Â�µ�̈ � ö¥� .À���û¢ü�õù¢�ó� ü���÷ ¤¢ ¥ø¤ ñ�Ï ¤¢ �î ´¨� üÞ¨ ¥�ð ,ýÂÔ¨��øÂ� ö¥� ,À�Ôõ ö¥� Û��Öõ ¤¢ .¢�ªüõö¥� �¤ ö� Âþ¢�Öõ ÂµÈ�� �î üÜî ö¥� ý�ù¤��û�õ ý�ûù¢�¢ .¢�ªüõ À�ó�� ýÂúª ÕÏ��õ Û·õ
GEV â�þ¥��� ©¥�Â�� Å�³�̈ ø ��÷��û��õ ý��û��Þ�������õ ��Â�¿�µ�̈ � ý�Â�� ,ù¢�¢ Û���Ø�È�� ýÂ�Ô�̈ ����Â�µ�̈ �.¢�ªüõ ù¢�Ôµ¨� âþ¥�� ü÷�Øõ Âµõ�¤�� ý�Â� ý¤��Þû ßþ�³¨� ßµêÂð ÂÑ÷ ¤¢ �� Âþ¢�Öõ ßþ� ����� 1384 ´�þ��ç�ó 1375 ñ��¨ ¥� ��÷�¥ø ¤ �¤��Ê�� ö�Â�ú�� Â�ú�ª ü�Ü�î ö¥� ý�ù¤���û��õ ý��ûù¢�¢¤�À�Ö�õ ¥� Â�µ�Þ�î ö¥� Â�þ¢��Ö�õ ��î ö� Û���ó¢ ��� . �́̈ � ùÀ�þ¢Â�ð �́±�� 5 ��̈ ��÷ �́þ��̈ ¤¢ ß�Æ���¢ À���øö¥� �þ� öÀª í¥�÷ ý�Â� ýÀþÀú� ø üð¢�ó� ¢��ø �b ÷�È÷ À÷���üõ ßÆ��¢ À��ø 220 ý¥Âõ��µ�êÂ�ð Â�Ñ�÷ ¤¢ ��ûù¢�¢ ß�þ� �b �÷��û��õ ý��Þ�������õ ,ü�����Ú�÷�Â�î ý��û¾�̈ ��� ý¤��õ� Û���Ü�½�� ý�Â�� ,À�ª���114 �÷�û�õ ý�û�Þ���õ á�Þ¹õ ¤¢ �î Àª °��õ ùÀÈÞð ý�ûù¢�¢ ¢��ø ß��»Þû .¢�ªüõ¤�Ì� ¤¢ ö� À÷ø¤ ß��ã� ø �� À�Ôõ ö¥� ��Â��ç� ü¨¤Â� ý�Â� ßþ�Â���� .¢�ª ��Â¿µ¨� ù�õø üÎ¡ �b µ¿�õ� ñÀõ ¥� ù¢�Ôµ¨� �� ö�Âú� Âúª üÜî ö¥� �÷�û�õ ý�û�Þ���õ ö�õ¥ ü���±� Â�çµõ�¤�Ê� ùÂð K = 10 �� ý¤��Þû ßþ�³¨�

yi|β,u, σ, ξ ∼ GEV (µi, σ, ξ)

µi = β0 + β1Dayi + 10∑
k=1 uk|Dayi − kk|3, i = 1, . . . ,114

5http://toms.gsfc.nasa.gov/eptoms/ep v8 469
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�÷�û�õ ý�û�Þ���õ Ç�î�Â� ¤�¢�Þ÷ (�) ,ý¤��Þû ßþ�³¨� â��� ¢¤ø�Â� ¤�¢�Þ÷ (Óó�) :1 Û Øª¥ø¤ ü���±� Â�çµõ Û��Öõ ¤¢ %95 ö���ÞÏ� ¤��÷ ø ùÀª ©¥�Â� ü�½�õ ,ö¥�:À÷�ùÀª ��¿µ÷� Âþ¥ ß�È�� ý�ûâþ¥�� ��Àû�Èõ �� ñÀõ ©¥�Â� ý�Â� .À÷�ªüõ ýÀ��ñÀõ
β0, β1 ∼ N(0,104), uk ∼ N(0, σ2u)
σ ∼ IG(0/1,0/1), ξ ∼ U(−0/5,0/5)Â���¹�÷¥ ¥� 5000 Ý�¹�� ��� ý���÷��Þ�÷ §��̈ �Â�� σ2u ý�Â�� §��Ø�ã�õ ý��õ��ð ß���È���� ��� ë��ê ñÀ�õ��À�û��È�õ ��� Ý�µ�Æ���� Â���¡��� ø 50000 öÀ���è�¢ �b �Ü��Â�õ ,150000 ¤�Â�Ø�� ��� ùÀ�ª ý¥��̈ ����±�ªß�È�� ý�Â� �ûÂµõ�¤�� Âþ�¨ ß�Æ� âþ¥�� öÀª ùÂ¨�÷ ø Â�¹÷¥ üþ�ÂÚÞû ¤¢ Â�¡�� .Àþ¢Âð ©¥�Â�Â�¹÷¥ üÚµ¿�õ� Â� °¨��õ Â�� �� U(0,10) ß�È�� ßµêÂð ÂÑ÷ ¤¢ °��õ σ2u §�Øãõ ý�õ�ð´�¡�����Ø�þ ß���È���� ��� ý����� Û���Ü�½�� ö��Æ�Ø�þ Â���¡��� ø öÀ���è�¢ �b �Ü��Â�õ ,¤�Â�Ø�� ��� ��¹���µ�÷ ¤¢ .À�ª1 ÛØª �� ���� �� ö�Âú� Âúª ö¥� �b ÷�û�õ ý�û�Þ���õ ý��� Û�Ü½� .Àþ¢Âð ¤�ÂØ� σ2u ý�Â�Óó��1 ÛØª ¤¢ ö�Âú� ö¥� ý�û�Þ���õ GEV âþ¥�� ü÷�Øõ Âµõ�¤�� .´¨� �µØ÷ À�� ÂÚ÷���Ç���î�Â�� ¤�¢��Þ�÷ ��1 Û�Ø�ª .À�û¢ü�õ ö��È�÷ ö��õ¥ Â���Â�� ¤¢ �¤ ü�È�û��î Å�³�̈ ø ü�È�þ���ê� À�÷ø ¤�b Ü�¨�� ùÀª ¢¤ø�Â� ñÀõ ü�½�õ Â�Í¡ ¤�¢�Þ÷ ßþ� ¤¢ ,Àû¢üõ ö�È÷ �¤ ö¥� �b ÷�û�õ ý�û�Þ���õ�¤ ý��� %95 ö���ÞÏ� ¤��÷ ß��Í¡ ø ��Àû�Èõ �� ü±¨��õ ©¥�Â� ß�Æ� âþ¥�� ß�Ú÷��õù�ÂÞû üÈþ��ê� À÷ø ¤ �� ö¥� �b ÷�û�õ ý�û�Þ���õ ¢�ªüõ �Ñ��õ �î ¤�Î÷�Þû .Àû¢üõ ö�È÷�b ÷�û�õ ý�û�Þ���õ ,ö�µÆ��� ¥� ¤Áð �� .À¨¤üõ ¤�ÀÖõ ßþÂµÈ�� �� ö�µÆ��� ¤¢ À÷ø ¤ ßþ� ø ´¨�.À¨¤üõ ¢�¡ ¤�ÀÖõ ßþÂµÞî �� ÛÊê ü÷�þ�� ý�û¥ø¤ ¤¢ üÈû�î À÷ø ¤ �� ö¥�470
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ü�Î�¡ ü�÷����̈ Â�ð¤ ñÀ�õ ��� ��Æ�þ��Ö�õ ¤¢ ý¤���Þ�û ß�þ��³�̈ � ñÀ�õ ´�±�̈ ����õ ü�̈ ¤ Â�� ¤��Ñ���õ ���ù¢��Ô�µ�̈ � (2002 ,ö�¤��Ø�Þ�û ø Â�µ�ó��ûÙ���³�̈ �) (DIC) 6é�Â�½�÷� á��Ï� í��õ ¥� �́���� ñÀ�õ øü�Î�¡ ø GEV (µ, σ, ξ) ´����� ñÀ�õ ø¢ ý�Â�� ö��Æ�Ø�þ Í�þ�Â�ª ��� ý����� Û���Ü�½�� .´�¨� ùÀ�ªý�¤�¢ ñÀõ ¥�¨¤��Þû ø üÎ¡ ,´��� ñÀõ �¨ ß�� ¥� ø ¤�ÂØ� GEV (µi = β0 + β1xi, σ, ξ)ß�þ��³�̈ � ��� ��µ�¿���õ� ñÀ�õ ¢��ªü�õ ��Ñ����õ ��î ¤��Î�÷��Þ�û .¢��ªü�õ ���¿�µ�÷� DIC ß�þÂ�µ�Ø����î.Àª��üõ ñÀõ �¨ ß�� ¤¢ DIC ¤�ÀÖõ ßþÂµØ��î ý�¤�¢ ý¤��ÞûñÀõ DIC´��� 3037üÎ¡ 3029ý¤��Þû ßþ�³¨� 2952.é�Â½÷� á�Ï� í�õ Âþ¢�Öõ .1 ñøÀ�
ýÂ�ð�¹�µ÷ ø ¶½� 5Û�Ü½� ý�Â� ý¤��Þû ßþ�³¨� ¥� ù¢�Ôµ¨� �� �µê�þÝ�Þã� üÎ¡ �b µ¿�õ� ý�ûñÀõ �ó�Öõ ßþ� ¤¢��¹÷� ø �µ¿�õ� ñÀõ �� ý¤��Þû ßþ�³¨� ö��� .Àª �µêÂð ¤�Ø� ý��� ´ê��û¤ �� ö¥� ý�ûù¢�¢üµ��Â� ü��Ú÷�Âî ý�û¾¨�� Â� ùÀ�»�� ü���±� ý�ûÂ�çµõ ��Â�� ý�Â� ý��� ´ê��û¤ �� ¯�±�µ¨�ø ý¤��Þû Âµõ�¤�� ¢¤ø�Â� ý�Â� üªø¤ �� ¥��÷ ýÀõ�Æ� ´ê��û¤ ¤¢ �î ü�¤�¬ ¤¢ .´êÂð ��¹÷�¥� üÌã� ý�¥� �� üþ�Þ�µ¨¤¢ ý�ûÂð¢¤ø�Â� ö¢�±÷ ¢���õ ß��»Þû .´¨� ö� üµ¨¤¢ ß��ã�Ý�Þã� .¢�Þ÷ Ýû�Âê �¤ �ó�Öõ ßþ� ¤¢ ý��� ´ê��û¤ ¥� ù¢�Ôµ¨� ý�Â� ý�ù��Ú÷� ÛØª Âµõ�¤�� Âþ¢�ÖõÛ�Ü½� ,ÂÚþ¢ ß�È�� ý�ûâþ¥�� ü¨¤Â� ,ö� ´±¨��õ ü¨¤Â� ø âþ¥�� §��Öõ Âµõ�¤�� �� ñÀõ¤��Þû ��Â�� ü¨¤Â� ¤��î ¤¢ üþ�Ìê ø ö�õ¥ �b Ôó�õ ýÂ�ð¤�Ø� ø �ûß�È�� ßþ� �� ñÀõ ´�¨�Æ�Û��Æõ �ÜÞ� ¥� �µê�þÝ�Þã� �b µ¿�õ� ý�ûñÀõ ÛØª �� �ú÷� ßµêÂð ÂÑ÷ ¤¢ �� ü���±� ý�ûÂ�çµõ.¢¤�¢ ÂµÈ�� �ãó�Îõ �� ¥��÷ �î ´¨� ýÂÚþ¢ Ýúõ

6Deviance information criteria 471
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