
6£x6 x:�x>����½̈ ]j 21�Ý¶ 1 ñ, 2008�̧�, pp. 109–123


�æ{ <M
gæÕlé \�ÕxíU[� { ]�+úÒ �¦�_Ù∗

S!��B���1) ���l�{9�2)

¹כ ���

ú́§�Ér�èt�%i�ÆÒ&ñ
|¾Ós�]jîß�÷&%3�Ü¼ 9,²DG?/ü@\�"f�èt�%i�ÆÒ&ñ
\��'aô�Ç ú́§�Ér���½̈�����

'��÷&�¦ e����. ¢̧ô�Ç �èt�%i� ÆÒ&ñ
|¾Ó_� :£¤$í
õ� ÄºÃº$í
�̀¦ q��§�l�0Aô�Ç q��§:�x>�|¾Ó�̧ ���½̈

÷&�¦ e����. l��>r_� �èt�%i� ÆÒ&ñ
|¾Ó�Ér MSE(Mean square error)\�¦ þj�è�o�#� %3�#Qt� 9,

s�\� ���� ÆÒ&ñ
|¾Ó_� ÄºÃº$í
�̧ MSE\�¦ l�ï�rÜ¼�Ð óøÍéß���¦ e����. �:r �7Hë�H\�"f��H þj��H Dh

\�v>� F��̧"î
 ÷&�¦ e����H MSPE(Mean square percentage error)\�¦ þj�è�o���H ÆÒ&ñ
|¾Ó�̀¦

]jîß��%i���. ���l�{9� 1px (2007)\�"f ��6 x�)a q��§:�x>�|¾Óõ� MSE Õªo��¦ MSPE\�¦ s�6 x�

#� ]jîß��)a ÆÒ&ñ
|¾Óõ� l��>r_� �èt�%i� ÆÒ&ñ
|¾Ó�̀¦ q��§�%i���.

ÅÒ¹6כ x#Q: �èt�%i�:�x>�, /BNçß�:�x>�, »¡¤�è\V8£¤|¾Ó(Shrinkage predictor), MSPE(Mean square
percentage error).

1. "V*́0

@/ÂÒì�r_� ³ð�:r�̧�� ��«Ñ��H ���²DG ½©�̧_� 8úx>��� î̈
ç�H�̀¦ ÆÒ&ñ
�l� 0Aô�Ç �Ü¼�Ð	כ [O�>�÷&#Q,
³ð�:r[O�>� r� �¦�9÷&t� ·ú§��¤~�� �Ð�� ����Ér éß�0A_� t�%i�\� @/ô�Ç _�p�e����H ÆÒ&ñ
°ú̀�כ¦ ½̈���H �	כ

�Ér/'î�r{9�s���m���.Õª�Q�� ú́§�Ért�~½Ó��u�éß��̂1px�Ér_�p�e����H�èt�%i�ÆÒ&ñ
°ú̀�כ¦"é¶��¦e��
Ü¼ 9 s�\� ú́���H :�x>�&h� ÆÒ&ñ
l�ZO�s� ¹כ��9�>� �)a��. s�XO�>� ³ð�:r[O�>� r� >�S\�÷&t� ·ú§�Ér t�
%i� ¢̧��H%ò
%i�\��'aK�ÆÒ&ñ
��¦��½+ÉM:s�6 x÷&��H:�x>�&h�ÆÒ&ñ
~½ÓZO�s��èt�%i�ÆÒ&ñ
s��� (Rao,
2003). ú́§�Ér :�x>� ������²DG�Ér s�p� �èt�%i� ÆÒ&ñ
\� �'aô�Ç ���½̈ ���õ�\�¦ »¡¤&h���¦ e��Ü¼ 9, þj��H
²DG?/\�"f�̧ �̂�²ú� ñü< �̂�z���B (2002), Kimõ� Choi (2004)ü< °ú s� �èt�%i� ÆÒ&ñ
\� �'aô�Ç ���½̈
�� �Ö̧µ1Ïy� ���'��÷&�¦ e����.
#��Q �èt�%i� ÆÒ&ñ
|¾Ós� µ1Ï³ð÷&%3�t�ëß� ���Ér :�x>� ì�r��ü< ��ðøÍ��t��Ð �èt�%i� ÆÒ&ñ
ZO�\�"f

�̧ MSE(Mean square error)\�¦þj�è�o���HÆÒ&ñ
|¾Ó�̀¦��6 x��¦e����.����"f ú̧� ·ú��9�����%	כ
!3�, s��Qô�Ç �èt�%i� ÆÒ&ñ
|¾Ó�Ér y�� �èt�%i�_� ß¼l�\� �©��'a\O�s� °ú �Ér ß¼l�_� �̧	� ¢̧��H 1pxì�ríß�
$í
�̀¦ ���]j�Ð ���H �s� 9	כ {9�ìøÍ&h�Ü¼�Ð 	�H Áºo�\O�s� ��6 x÷&�¦ e����.
s�]j ô�Ç²DG_� @/³ð&h���� �èt�%i�s��� ½+É Ãº e����H r�.ç�H.½̈\�¦ �¦�9K��Ð��. {9�ìøÍ&h�Ü¼�Ð s�[þt

_� ß¼l���H B�Äº 	�H 	�s�\�¦ �Ðs��¦ e����. "fÖ�¦ y©�z��½̈_� ���½̈ü< t�~½Ó ����Ér ç�H_� ���½̈\�¦ q��§
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���� Õª ß¼l�_� 	�s�\�¦ ·ú� Ãº e����. s�XO�>� 	�H ß¼l�_� 	�s��� e���̀¦ M:, °ú �Ér ß¼l�_� �̧	�\�¦
��&ñ
�#� %3�#Q��� ÆÒ&ñ
_� ���õ�\�¦ [O�"î
�l�\���H M:�Ð #Q�9¹¡§s� e���̀¦ Ãº e����. \V\�¦ [þt#Q ���
½̈ 10ëß� "î
��� A �èt�%i�õ� ���½̈ 50ëß� "î
��� B t�%i�_� z�́\O���\�¦ ÆÒ&ñ
ô�Ç���¦ ��&ñ
���. A t�%i�
_� z�́\O��� Ãº��H 5,000"î
, B t�%i�_� z�́\O��� Ãº��H 25,000"î
s��� ���. Õªo��¦ 1pxì�ríß�$í
�̀¦ ��
&ñ
�#� z�́]j �̧	���H y�� 4,000"î
s��� ���. Õª�Q��� A t�%i�_� �̧	� q�Ö�¦�Ér 80%�� |̈c �¦��s	כ
B t�%i�_� �̧	� q�Ö�¦�Ér 16%�� |̈c �.���s	כ �̧	� q�Ö�¦ 80%\�¦ ÅÒ��H :�x>���H A t�%i�\� ����H r�
���[þt\�>� e��#Q ±ú�1pq½+É ëß�ô�Ç Ãºï�r_� :�x>����¦ ú́��l��� #Q�9Ö�¦ �.���s	כ s��Qô�Ç �&³�©��Ér MSE
\�¦ l�ï�rÜ¼�Ð Ùþ¡�̀¦ M: ���]j�� µ1ÏÒqt½+É ��0px$í
s� e����. {9�ìøÍ&h�Ü¼�Ð �̧��H ��«Ñ\�"f �̧	� q�Ö�¦
s� �������� [O�"î
\� 	�H #Q�9¹¡§s� \O��̀¦ �.���s	כ Õª�Q�� ß¼l��� ����Ér t�%i�\�"f �̧	� q�Ö�¦s� ß¼
>� ������ K�$3�\� #Q�9¹¡§s� e������� s�\�¦ �FG4�¤�l� 0Aô�Ç ~½ÓZO�s� 9 �¹כ��9, MSPE�� @/îß�s�
|̈c Ãº e���̀¦ �.���s	כ
Óüt�:r 1pxì�ríß�$í
 ��&ñ
�Ér �̧��H �èt�%i� ÆÒ&ñ
ZO�\� &h�6 x÷&t� ·ú§��H��. 1pxì�ríß�$í
 ��&ñ
�Ér [O�>�l�

ìøÍÆÒ&ñ
���f��]X�,½+Ë$í
Õªo��¦4�¤½+ËÆÒ&ñ
ZO�\�"f��6 x�)a��. ¢̧ô�Ç �̧+þAl�ìøÍÆÒ&ñ
ZO�����r)ì�r$3�
ÆÒ&ñ
ZO�, /BNçß� ÆÒ&ñ
ZO� 1px\�"f ��6 x�)a��. þj��H �èt�%i� ÆÒ&ñ
ZO�Ü¼�Ð ÄºÃºô�Ç ���õ�\�¦ ÅÒ�¦ e����H
�â
+«>&h� Z�s�Ý¼ ÆÒ&ñ
ZO�(Empirical Bayese estimation)õ� >�8£x&h� Z�s�Ý¼ ÆÒ&ñ
ZO�(Hierarchical
Bayese estimation) 1px�Ér s��Qô�Ç ��&ñ
�̀¦ �t� ·ú§�¦ e��Ü¼ 9 ¢̧ô�Ç Fay-Herriot �̧+þA (Fayü<
Herriot, 1979)�Ér y�� t�%i�_� s�ì�ríß�$í
�̧ ��&ñ
��¦ e����. ����"f s�[þt ÆÒ&ñ
|¾Óõ� MSPE\�¦ ��
�½ÓÜ¼�Ð ]jîß��)a ÆÒ&ñ
|¾Ó�̀¦ &h�]X�y� Ö6x½+Ë���H Dh�Ðî�r ~½ÓZO��̧ ���½̈½+É ��¹כ��9 e����.
�:r �7Hë�H\�"f��H MSPE(Mean square percentage error)\�¦ l�ï�rÜ¼�Ð �#� %3�#Qt���H ÆÒ&ñ
|¾Ó

�̀¦]jîß��%i���. ¢̧ô�Ç���l�{9�1px (2007)\�"f��6 xÙþ¡~��q��§:�x>�|¾Ó�̀¦l�ï�rÜ¼�Ð MSPE\�¦s�6 x
ô�Ç Dh�Ðî�r �èt�%i� ÆÒ&ñ
|¾Óõ� l��>r_� �èt�%i� ÆÒ&ñ
|¾Ó�̀¦ q��§�%i�Ü¼ 9 MSEü< MSPE\�¦ s�6 x
ô�Ç q��§�̧ �<Êa� z�́r��%i���.
�:r �7Hë�H_� ½̈$í
�Ér ��6£§õ� °ú ��. 2]X�\�"f��H ]jîß��)a l��>r_� ÆÒ&ñ
|¾Óõ� MSPE\�¦ l�ï�rÜ¼�Ð

�#�%3�#Qt���HÆÒ&ñ
|¾Ó\�@/�#�¶ú�(R�Ð��¤�¦, 3]X�\�"f��Hy���èt�%i�ÆÒ&ñ
|¾Ó[þt�̀¦q��§½+ÉÃºe��
��H #��Q ��t� q��§:�x>�|¾Ó�̀¦ �è>h�%i���. 4]X�\�"f��H z�́]j ��«Ñ\�¦ s�6 x�#� �:r �7Hë�H\�"f ]j
îß�ô�Ç ÆÒ&ñ
|¾Óõ� l��>r_� ÆÒ&ñ
|¾Ó�̀¦ 3]X�\�"f ¶ú�(R�:r q��§ :�x>�|¾Ó�̀¦ ��6 x�#� q��§�%i�Ü¼ 9 ¢̧
ô�Ç �̧_�z�́+«>�̀¦ :�x�#� l��>r\� ]jîß�÷&%3�~�� ÆÒ&ñ
|¾Ó[þtõ� q��§ì�r$3��%i���. s�M: ��6 x�)a q��§
:�x>�|¾Ó�Ér ���:�x&h���� q��§ :�x>�|¾Ó��� MSEü< MSPEs���. =åQÜ¼�Ð 5]X�\� ����:rs� e����.

2. �¬d�<�ã ¢Å=�ê�ï|

2.1. MSPE�Þ2 c�ëà�f£ �¬d�<�ã ¢Å=�ê�ï|

2.1.1. �Ã/�¬ Qr�Å/�ï|(Shrinkage predictor : Ŷ SH)

l��>r_� ÆÒ&ñ
|¾Ó�̀¦ ½̈���H l�ï�r�Ér MSE(Mean square error), 7£¤, E(Y − Ŷ )2\�¦ þj�è�o���H
�.���s�%3	כ s� l�ï�r�Ér Y°úכ\� �©��'a\O�s� °ú �Ér ß¼l�_� �̧	�\�¦ ��&ñ
ô�Ç �̧+þAs� &h�{©�½+É M: ��6 x�

��� ÄºÃºô�Ç ���õ�\�¦ ï�r��. Õª�Q�� 	�H Y°úכ\�"f��H �©�@/&h�Ü¼�Ð �̧	�_� ß¼l��� ë�H]j ÷&t� ·ú§t�

ëß�, ����Ér Y°úכ\� @/K�"f��H �©�@/&h�Ü¼�Ð �̧	��� B�Äº 9þt Ãº e��Ü¼ 9 s� �â
Äº MSE\�¦ l�ï�rÜ¼�Ð
ÆÒ&ñ
|¾Ó�̀¦ ½̈��¦ ¢̧ô�Ç ÆÒ&ñ
|¾Ó_� ÄºÃº$í
�̀¦ ��������H �	כ �Ð����H MSPE\�¦ ��6 x���H ��s	כ ��
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{©����. ����"f s�\� ·ú�ú́���H, 7£¤, MSE @/��� MSPE(Mean square percentage error)\�¦ l�ï�r
Ü¼�Ð �#� ½̈K�t���H ÆÒ&ñ
|¾Ós� ¹כ��9�>� �)a��. MSPE\�¦ s�6 x�#� �èt�%i� ÆÒ&ñ
|¾Ó�̀¦ ½̈���H
~½ÓZO��̀¦ ¶ú�(R�Ð��. MSPE\�¦ s�6 xô�Ç \V8£¤|¾Ó�Ér

min E

(
Y − Ŷ

Y

)2

\�¦ ëß�7á¤���H Ŷ�Ð ½̈K�t� 9 Parkõ� Stefanski (1997)\� _����� Ŷ��H ��6£§õ� °ú s� %3�#Q�����.

Ŷ =
E

(
1
Y

)

E

(
1

Y 2

) . (2.1)

(2.1)d���̀¦ ��6 x���HX< e��#Q"f_� ë�H]j&h��Ér ���$� E(1/Y )ü< E(1/Y 2)s� �>rF�K��� � 9, ¢̧ô�Ç
y��y��_� l�Î.	°ú̀�כ¦ ½̈���H ��s	כ ì�r�í\� ����"f��H ~1�t� ·ú§����H �.���s	כ Õªo��¦ ��«Ñ�� �̧¿º
“0” �Ð�� ß¼����H �̧|	�s� ���]j÷&#Q�� ô�Ç��. s��Qô�Ç ë�H]j\�¦ K�����l� 0A�#� �:r �7Hë�H\�"f��H
���$� î̈
ç�Hõ� ì�ríß�\� @/�#� ��6£§�̀¦ ��&ñ
�%i���.

(
Y − µ

µ

)m

= op(1), m = 2, 3, . . . , µ = E(Y ).

Õª�Q��� Taylor ���>h\� _�K�

1
Y

=
1
µ
− 1

µ2
(Y − µ) +

1
µ2

(Y − µ)2 + op(1),

1
Y 2

=
1
µ2
− 2

µ3
(Y − µ) +

3
µ4

(Y − µ)2 + op(1)

s� ÷&�¦ s�\�¦ s�6 x�#� ��6£§_� ���õ�\�¦ %3���H��.

E

(
1
Y

)
≈ µ−1(1 + CV 2),

E

(
1

Y 2

)
≈ µ−2(1 + 3CV 2). (2.2)

#�l�"f CV = σ/µs���. s�]j (2.2)d���̀¦ (2.1)d��\� @/{9�����

E

(
1
Y

)

E

(
1

Y 2

) ≈ µ−1(1 + CV 2)
µ−2(1 + 3CV 2)

= µ
(1 + CV 2)
(1 + 3CV 2)

≈ µ(1− 2CV 2) (2.3)

s� �)a��. s�]j CV�� ������¦ ��&ñ
��¦ µ@/��� Ŷ\�¦ @/{9����� ��6£§_� \V8£¤|¾Ó�̀¦ %3���H��.

Ŷ SH = Ŷ (1− 2CV 2). (2.4)
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0A_� d��\�"f �Ð1pws� MSEl�ï�r \V8£¤|¾Ó�Ð�� \V8£¤°úכs� �����t���H �¦̀�	כ SX����½+É Ãº e����. {9�ìøÍ
&h�Ü¼�Ð MSPE l�ï�r \V8£¤|¾Ó�Ér »¡¤�è\V8£¤|¾Ó(Shrinkage predictor)s� ÷&Ù¼�Ð �:r �7Hë�H\�"f�̧ »¡¤
�è\V8£¤|¾Ós��� ÂÒØÔ��x��. 0A_� »¡¤�è\V8£¤|¾Ó_� ���©� 	�H :£¤fç
�Ér l��>r_� ÆÒ&ñ
|¾Ó\� çß�éß�y� (1 −
2CV 2)\�¦ Y�L�#� %3��̀¦ Ãº e������H �.���s	כ
ëß���� CV�� Ø�æì�ry� ���t� ·ú§�� (2.4)d��_� °úכs� 6£§Ãº °ú̀�כ¦ °ú�>� �)a�����

Ŷ SH = Ŷ
(1 + CV 2)
(1 + 3CV 2)

(2.5)

¢̧��H

Ŷ SH = Ŷ exp (−2CV 2) (2.6)

�̀¦ ��6 x���� �)a��. �:r �7Hë�H\�"f��H 	�H CV°úכÜ¼�Ð ����#� Y>�Y>� �èt�%i�\�"f 6£§Ãº�� µ1ÏÒqt�#�

(2.5)d��õ� (2.6)d���̀¦ ��6 x�%i���.

2.2. \�¹]ý?ê �¬d�<�ã ¢Å=�ê�ï|

ú́§�Ér �èt�%i� ÆÒ&ñ
|¾Ós� ]jîß�÷&%3�Ü¼�� �:r �7Hë�H\�"f��H ���l�{9� 1px (2007)\�"f ���½̈�)a �èt�
%i� ÆÒ&ñ
|¾Ó_� {9�ÂÒ\�¦ ×�æd��Ü¼�Ð ¶ú�(R�Ð��¤��. ���Õüt�%i�1pws� #Q�"� �èt�%i� ÆÒ&ñ
|¾Ós� ½̈K�t����
çß�éß�y� Ãº&ñ
�#� »¡¤�è �èt�%i� ÆÒ&ñ
|¾ÓÜ¼�Ð ��6 x½+É Ãº e���¦ ¢̧ô�Ç �:r �7Hë�H_� 3lq&h�s� »¡¤�è �è

t�%i� ÆÒ&ñ
|¾Ó_� :£¤fç
�̀¦ ��������H �s�Ù¼�Ð	כ {9�ÂÒ ÆÒ&ñ
|¾Óëß��̀¦ ���×þ��#� ì�r$3��%i���.

2.2.1. ���Ä\�l̂v¢Å=�ê�ï|

��«Ñl�ìøÍ �èt�%i� ÆÒ&ñ
ZO�Ü¼�Ð��H f��]X�ÆÒ&ñ
ZO�(Direct estimation), ½+Ë$í
ÆÒ&ñ
ZO�(Synthetic
estimation), Õªo��¦ 4�¤½+ËÆÒ&ñ
ZO�(Composite estimation)s� e����. f��]X�ÆÒ&ñ
ZO��Ér K�{©� �èt�%i�
\� C�&ñ
�)a ³ð�:rëß��̀¦ s�6 x�#� ÆÒ&ñ
���H ~½ÓZO�s� 9 ½+Ë$í
ÆÒ&ñ
ZO��Ér ÆÒ&ñ
��¦�� ���H �èt�%i�õ�

:£¤$í
s� Ä»��ô�Ç ���Ér �èt�%i�[þt_� &ñ
�Ð\�¦ s�6 x�#� ÆÒ&ñ
°úכ_� &ñ
�̧\�¦ Z�}s��¦�� ���H ÆÒ&ñ
ZO�

s���. 4�¤½+ËÆÒ&ñ
ZO��Ér f��]X�ÆÒ&ñ
|¾Ó_� 	�H ì�ríß�õ� ½+Ë$í
ÆÒ&ñ
|¾Ó_� ¼#��¾Ó�̀¦ �Ð¢-a�l� 0AK�"f f��]X�
ÆÒ&ñ
|¾Óõ� ½+Ë$í
ÆÒ&ñ
|¾Ó_� ��×�æî̈
ç�H�̀¦ ��6 x���H ~½ÓZO�s���. s� ~½ÓZO�[þt ×�æ �:r �7Hë�H\�"f��H f��]X�
ÆÒ&ñ
|¾Óëß��̀¦ �¦�9�%i���. f��]X�ÆÒ&ñ
|¾Ó�Ér �èt�%i� ÆÒ&ñ
r� K�{©� t�%i�\� K�{©�÷&��H ��«Ñëß��̀¦ s�
6 x�#� ÆÒ&ñ
���H ~½ÓZO�Ü¼�Ð q��§&h� çß�éß�y� ½̈½+É Ãº e��Ü¼ 9 Ô�¦¼#�$í
�Ér ëß�7á¤��� ³ð�:rÃº�� Ô�¦

ç�H+þA&h�{9� ÷�rëß� ��m��� ��«ÑÃº�� &h�#Q"f ÆÒ&ñ
�̧	��� ß¼����H éß�&h�s� e��#Q s�6 x\���H #Q�9¹¡§

s� e����. �:r �7Hë�H\�"f ��6 x�)a f��]X�ÆÒ&ñ
|¾Ó(ŶDE)�Ér ��6£§õ� °ú s� &ñ
_��)a��.

ŶDE = Ŷi =
∑

j

wijyij .

#�l�"f Ŷi��H i���P: �èt�%i� °ú̀�כ¦ _�p���¦ wij��H ��×�æu�\�¦, yij��H it�%i� j���P: ��«Ñ°ú̀�כ¦ ����

�·p��.
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2.2.2. �¬B�!\�l̂v¢Å=�êq@è

�̧+þAl�ìøÍÆÒ&ñ
ZO�Ü¼�Ð��H �r)ì�r$3�~½ÓZO�, �â
+«>&h� Z�s�Ý¼ ÆÒ&ñ
ZO�(Empirical Bayese estima-
tion), >�8£x&h� Z�s�Ý¼ ÆÒ&ñ
ZO�(Hierarchical Bayese estimation) 1pxs� e��Ü¼ 9 {9�ìøÍ&h�Ü¼�Ð >�8£x
&h�Z�s�t�îß� ÆÒ&ñ
ZO�s� ÄºÃºô�Ç �Ü¼�Ð	כ ·ú��94R e����. s�×�æ ���©� ú́§s� s�6 x÷&�¦ e����H ��Ér	כ �r
)�̧+þA�̀¦ s�6 xô�Ç ÆÒ&ñ
 ~½ÓZO�s���. {9�ìøÍ&h���� �r)�̧+þA\�"f �r)>�Ãº\�¦ ÆÒ&ñ
��¦ s�\�¦ s�6 x
�#� �èt�%i� ÆÒ&ñ
|¾ÓÜ¼�Ð �r)�̧+þA_� \V8£¤:�x>�|¾Ó�̀¦ s�6 x���H �Ü¼�Ð	כ �r)ÆÒ&ñ
|¾Ó(ŶREG)�Ér
��6£§õ� °ú ��.

ŶREG = Ŷi = β̂0 + β̂1x1i + · · ·+ β̂kxki.

#�l�"f Ŷi��H i���P: �èt�%i� ÆÒ&ñ
°úכs� 9 x1i, . . . , xki��H s�\� K�{©�÷&��H [O�"î
���Ãºs��¦ β̂i��H ÆÒ

&ñ
�)a �r)>�Ãºs���.

2.2.3. äËÐYlv¢Å=�ê�ï|(ŶSP )

{9�ìøÍ&h�Ü¼�Ð �̧+þAl�ìøÍ(model based)ÆÒ&ñ
|¾Ó�Ér��«Ñl�ìøÍÆÒ&ñ
|¾Ó\�q�K�ÄºÃºô�Ç���õ�\�¦ÅÒ
��H �Ü¼�Ð	כ ·ú��94R e����. Õª�Q�� �̧+þAl�ìøÍ ÆÒ&ñ
|¾Ó�Ér Ø�æì�rô�Ç [O�"î
���Ãº�� e������H ��&ñ
 �\�
%3�#Qt���H ÆÒ&ñ
|¾Ós� 9 s� ��&ñ
s� Ø�æ7á¤÷&t� 3lw½+É �â
Äº\���H Õª ��6 xs� ]jô�Ç&h�{9� Ãºµ1Ú\� \O���.
Shinõ� Lee (2003)�Ér /BNçß�:�x>��<Æ�̀¦ s�6 xô�Ç �èt�%i� ÆÒ&ñ
ZO��̀¦ ]jîß��%i�Ü¼ 9 s� �7Hë�H\�"f [O�
"î
���Ãº�Ð �'ad�����Ãº_� /BNçß��©��'a�'a>�\�¦ s�6 x½+É �â
Äº �8 a%~�Ér ���õ�\�¦ %3��̀¦ Ãº e��6£§�̀¦ �Ð%i���.
s�M: %3�#Q��� ÆÒ&ñ
|¾Ó�̀¦ /BNçß�ÆÒ&ñ
|¾Ós��� �%i�Ü¼ 9 /BNçß�ÆÒ&ñ
|¾Ó ŶSP��H ��6£§_� d��\�"f ½̈K����

��.
ŶSP = Ŷi = ρ̂Si.

#�l�"f Ŷi��H i���P: �èt�%i� ÆÒ&ñ
°úכs� 9 Si��H i���P: �èt�%i�_� s�Ö�©�̀¦ �̧¿º �8�#� %3�#Q��� /BN

çß� ���Ãºs��¦, ρ̂��H ÆÒ&ñ
�)a >�Ãºs���. s�\� �'aô�Ç ��[jô�Ç ���½Ó�Ér Kimõ� Shin (2006)\� ��ü< e��
��.

2.2.4. �ÔäB�!l5æÔ�±¢Å=�ê�ï|

���+þA���½+Ë �èt�%i� ÆÒ&ñ
|¾Ó�Ér {9�ìøÍ&h�Ü¼�Ð Ô�¦¼#�ÆÒ&ñ
|¾Ó��� f��]X� ÆÒ&ñ
|¾Óõ� ì�ríß��̀¦ ×�¦{9� Ãº e��

��H �̧+þAl�ìøÍÆÒ&ñ
|¾Ó_����+þA���½+ËÜ¼�Ðs�ÀÒ#Q�����.\V\�¦[þt���f��]X�ÆÒ&ñ
|¾Óõ�/BNçß�ÆÒ&ñ
|¾Ó�̀¦���
+þA���½+Ë�<ÊÜ¼�Ð+� f��]X� ÆÒ&ñ
|¾Ó_� ���1lx$í
õ� /BNçß�ÆÒ&ñ
|¾Ó_� ¼#��¾Ó�̀¦ 1lxr�\� ×�¦{9� Ãº e��>� �)a��.
f��]X�ÆÒ&ñ
|¾Óõ� /BNçß�ÆÒ&ñ
|¾Ó_� ���+þA���½+ËÆÒ&ñ
|¾Ó�Ér ��6£§õ� °ú ��.

ŶDESP = αSP ŶDE + (1− αSP )ŶSP .

#�l�"f ��×�æu� αSP��H ŶSPü< ŶDE_� MSE\�¦ ��6 x�#��� ��� ú́§�Ér �â
Äº MSE\�¦ ��6 x���H
@/��� y�� ÆÒ&ñ
|¾Ó_� ì�ríß��̀¦ s�6 x�#� ½̈ô�Ç��. 7£¤

αSP =
Var(ŶSP )

Var(ŶDE) + Var(ŶSP )
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�̀¦ s�6 x�#� ½̈ô�Ç��. s�\� �'aô�Ç ��[jô�Ç [O�"î
�Ér Rao (2003) ¢̧��H ���l�{9� 1px (2007)�̀¦ ¶ú�(R
�Ðl� ��êøÍ��. �:r �7Hë�H\�"f��H ���+þA���½+ËÆÒ&ñ
|¾ÓÜ¼�Ð ŶSPü< ŶREG\�¦ ���½+Ëô�Ç ŶSPREG, ŶDEü<

ŶREG\�¦ ���½+Ëô�Ç ŶDEREG, Õªo��¦ ŶDEü< ŶSPREG\�¦ ���½+Ëô�Ç ŶDESPREG\�¦ ��6 x�%i���.

2.3. a���h²¿ �¬d�<�ã ¢Å=�ê�ï|

(2.2)]X�\�"f �è>h�)a �èt�%i� ÆÒ&ñ
|¾Ó�Ér ��6£§õ� °ú ��.

ŶDE , ŶSP , ŶREG, ŶSPREG, ŶDESP , ŶDEREG, ŶDESPREG.

��6£§Ü¼�Ð s� ÆÒ&ñ
|¾Ó�̀¦ s�6 x�#� ëß�[þt#Q��� »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó�Ér (2.5)d��õ� (2.6)d��Ü¼�Ð
��6£§õ� °ú ��.

Ŷ SH = Ŷ
(1 + CV 2)
(1 + 3CV 2)

(2.7)

¢̧��H

Ŷ SH = Ŷ exp (−2CV 2). (2.8)

����"f �:r �7Hë�H\�"f ��6 x½+É »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó�Ér ��6£§õ� °ú ��.

Ŷ SH
DE = ŶDE

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
DE = ŶDE exp (−2CV 2),

Ŷ SH
SP = ŶSP

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
SP = ŶSP exp (−2CV 2),

Ŷ SH
REG = ŶREG

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
REG = ŶREG exp (−2CV 2),

Ŷ SH
SPREG = ŶSPREG

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
SPREG = ŶSPREG exp (−2CV 2),

Ŷ SH
DESP = ŶDESP

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
DESP = ŶDESP exp (−2CV 2),

Ŷ SH
DEREG = ŶDEREG

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
DEREG = ŶDEREG exp (−2CV 2),

Ŷ SH
DESPREG = ŶDESPREG

(1 + CV 2)
(1 + 3CV 2)

and Ŷ SH
DESPREG = ŶDESPREG exp (−2CV 2).

3. a���ïÕ65��ï|

�èt�%i� ÆÒ&ñ
|¾Ó�̀¦ î̈
���l� 0Aô�Ç #��Q q��§:�x>�|¾Ós� ]jîß�÷&%3�Ü¼ 9 Õª ×�æ �:r �7Hë�H\�"f ��

6 x�)a :�x>�|¾Ó�Ér R2ü< l�Ö�¦l�, &�!Qo�t�, Ö�qo�ÚÔYUs���� Õªo��¦ MSEü< MSPEs���. s�\� �'a
ô�Ç ��[jô�Ç ?/6 x�Ér ���l�{9� 1px (2007)�̀¦ ¶ú�(R�Ðl� ���� 9 �:r �7Hë�H\�"f��H s�\�¦ çß�éß�y� [O�"î
�
%i���.
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3.1. ÞO�é�¬B�!�Ùÿ c�ëà�f£ �î|q@è(R2Ñä \��×ÿ\�)

�r)�̧+þA�̀¦ s�6 xô�Ç ���éß�~½ÓZO��Ér f��]X� ÆÒ&ñ
|¾Ós� Ô�¦¼#� ÆÒ&ñ
|¾Óe���̀¦ �Ö̧6 x�#� q��§@/�©� ÆÒ

&ñ
|¾Ó_� Ô�¦¼#�$í
�̀¦ ���éß����H �Ü¼�Ð	כ ?/6 x�Ér ��6£§õ� °ú ��. f��]X�ÆÒ&ñ
|¾Ó�̀¦ 7áx5Åq���Ãº�Ð ��¦ q�
�§@/�©� ÆÒ&ñ
|¾Ó�̀¦ 1lqwn����Ãº�Ð ���H ]X�¼#�s� \O���H éß�í�H�r)�̧+þA�̀¦ ëß�[þt�¦ éß�í�H�r)d���̀¦ &h�½+Ë

ô�Ç Êê s� M: %3�#Qt���H ���&ñ
>�Ãº R2°úכõ� l�Ö�¦l�\�¦ q��§K� �:r��. ëß���� l�Ö�¦l��� ð1ñ\�"f ú́§s�
b��#Q4R e������ R2°úכs� ð1ñ�Ð�� ú́§s� �������� a%~�Ér ÆÒ&ñ
|¾Ós����¦ ½+É Ãº \O���.

3.2. &�!H_�d�(Coverage)

&�!Qo�t���Hf��]X�ÆÒ&ñ
|¾Ó_� 95%���ø@½̈çß��̀¦ ½̈��¦s� ½̈çß�\�y��y��_�ÆÒ&ñ
|¾Ó\�"f%3�#Q���
ÆÒ&ñ
u�_� Y>� (�G'pàÔ�� �í�<Ê÷&��H��\�¦ ¶ú�(R�Ð��H �Ü¼�Ð	כ �̧+þAl�ìøÍÆÒ&ñ
|¾Ós� ¼#��¾Ós� \O��¦ ì�ríß�

s� �������� @/ÂÒì�r s� ½̈çß�\� �í�<Ê÷&#Q Z�}�Ér &�!Qo�t�\�¦ �Ð{9� �.���s	כ ú̧� ·ú��9��� ��3!�%	כ f��
]X�ÆÒ&ñ
|¾Ó_� ì�ríß��Ér B�Äº ß¼ 9 ����"f 95% ���ø@½̈çß� ¢̧ô�Ç B�Äº ß¼��. ����"f q��§ :�x>�|¾Ó�Ér
100% &�!Qo�t�\�¦ �Ðs���H ��s	כ {9�ìøÍ&h�s�#Q�� ô�Ç��. ëß���� &�!Qo�t��� 100%�� �����, ����Ér °úכ
�̀¦ °ú���H����� s���H q��§ ÆÒ&ñ
|¾Ó_� ¼#��¾Ós� ß¼����Ht� ���H 1px_� ë�H]j�� e������H 7£x��{9� Ãº e��

��. 7£¤ �:r �7Hë�H\�"f ��6 x�)a &�!Qo�t���H ¼#��¾Ó_� ß¼l�\�¦ ·ú� Ãº e����H q��§ :�x>�|¾Ós���.

3.3. åòT_�µ�NZc��Õä(Calibration)

#��Q >h_� �èt�%i��̀¦ ½+Ëu�>� ÷&��� Õª t�%i�\� �í�<Ê�)a ³ð�:r_� Ãº�� 7£x���>� ÷&�¦ ����"f

{9�ìøÍ&h�Ü¼�Ð f��]X�ÆÒ&ñ
|¾Ó_� &ñ
�̧�� Z�}��t�>� �)a��. s��Qô�Ç :£¤fç
�̀¦ s�6 x�#� #��Q �èt�%i��̀¦
½+Ë5g�����"f y�� ÆÒ&ñ
|¾Ó\�"f %3�#Q��� ÆÒ&ñ
u�[þt�̀¦ f��]X�ÆÒ&ñ
|¾Óõ� q��§���H �¦̀�	כ Ö�qo�ÚÔYUs����

s����¦ ô�Ç��. ëß���� t�%i�s� &�4R ��«Ñ_� Ãº�� Zþt#Qz�¤6£§\��̧ Ô�¦½̈��¦ f��]X�ÆÒ&ñ
u�ü< �̧+þAl�
ìøÍÆÒ&ñ
u��� 	�H 	�s�\�¦ �Ð�������� �̧+þAl�ìøÍÆÒ&ñ
|¾Ós� ��«Ñ\�¦ ú̧� [O�"î
ô�Ç���¦ óøÍéß�½+É Ãº \O���.

3.4. MSEØþ MSPE

MSEü< MSPE��H ÆÒ&ñ
|¾Ó q��§\� {9�ìøÍ&h�Ü¼�Ð ��6 x÷&��H q��§ :�x>�|¾Ós���. MSEü< MSPE
_� &ñ
_���H ��6£§õ� °ú ��.

MSE =
1
R

1
n

R∑
r=1

n∑

i=1

(Yi − Ŷ
(r)
i )2,

MSPE =
1
R

1
n

R∑
r=1

n∑

i=1

(
Yi − Ŷ

(r)
i

Yi

)2

.

#�l�"f i = 1, . . . , n�Ér i���P: �èt�%i��̀¦ _�p�� 9 �:r �7Hë�H\�"f��H 36>h_� �èt�%i�s� e��Ü¼Ù¼�Ð
n = 36s� �)a��. �̧_�z�́+«>\�"f ��6 x�)a ìøÍ4�¤Ãº R = 5, 000s� ��6 x÷&%3���. s�]j MSE, MSPE
\�¦ ½̈�l� 0AK�"f��H �ÃÐ°úכs� ¹כ��9�>� �)a��. Õª�Q�� �ÃÐ°ú̀�כ¦ ·ú� Ãº \O�l� M:ë�H\� �:r �7Hë�H\�"f
��H Kimõ� Shin (2006)\�"f ��6 xÙþ¡~�� ~½ÓZO��̀¦ �¦�9�%i���. 7£¤ 9,000#�>h_� ��«Ñ\�"f %3�#Q���
ŶDE\�¦ �ÃÐ°úכ Yi�� ��&ñ
�%i���. ��6£§Ü¼�Ð 9,000>h_� ��«Ñ\�"f 3,000, 4,000 Õªo��¦ 5,000>h_�
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��«Ñ\�¦ �½� ü� ÆÒØ�¦ô�Ç Êê y�� �èt�%i� ÆÒ&ñ
|¾Ó�̀¦ s�6 x�#� >�íß�ô�Ç ���õ�\�¦ Ŷ
(r)
i s��� �%i���. s�XO�

>� %3�#Q��� °ú̀�כ¦ R��� ìøÍ4�¤ô�Ç Êê î̈
ç�H�̀¦ ½̈�>� ÷&��� 36>h �èt�%i�Z>��Ð MSEiü< MSPEi\�¦ %3�

>� ÷& 9 þj7áx&h�Ü¼�Ð s�\�¦ î̈
ç�Hô�Ç °ú̀�כ¦ ³ð\� ���$í
�%i���.

4. ���ÄO,0;.ã Ë�ì ¢Å=�ê�ï| a���

4.1. ���ÄO,0;.ã

�:r�7Hë�H\�"f��6 xô�Ç��«Ñ��H 2005�̧�z�́\O���Ãº\�¦s�6 x�%i�Ü¼ 9s���«Ñ��H���l�{9�1px (2007)
_� �7Hë�H\�"f ��6 x�)a ��«Ñü< °ú ��. Õª�Q�� z�́\O���Ãº�� ð0ñ��� {9�ÂÒ r�ç�H½̈��«Ñ�� �í�<Ê÷&#Q
e��#Q, �:r �7Hë�H_� Ùþ�d����� MSPE\�¦ q��§�l�0AK� s� ��«Ñ\�¦ ì�r$3�\�"f ]jü@�%i���. s��Ð ���K�
���l�{9� 1px (2007)_� ���õ�ü< ŶDE1px s�ü< �'aº��s� \O���H �â
Äº��H �èt�%i� ÆÒ&ñ
|¾Ós� ¢-a���y� {9�u�

��� ���Ér �èt�%i� ÆÒ&ñ
|¾Ó�Ér ���çß� ���õ��� ��ØÔ>� ��M®o��. ¢̧ô�Ç ���+þA���½+ËÆÒ&ñ
|¾Ó�̀¦ ½̈�l� 0A
ô�Ç ��×�æu� α∗°úכ�Ér Bootstrap ~½ÓZO��̀¦ s�6 x�#� ½̈�%i���. 2005�̧��̧ z�́\O��� ��«Ñ 9,000#�>h
\�¦ 4�¤"é¶ÆÒØ�¦�#� Ô�©Û¼àÔêÁ� Ò�re�¦�̀¦ Òqt$í
��¦ 5,000��� ìøÍ4�¤�#� ì�ríß��̀¦ ½̈�%i�Ü¼ 9 (2.2.4)]X�
_� /BNd���̀¦ s�6 x�#� ��×�æu� α∗°ú̀�כ¦ ÆÒ&ñ
�%i���.

4.2. ¢Å=�ê�ï| a���

4.2.1. \��×ÿ\�Øþ R2

2.3]X�\�"f ]jîß��)a 20>h_� �èt�%i� ÆÒ&ñ
|¾Ós� q��§ ÷&%3���. ���$� ŶDE\�¦ 7áx5Åq���Ãº�Ð, y�� �è
t�%i� ÆÒ&ñ
|¾Ó�̀¦ 1lqwn����Ãº�Ð ô�Ç R2õ� l�Ö�¦l�\�¦ ½̈�%i���. ���õ���H ³ð 4.1\� ����ÍÇx��. ���$�
l��>r_� �èt�%i� ÆÒ&ñ
|¾Ó_� l�Ö�¦l�ü< R2�̀¦ ¶ú�(R�Ð��. l�Ö�¦l� “1”\�"f ���©� ú́§s� #Á	#Qèß� ÆÒ&ñ

|¾Ó�Ér ŶDEREGs��¦ Õª ��6£§Ü¼�Ð ŶSP , ŶSPREG1pxs���. Õª�Q�� ß¼>� “1”\�"f #Á	#Q��t� ·ú§��
	�H ë�H]j��H \O����¦ ½+É Ãº e����. ���&ñ
>�Ãº R2�̀¦ ¶ú�(R�Ð��� ŶREG�� ��� 0.80 &ñ
�̧s��¦ ��6£§s�
ŶDEREGs� 0.85�Ð ±ú��Ér °ú̀�כ¦ °ú��¦ e����. s�\� q�K� »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó[þt_� l�Ö�¦l���H �̧¿º
ß¼>� “1”\�"f #Á	#Qèß� �¦̀�	כ SX����½+É Ãº e����. s���H 1lqwn����Ãº\� K�{©����H �èt�%i� ÆÒ&ñ
|¾Ó[þts�
�̧¿º »¡¤�è ÆÒ&ñ
|¾Ós� ÷&%3�l� M:ë�H\� “x”»¡¤s� »¡¤�è�� ÷&#Q �̧��H l�Ö�¦l��� “1”�̀¦ ß¼>� #Á	#Q��
�¦ e����. Õª�Q�� Ŷ SH

REG��H “1”�̀¦ ß¼>� #Á	#Q��t� ·ú§�¦ e����. s���H »¡¤�è�� ���Ér ÆÒ&ñ
|¾Ó\� q�K�
���>� {9�#Qz�¤l� M:ë�HÜ¼�Ð Û�¦s��)a��. ��6£§Ü¼�Ð ���&ñ
>�Ãº R2�̀¦ ¶ú�(R�Ð��� 	�H ����o�� \O�6£§�̀¦ SX�

��� ½+É Ãº e����. 7£¤, ŶREG�� ��� 0.80 &ñ
�̧s��¦ ��6£§s� ŶDEREGs� 0.86 &ñ
�̧�Ð ±ú��Ér °ú̀�כ¦ °ú�
�¦ e��Ü¼ 9 Õª 	�s��̧ B�Äº p�p����. ����:r&h�Ü¼�Ð »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó�Ér Ô�¦¼#� ÆÒ&ñ
|¾Ós� ��
��� �¦̀�	כ ��r� ô�Ç��� SX�����%i���. s�\� ìøÍ�#� ���&ñ
>�Ãº��H 	�H 	�s�\�¦ �Ðs�t� ·ú§��H��.
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³ð 4.1: ÆÒ&ñ
|¾ÓZ>� l�Ö�¦l�ü< R2

ÆÒ&ñ
|¾Ó l�Ö�¦l� R2

ŶSP 0.9733 0.9749

ŶREG 1.0000 0.8023

Ŷ ŶSPREG 0.9734 0.9763

ŶDESP 1.0152 0.9927

ŶDEREG 1.0606 0.8528

ŶDESPREG 1.0127 0.9932

Ŷ SH
DE 1.2352 0.9931

Ŷ SH
SP 1.2199 0.9792

Ŷ SH
REG 1.0443 0.8028

Ŷ (1+CV 2)

(1+3CV 2)
Ŷ SH

SPREG 1.2191 0.9821

Ŷ SH
DESP 1.2430 0.9899

Ŷ SH
DEREG 1.1322 0.8583

Ŷ SH
DESPREG 1.2411 0.9920

Ŷ SH
DE 1.3042 0.9778

Ŷ SH
SP 1.3012 0.9709

Ŷ SH
REG 1.0466 0.8028

Ŷ e−2CV 2
Ŷ SH

SPREG 1.2999 0.9758

Ŷ SH
DESP 1.3072 0.9799

Ŷ SH
DEREG 1.1377 0.8588

Ŷ SH
DESPREG 1.3060 0.9833

4.2.2. &�!H_�d�

ŶDE\�¦ l�ï�rÜ¼�Ð &�!Qo�t���H ½̈K�t� 9 s�\�¦ :�x�#� ¼#��¾Ó_� &ñ
�̧\�¦ ·ú� Ãº e����. 7£¤, 90%
s����� &�!Qo�t� >hÃº�� ú́§Ü¼��� &h��Ér >hÃº\�¦ °ú���H ÆÒ&ñ
|¾Ó\� q�K� ¼#��¾Ós� ß¼����H �¦̀�	כ ú́�K�

ï�r��.
���$� Ô�©Û¼àÔêÁ��̀¦ s�6 x�#� ŶDE_� ì�ríß��̀¦ ½̈ô�Ç Êê s�\�¦ s�6 x�#� 95%���ø@½̈çß��̀¦ ½̈

ô�Ç��. ½̈K���� ���ø@½̈çß��̀¦ s�6 x�#� y�� ÆÒ&ñ
|¾Ó\�"f %3�#Q��� ÆÒ&ñ
°úכs� ½̈K���� ŶDE_� ���ø@½̈

çß�\� \O����� �í�<Ê÷&��Ht� ¶ú�(R�:r��. s��©�_� ���õ�\�¦ ³ð 4.2\� ����?/%3���. ���õ�\�¦ ¶ú�(R�Ð���
ŶDESPü< ŶDESPREG��ÄºÃºô�Ç�Ü¼�Ð	כ ŶREGü< ŶDEREG��îß�a%~�Ér���õ�\�¦ÅÒ�¦e����.s��Q
ô�ÇÆÒ[j��H»¡¤�è�èt�%i�ÆÒ&ñ
|¾Ó\�Õª@/�ÐÄ»t��)a��.7£¤, Ŷ SH

DESPü< Ŷ SH
DESPREG��ÄºÃºô�Ç���õ�

\�¦ Ŷ SH
REGü< Ŷ SH

DEREG��îß�a%~�Ér���õ�\�¦ÅÒ�¦e����.Õª�Q������̂&h�Ü¼�Ð��H �̧��H»¡¤�èÆÒ&ñ
|¾Ó\�
"f �¾Ó�©��)a ���õ�\�¦ ÅÒ�¦ e����.
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³ð 4.2: t�%i�Z>� &�!Qo�t�
t�%i� ŶSP ŶREG ŶSPREG ŶDESP ŶDEREG ŶDESPREG

1 90 92 91 96 96 96

2 94 100 94 94 100 94

3 100 100 100 99 100 99

..

.
..
.

..

.
..
.

..

.
..
.

..

.

35 93 99 93 94 100 94

36 98 98 99 98 98 98

90%s����� >hÃº 3 11 2 0 8 0

þj�è°úכ 75 0 77 90 3 90

Ŷ
(1+CV 2)

(1+3CV 2)
Ü¼�Ð >�íß�½+É �â
Äº

t�%i� Ŷ SH
DE Ŷ SH

SP Ŷ SH
REG Ŷ SH

SPREG Ŷ SH
DESP Ŷ SH

DEREG Ŷ SH
DESPREG

1 97 96 88 96 97 92 97

2 98 98 100 98 98 100 98

3 98 100 100 100 100 100 100

..

.
..
.

..

.
..
.

..

.
..
.

..

.
..
.

35 100 100 100 100 100 100 100

36 100 100 100 100 100 100 100

90%s����� >hÃº 0 1 11 1 0 6 0

þj�è°úכ 95 87 0 87 95 7 95

Ŷ e−2CV 2
Ü¼�Ð >�íß�½+É �â
Äº

t�%i� Ŷ SH
DE Ŷ SH

SP Ŷ SH
REG Ŷ SH

SPREG Ŷ SH
DESP Ŷ SH

DEREG Ŷ SH
DESPREG

1 97 96 88 96 96 92 96

2 98 98 100 98 98 100 98

3 98 100 100 100 100 100 100

..

.
..
.

..

.
..
.

..

.
..
.

..

.
..
.

35 100 100 100 100 100 100 100

36 100 100 100 100 100 100 100

90%s����� >hÃº 0 1 10 1 0 6 0

þj�è°úכ 95 87 0 87 94 9 94

4.2.3. åòT_�µ�NZc��Õä

�:r�7Hë�H\�"f��6 x�)aÕªÒ�̈�Ér���l�{9�1px (2007)\�"f��6 xô�Ç�õ�°ú �Ér~½ÓZO��̀¦��6 x	כ�%i���.
Õª�Q�� s�×�æ\�"f z�́\O��� ��«Ñ�� ð0ñ��� �èt�%i��̀¦ ì�r$3�\�"f ]jü@�%i���. s���Ér	כ ��«Ñì�r$3�\�
%ò
�¾Ó�̀¦ ÅÒt� ·ú§Ü¼�� s��Ð ���K� ���Õütô�Ç ��ü< °ú s� ���l�{9� 1px (2007)_� ���õ�ü< ���çß�_� 	�s�\�¦
�Ðs��¦ e����. ³ð 4.3�̀¦ ¶ú�(R�Ð��� »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó_� �â
Äº ����̂&h�Ü¼�Ð ��� 30%&ñ
�̧ �����
��� °úכÜ¼�Ð ����z�¤��. ìøÍ��� ����Ér ì�ríß��̀¦ �Ðs��¦ e����H ŶREGü< ŶDEREG��H »¡¤�è ÆÒ&ñ
|¾Ó °úכs�

�©�@/&h�Ü¼�Ð ���>� ×�¦#Q[þt%3�6£§�̀¦ ·ú� Ãº e����.
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³ð 4.3: ÕªÒ�̈Z>� Ö�qo�ÚÔYUs���� ���õ�
GROUP ŶDE ŶSP ŶREG ŶSPREG ŶDESP ŶDEREG ŶDESPREG

1-1 20962 22563 14348 22168 21519 14359 21353

1-2 15763 15466 18021 15640 15600 16284 15648

1-3 26046 22342 19925 22567 23454 20312 23657

1-4 8933 9762 14633 10077 9509 13768 9691

1-5 27826 24564 13714 23494 25726 14395 25035

1-6 36138 36769 35433 38293 35340 34450 36341

1-7 16322 16600 22726 16595 16888 21451 16846

1-8 21630 24679 19885 24067 22202 18921 22049

1-9 10765 12240 17326 12338 11666 16142 11683

1-10 9753 8355 17335 8500 9008 15775 9068

1-11 1318 1653 2105 1464 1492 1846 1398

Ŷ
(1+CV 2)

(1+3CV 2)
Ü¼�Ð >�íß�½+É �â
Äº

GROUP Ŷ SH
DE Ŷ SH

SP Ŷ SH
REG Ŷ SH

SPREG Ŷ SH
DESP Ŷ SH

DEREG Ŷ SH
DESPREG

1-1 16711 18137 13891 17801 17363 13928 17224

1-2 11242 11168 17296 11270 11216 15230 11235

1-3 20513 18671 19211 18921 19200 19350 19411

1-4 5345 8009 13976 8256 7392 12817 7496

1-5 23738 21717 13114 20640 22455 13632 21771

1-6 28564 29620 33453 31155 28411 32049 29370

1-7 11759 13299 21654 13290 13400 19940 13333

1-8 17484 18151 18737 17664 17606 17330 17461

1-9 7041 9002 16626 9102 8228 15109 8256

1-10 6317 4866 16690 5008 5574 14817 5636

1-11 789 1132 1788 972 962 1440 887

Ŷ e−2CV 2
Ü¼�Ð >�íß�½+É �â
Äº

GROUP Ŷ SH
DE Ŷ SH

SP Ŷ SH
REG Ŷ SH

SPREG Ŷ SH
DESP Ŷ SH

DEREG Ŷ SH
DESPREG

1-1 15559 16970 13875 16656 16299 13901 16171

1-2 9394 9455 17265 9565 9461 15152 9484

1-3 19066 17946 19183 18210 18265 19301 18487

1-4 3223 7408 13944 7655 6533 12746 6613

1-5 22948 21320 13062 20229 21946 13553 21252

1-6 26552 27767 33243 29411 26662 31798 27656

1-7 9967 12230 21572 12266 12402 19780 12341

1-8 16048 15844 18640 15380 16070 17139 15929

1-9 5211 7741 16595 7896 6790 15036 6848

1-10 4571 2757 16663 2936 3697 14744 3776

1-11 480 909 1733 744 697 1329 622
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³ð 4.4: MSE, MSPE\�¦ s�6 xô�Ç q��§

3000>h ³ð�:r 4000>h ³ð�:r 5000>h ³ð�:r

ÆÒ&ñ
|¾Ó MSE MSPE MSE MSPE MSE MSPE

ŶDE 14,702,227 0.7096 9,086,444 0.4373 5,772,927 0.2754

ŶSP 19,407,347 0.6927 12,403,498 0.4985 8,202,610 0.4098

ŶREG 11,025,615 2.3641 10,381,471 2.1625 10,027,633 2.0754

Ŷ ŶSPREG 26,313,248 0.8669 12,222,369 0.4521 8,169,461 0.3640

ŶDESP 13,583,562 0.5828 8,480,360 0.3681 5,477,728 0.2486

ŶDEREG 8,561,994 0.9570 7,914,967 0.8852 7,553,668 0.8543

ŶDESPREG 15,767,683 0.6383 8,491,309 0.3644 5,490,689 0.2462

Ŷ SH
DE 9,975,508 0.3690 6,655,092 0.2595 4,661,897 0.1930

Ŷ SH
SP 11,801,235 0.4039 7,883,653 0.3263 5,534,652 0.2874

Ŷ SH
REG 10,768,109 1.8843 10,174,821 1.7449 9,845,150 1.6871

Ŷ
(1+CV 2)

(1+3CV 2)
Ŷ SH

SPREG 15,862,122 0.4960 7,714,535 0.2880 5,394,975 0.2418

Ŷ SH
DESP 9,771,534 0.3314 6,599,894 0.2339 4,687,659 0.1758

Ŷ SH
DEREG 8,338,325 0.7242 7,753,991 0.6727 7,423,369 0.6507

Ŷ SH
DESPREG 10,969,194 0.3630 6,525,294 0.2318 4,599,041 0.1733

Ŷ SH
DE 9,876,572 0.3725 7,139,149 0.3148 5,482,075 0.2790

Ŷ SH
SP 11,045,714 0.4191 7,890,841 0.3650 5,992,191 0.3339

Ŷ SH
REG 10,753,319 1.8054 10,165,587 1.6800 9,838,704 1.6290

Ŷ e−2CV 2
Ŷ SH

SPREG 14,346,129 0.4834 7,656,804 0.3221 5,747,293 0.2807

Ŷ SH
DESP 9,700,328 0.3403 6,996,714 0.2742 5,346,597 0.2320

Ŷ SH
DEREG 8,324,729 0.7021 7,746,781 0.6544 7,419,398 0.6344

Ŷ SH
DESPREG 10,627,667 0.3631 6,873,590 0.2702 5,202,075 0.2270

4.2.4. MSEØþ MSPE�Þ2 c�ëà�f£ a���

s� ]X�\�"f��H MSEü< MSPE\�¦ s�6 x�#� y�� �èt�%i� ÆÒ&ñ
|¾Ó_� ÄºÃº$í
�̀¦ q��§�%i���. ��«Ñ
_� Ãº\� ���Ér ����o\�¦ ¶ú�(R�Ðl� 0AK� ³ð�:r Ãº��H 3,000, 4,000 Õªo��¦ 5,000>h\�¦ ÆÒØ�¦�#� y��
y�� MSEü< MSPE\�¦ q��§�%i���. s�\� �'aô�Ç ���õ�\�¦ ³ð 4.4\� ���$í
�%i���.
³ð 4.4\�¦ ¶ú�(R�Ð��� ���$� ��«ÑÃº�� 3,000��� �â
Äº ŶREGü< ŶDEREG_� MSE�� ���©� ����Ér

�Ü¼�Ð	כ ������ s� ¿º ÆÒ&ñ
|¾Ós� {9�ìøÍ&h�Ü¼�Ð ��6 x��¦ e����H MSE\�¦ l�ï�rÜ¼�Ð ��¦ ³ð�:r Ãº
�� ����Ér �â
Äº\���H ÄºÃºô�Ç ���õ�\�¦ ÅÒ�¦ e��6£§�̀¦ ·ú� Ãº e����. ìøÍ��� MSPE\�¦ l�ï�rÜ¼�Ð �Ð��� 0A
_� ¿º :�x>�|¾Ós� ���©� îß� a%~�Ér ���õ�\�¦ ÅÒ�¦ e����. s�]j �:r �7Hë�H_� ÅÒ�)a ?/6 x��� »¡¤�è �èt�
%i� ÆÒ&ñ
|¾Ó�̀¦ ¶ú�(R�Ð��. ���$� ŶDEü< Ŷ SH

DE��H ¿º »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó �̧¿º\�"f, MSE��H ���
30% y���è\�¦ MSPE��H ��� 50% y���è\�¦ �Ðs��¦ e����. s���� ���õ���H ���Ér »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó
\�"f�̧ ¹1Ô���̂¦ Ãº e����. ìøÍ��� ŶREGü< ŶDEREG_� MSE��H y���è�t� ·ú§�¦ {9�&ñ
 Ãºï�r�̀¦ Ä»
t���¦ e��Ü¼�� MSPE��H ��� 20%_� y���è\�¦ �Ðs��¦ e����. s���H »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó_� ÄºÃº
$í
�̀¦ �Ð#�ÅÒ��H �.���s	כ s��Qô�Ç ���õ���H ��«ÑÃº�� 7£x��Ùþ¡�̀¦ �â
Äº�̧ ��ðøÍ��t�s���. ���$� ��
«ÑÃº�� 3,000\�"f 4,000Ü¼�Ð 7£x��½+É M:, �̧��H ÆÒ&ñ
|¾Ó\�"f MSEü< MSPE�� y���è�%i���. \V
\�¦ [þt#Q ŶDE��H ³ð�:r Ãº_� 7£x���Ð MSEü< MSPE�� ��� 40%&ñ
�̧ y���è�%i���. s�\� ìøÍ�#�
ŶREGü< ŶDEREG_� MSEü< MSPE��H �©�@/&h�Ü¼�Ð ����Ér y���è\�¦ �Ðs��¦ e����. s�]j »¡¤�è �è
t�%i� ÆÒ&ñ
|¾Ó�̀¦ ¶ú�(R�Ð��. \V\�¦ [þt#Q ŶDEü< Ŷ SH

DE\�¦ q��§K� �Ð��� ��� 30%_� MSE�� y���è�
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%i��¦ ��� 40%_� MSPE y���è\�¦ �Ðs��¦ e����. s���� ���õ���H ���Ér ÆÒ&ñ
|¾Ó\�"f�̧ ¹1Ô�̀¦ Ãº e����.
Õª�Q�� ��«ÑÃº�� 3,000��� �â
Äºü< °ú s� ŶREGü< ŶDEREG_� MSE��H y���è�t� ·ú§�¦ {9�&ñ
 Ãº
ï�r�̀¦ Ä»t���¦ e����H ìøÍ��� MSPE��H ��� 20%_� y���è\�¦ �Ðs��¦ e����. ��«ÑÃº�� 5,000��� �â
Äº
\�¦ �Ð��� ��«ÑÃº_� 7£x���Ð ŶDE�� B�Äº ÄºÃºô�Ç ���õ�\�¦ ÅÒ�¦ e����. s�\� q�K� ³ð�:r Ãº_� 7£x
��\��̧ Ô�¦½̈��¦ ŶREGü< ŶDEREG_� MSE��H �©�@/&h�Ü¼�Ð ����Ér y���è\�¦ �Ðs��¦ e����. ìøÍ���
MSPE_� �â
Äº ŶREG�Ð�� ŶDEREG�� �8 ú́§�Ér y���è\�¦ �Ðs��¦ e����. ��«ÑÃº�� 5,000��� �â
Äº
Ŷ {(1 + CV 2)/(1 + 3CV 2)}ü< Ŷ e−2CV 2

_� ���õ�\� ���çß�_� 	�s�\�¦ �Ðs��¦ e��Ü¼�� ����:r&h�Ü¼�Ð

Ŷ {(1+CV 2)/(1+3CV 2)}��ÄºÃºô�Ç���õ�\�¦ÅÒ�¦e����.s�:�x>�|¾Ó�Ér CV�� ð0ñ\�����î�r�â

Äº Ŷ�Ð B�Äº 	�H CV\�"f��H (1/3)Ŷ�� ÷&Ù¼�Ð s� ½̈çß�\�"f %3�#Q�����. ìøÍ��� Ŷ e−2CV 2

��� �â
Äº

B�Äº 	�H CV\�"f ð0ñ\� ����î�r ���õ�\�¦ %3�>� �)a��. Óüt�:r �:r �7Hë�H\�"f ��&ñ
ô�Ç ��Ér	כ CV�� ���

����H �s�Ù¼�Ð	כ CV�� ����Ér �â
Äº\���H ¿º ���õ�\���H 	�s��� \O��̀¦ �.���s	כ s�]j »¡¤�è ÆÒ&ñ
|¾Ó�̀¦
�Ð��� ����̂&h�Ü¼�Ð MSE��H 5–10%�� MSPE��H 0–20%&ñ
�̧�� y���è�%i�6£§�̀¦ SX���� ½+É Ãº e����.
s��©��̀¦ 7áx½+Ë�#� �Ð��� »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó_� MSPE ÷�r ��m��� MSE�̧ y���è�%i�6£§�̀¦ ·ú� Ãº
e����.

5. l5æ*́0

�èt�%i�ÆÒ&ñ
\� �'aô�Ç ú́§�Ér ���½̈�� ���'��H�d\� ���� #��Q �èt�%i� ÆÒ&ñ
|¾Ós� ]jîß�÷&�¦ e��Ü¼ 9

y�� �èt�%i� ÆÒ&ñ
|¾Ó\� @/ô�Ç q��§�� #��Q ���\�"f ����Ð÷&�¦ e����. �:r �7Hë�H\�"f��H MSPE\�¦ l�ï�r
Ü¼�Ð ô�Ç »¡¤�è�èt�%i�ÆÒ&ñ
|¾Ó�̀¦ ]jîß��%i�Ü¼ 9 �̧_�z�́+«>���õ� MSPE��	�H ;�¤Ü¼�Ðy���è�%i�6£§
�̀¦ SX�����%i���. ¢̧ô�Ç MSE�̧ y���è�<Ê�̀¦ �̂¦ Ãº e����. MSE_� y���è��H »¡¤�è \V8£¤|¾Ó\�"f %3��̀¦ Ãº
e����H {9�ìøÍ&h���� ���õ���H ��m� 9 Parkõ� Shin (2006)_� ���õ�\�¦ ¶ú�(R�Ð��� 	�H MSPE_� y���è\�¦
�Ðs���H ìøÍ��� MSE��H ���çß� 7£x�����H �¦̀�	כ ·ú� Ãº e����. 7£¤ »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó�Ér B�Äº ×�æ¹כô�Ç
l�ï�r��� MSE\�¦ 7£x��r�v���H éß�&h�s� e��Ü¼ 9, �̧��H ��«Ñ�� �ª�Ãº{9� �â
Äºëß� ��6 x��0px�����H éß�
&h�s� e����. ¢̧ô�Ç »¡¤�è �èt�%i� ÆÒ&ñ
|¾Ó�Ér Ô�¦¼#� ÆÒ&ñ
|¾Ós� ����� �¦̀�	כ SX���� ½+É Ãº e����. s��©�_�
�©�&h�õ� éß�&h�\��̧ Ô�¦½̈��¦ MSPE\�¦ ��6 x½+É Ãº e����H �̧|	�s� ëß�7á¤�)a�����, »¡¤�è �èt�%i� ÆÒ&ñ

|¾Ó�Ér Z�}�Ér �̧	�q�Ö�¦�̀¦ ÅÒ��H ����Ér �èt�%i�_� ÆÒ&ñ
\� ��6 x|̈c �â
Äº ÄºÃºô�Ç ���õ�\�¦ ×�¦ Ãº e���̀¦

�Ü¼�Ð	כ Òqty���)a��.
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Shrinkage Prediction for Small Area Estimations∗

Hee-Jin Hwang1) Key-Il Shin2)

Abstract

Many small area estimation methods have been suggested. Also for the comparison

of the estimation methods, model diagnostic checking techniques have been studied.

Almost all of the small area estimators were developed by minimizing MSE(Mean square

error) and so the MSE is the well-known comparison criterion for superiority. In this

paper we suggested a new small area estimator based on minimizing MSPE(Mean

square percentage error) which is recently re-highlighted. Also we compared the new

suggested estimator with the estimators explained in Shin et al. (2007) using MSE,

MSPE and other diagnostic checking criteria.

Keywords: Small area estimation methods, spatial statistics, shrinkage predictor,
MSPE(Mean square percentage error).

∗ This research was supported by the research fund of Hankuk University of Foreign Studies, 2007.

1) Graduate Student, Dept. of Statistics, Hankuk University of Foreign Studies, San89, Wangsan,

Mohyun-dong, Yongin-si, Kyonggi-Do 449-791, Korea.

E-mail: lshhj01@naver.com

2) Corresponding author. Professor, Dept. of Statistics, Hankuk University of Foreign Studies, San89,

Wangsan, Mohyun-dong, Yongin-si, Kyonggi-Do 449-791, Korea.

E-mail: keyshin@hufs.ac.kr


