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STUVWXYZ[\]^_JK`aVWZbcdefghi2011SZJK`�jk`�
VW`l1990SmnoZpqr^_lstu�JK�vZwxyh1980Sm^_lzx]
{|tip}ZJK`l~j��]�zi��`(B)uJKZ����daz��(Blimit)d
��y�tzZ��ABC�fZh�Z����1-1)-(2)d�t����"�Z���]��
�zVW�Y(Fmed)dB/Blimit�����hFrec]^_ABCd�fghi��lHI� �
��_�2011S]l13¡XZ¢£�¤u¥¦c§�¥¦�Z¨k©l4.1%�ªj«©l0.16
aefc§hi

 2013SABC JK¬­�v F� VW®3

ABClimit   920¯8 Frec 0.49  24% 
ABCtarget   771¯8 0.8Frec 0.39  20% 
F��VW�Y�l°STZ±²�VW®3lVW³`/JK³`i

S JK`�¯8� VW`�¯8� F� VW®3

 2010   3,844 1,436 0.97  37% 
 2011   3,568 1,368 0.85  38% 
 2012   3,761    
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�·JK¸¹]º�gh»:97¼¯l½�Za¾_

»:97¼¯ �¿ÀÁ�"�ÂÃÄ

STUÅSUVWXY VÆÇÈÆ��ÉÊSÁ�01��Ë�

ÌU�ÍU�VÎU�Ï`�	
��VÆÂÐÑÒ��

ÌUÓÔÕÖÂÃ�#$%×*O(11),&�
ÓÔ-Ó³ÂÃ�ÓÔ-STØfÂÃ�DE&�FG&�

VWÙÚ` ÛÆÜÝYÂÃ�	
��VÆÂÐÑÒ��

Þßàá�Y(M)  S�h_M=0.3dâf
�¤¥¦�¨k© ãä¥¦�¨k©ÂÃ�#$%×FG(7),&���789:�
�¤¥¦XY �*+��%Ä(7),&���789:�
Í
OaÂÃådæ1]ç�i

��������

èéêl	
��]¾ëzpì³í|��Zîaï��zi1970SmxðsWZ��u
ñthu�JK`�VW`aì]1980Smnoxðòóghi1998S]ôõÍaö÷	

�øVZÞùúVuûü_�2002×2011Sý]�þghJK��Ê �l��¤d¥¦�
zaaì]�¦g��Z�3t��aúVr�fd�a�zVWÙÚ`	ód
yh��

� 2003�
1 2003�i�§ðZ��l�2012Sý½�ì�h|�Õ���zJK¬­P�Å
Ê Z���ñg��þg�tz�æ2�i2011SZ�¤Z�«¥¦XYl13¡4�X��
yhi

���� �

�1�O�Å��
3×4Ì]������×�������Mn��×� Í^_��uôõÍ×!"Í]

�#���ziö÷	
$4%l&$xð'��z�1(x 1919��) 1971�i*Í%l
&4Z+4ì,¶�z�-�(x 2005�i5ÌZù�#)l*Íxðö÷	
��6Ìl!
"Í],z�.� 1988�1989�iø/]0���]12���z�æ3�4�i

�2�STÅÖÔ
34l6×85��6uÔ4��z�.�(x 1985�i1980SmlÖÔu78�.�(x 1985�
�9Å:� 1993��}Sl;t�<=Å!4 1996�>E 1996�DE& 1999�-�?%� 2003�
�9 2010a��æ5�i@+STZ�ÓZ*ABlJK`uó{gh1990Smno½�CD
a|y�tz�æ7�E5�i

�3�ÖFÅ�#
}SZÖF©l-�(2006)d�G]05�0%�15�50%�25�½:100%agh�æ6�i
�#rl5×6Ì��ôõÍ�ö÷	
�*Í^_HH7§�!"Í�ûüz�.�?I�

1989�JK 1993�i&4Zù�#)lôõÍZLM	�NOM	�ö÷	
Z�	��$
4l*Í$P+QZ	]RÖc§z�	
����STUVI 1972�is��#��6Z
ÖFZ�!l�ÈWFýPY�=�ÈW³`g/XXÔmm3•107�u4½:agh�JK 1991�i
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¥¦15�ZÖFýlYß�aZu[�ð§|t�%\?]� 2006�i�#�^l5×10mü
hl½^�#lE_]`:g�O��al14.6×22.7b��z�.� 1988�i

�4�cde"�
Tfgr]lh9ijkélÄZm�ddeg(Shoji et al. 1997)�ÖÔ�zah9ijk
él�khnoÄ�pdùe�zi

!��"#�$%�

�1�VÆZqí
r/]��%'��z1×25½:d�ø/]��xð����aMn���],¶�z0
×15�dVW�zi¦g��upìs8�2011SlVW`Z61%ds��tu¾^�vu
u18%��yhiwZ(xZVÎag��l|ïx��ìVW�zi|¾�0���ly_
uùÓ��zi�zV{]^zVWl|ti

�2�VW`Ze,
	
��
ZVW`l1975Sü�l|1�×2�¯8�1976×1984Sl3�×4�¯8�e

,ghi1985×1987Sl6�¯8NnZpsa|_�1988Sxðòóg�1998S]l2}¯
8d��yhiwZnHH~jg�2002×2011Sl1�¯8~�e,g�tz�æ8�E1�
2�i

�3�VWÙÚ`
1968Sxð2×3S��:ê:��d�th�Ï�Z!�B��) 1971�u���zaa

ì]¦��ZÜYu~jg�05�d� a�zøVì��]
�§z^�]|yhi1985
S�xðnk�8���ZQk]^_��«©u�:g�:� 1990��9 1991��9
2010b���xt��]^z
A�ZVWu�����(x 1996��1986S]ôõÍ�l|
ïx�u��gh���Å�� 1993�i1998SxðôõÍaö÷	
�VÆ�uøVdÞ
ùúV�zaaì]	
��&4����¤¥¦uSûc§�2002S4ÌxðJK��Ê 
]��t�¦��Z�3��aúVr�fdùÓ�z��d�þg�tz�æ2�i2003S
½�Zr/Z¦��ZÛÆÝYlDE&a=>&d�t�ó{��]�z�æ9�iø/Z
¦��Vìq�ó{����æ10��;<&Zl|ïx�a=>&Z���ZÛÆÝYì
{|8|yh�æ11�iüh�p}5S�Z¦g��atu?vuZÙÚ�h_VWXYu
~j��]�z�æ12�i

������$ �

�1�JK¸¹Z�Î
1987S½�Z�SZSTUVWXY]��8��:¯[\]^_JKXYdefghi

�����}Z2011SZVW�Y(F)d�N3SZ±²ag�Ê�gh��l�}S5S��
l>�t��a|_�JK`ì�����2012SlNSZÊ���Z6�¯8bxð3�¯
8 ]|z|¡*�8et¢yhicð]�2007×2011SZ¦g��atu¾^�vuZ
ÙÚ�h_VWXYu~j��]�z�aaì+£g|ti�ZK¤ag�2011SZ�¥
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ZVW¦u�Z�Î]^zef�^_qxyh§¨©uG�ð§hi�Zh��0VÎZ

ÛÆÝY�h_VWXYdPãag��}SZFZjª:«8�d
yh�¬­J®2�i

�2�VW¯ZSTÕÖ
JK�vZwxyh1980Sml3×45�uùÓ��yh�:� 1990�.� 1990�i1990

Sml35�½:Z®3uq�g��� 1996�°=(x 1997��VWuHH��gh2002
S½�ì35�½:l�±x��zi05�l1994Sü�lY²¡Xd1��thu�1995
Sxðq�va|yhi2002S�2008S�2010Sl³´µst�æ13�E3�4�i

�3�JK`aVW®3Ze,
JK`l1998Sü�*�8ó{g1�¯8d��yhi1999Sxð2003Sü�¶·]~j
g�3�¯8d¸�hnl>�tZn�p}l~j��]�zi}SZVW®3l40%Nn
��z�æ14�E7�i

�4�JKZ�vÅ¶�
JK�vlJK`dPãag�æ14��psap{Z�d3Og�¹qµº�¶�lp}

5S�2007×2011S�ZJKXYaJK`Ze,xð¹~jºa»¼ghi

�5����"�
��:¯[\]^_Ê�ghJKXYxð¹�9��¤¥¦«�º]½¾z�Î�Ê�g
h¥¦�¤]¿'�zXY�E9�dZg�t�Yß¿'ZJKXYdÀ�h�E12�i�
�`�Yß¿'05�JKXY��zjk`aì]1998Sü�ó{g�1999S½�HH~j
gh�æ15�i��`�h_jk`��z���ÖÁ©(RPS)ZÂSÃBdÄza1996Sü
�q���dh¡_�1998Sü�q�v�2002S]xë�:Åghi2003×2007Slq�
��2008Slw8|yhi2011SlHHqt�æ16�E12�i

�6�BlimitZ�f
JKÊ�gh1987SxðefÆZu*�t2011Sd�82010Sü�]ït��RPSZwt

�xð10%ZRPShighl0.78X/kg�jk`Zst�xð10%ZRhighl3,072�X��yhi�
§ðZÇÈxð�wt���ÖÁ©(RPShigh)u�yha�]wtjk`(Rhigh)urÉ��
z��`3,961¯8dBlimitagh�æ15�i|¾�1983S��1985Sìjk`usxyh�:
� 1990, !4 1993�i

�7�[\ZÊýO\
Þßàá�Y(M)Z�dÃËgh)3�JK`���`�jk`ef�Z¶�]*�|¢
tl|8�M=0.3]�g�M=0.4ühl0.2�À�h�l�JK`a��`�10%Ì_�jk
`�20%NnZZdçgh�æ17×19�i

�8�JKaVWZ"�
2003S½�Z��`Zó{]Ít�15�½:ZFl2000SNn^_HHw��e,g�
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tzi15�ZFl2006S½�q���]�zi+��05�ZFlq�0.1ÎÏZq�dÐÑ
g�tz�æ20�21�E8�i2011SZ°STZFZ±²�(Fcurrent)l0.85��Â(µ|JK
¬­�vZF30%SPR�F0.1�Fmax^_wt�æ22�i

�9��¤¥¦«�
�¤¥¦l1999SôõÍ�ûü_�2002S½�	
��Z&$0����þg�tz�E

9�i¥¦�uJK]jk�zü�Z�Ò©��zªj«©l�jkÓr��z9Ì1Ý]¾
ëz¥¦�¿'Z05�JKXYd�«¥¦XY��g�Ê�gh�E6�E9�¬­J®(5)�i
±²ªj«©l0.22���«¥¦XYZ±²l16¡9�X��yhi2007×2010SZ¥¦�
¨k©lö÷	
½&Z&4¥¦ÔZ�u*Í½$Z$4¥¦Ô^_wt�FG& 2008�
#$%& 2009�*+, 2010�DE& 2011�i|¾��¤¥¦uYß�ZÖÔ]*�|Õ
Öd�×��al[�ð§�t|t�
Ø(x 2008�iÙÔ°ÓZSÚÔU�STUZ¥
¦�¨k©awZÂÃXYdE10a11]���`�YßT�Z05�XY�RPSdE12]ç
�i}SZ¥¦�¨k©lJKu~jgh�a]^_q���]�zi

&���'�!�()*�+,�

�1�JK¸¹Züa�
JK�vlqµ��¶�l~j��ziJK`l2002S½��1990SmnoZpqr^

_stÛÜuñt�tzu�ÝÞZ��`lBlimitd��y�tzi1990SmnoZJK`
ó{]ÍtCDa|yh�ÓZ*ABaßF��l[àc§�t|ti{|8aìÝÛ½

:ZJK����d�þÅ�ñ�záíu�zi

|¾�âSýÁãäa³´g��}SZJK`]*�|¢tu�åhi����2011S
Z�lâSýZ6,759¯8]�g�æSýl3,568¯8a|yhi�Z­¿ag����:¯
[\]¾t���}SZ�çT�ZJKXYZefèýuq8|z�aa�a_�ë�Ù

Ô�l05ZVru9Ìxðûüzh�]12Ìü�Z4xÌ]�ð§z�auéêdëëz
)3u�z�auG�ð§ziÌU�ÍU�VÎUZ�Ï`Z�ì�ÁãäíÖÓ]îy

�tzZlNS12Ìü�ZO��zu�"�!"aìUVg��S3Ì�ü�ZJ®Zï�
Z§¨©dðñg�05�JKXYZ[\èýd�:còz�aìóô��zi

�2�ABCõ�]efVW`Z�f
��`uBlimitd��y�tzZ��¹±Ö24SýABC�fZh�Z����º1-1)-(2)

d�thi�v�lRPSZ���ZöYxðQthFmedd�thiwZÊ�r�d���
�ÖÁ©(RPS)u2002Sup*��wZn5S�uq��2010Sü�Z3S�uw��e,g
h�adG÷g�2003×2010Sag�RPSZ���=0.42X/kg�Fmed=0.93dÀ�hi�Z�
v�dB/Blimit(0.53)�����hFdFrec=Flimit=0.49ag�Flimit]!°©��ãv�Z0.8�
døå�Ftarget=0.39aghi�§ðZFa2013SZefJKXYaSTUÓ³xð�
ABClimitl920¯8�ABCtargetl771¯8a|yhi
VW`�JK`ÄZ Ø�Îa�wZ¥Z¥¦�¤Zùtl¬­J®2]ú½ghi
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 2013SABC JK¬­�v F� VW®3

ABClimit   920¯8 Frec 0.49  24% 
ABCtarget   771¯8 0.8Frec 0.39  20% 
F��VW�Y�l°STZ±²�VW®3lVW³`/JK³`i

VWlnûü �  2011 2012 2013 2014 2015 2016 2017 

� ¬­�v VW`�¯8�

��`Z~* Frec(F=0.49) 1,368 1,401 920 1,201 1,470 1,802 2,193 

 ýµ�� 0.8Frec(F=0.39) 1,368 1,401 771 1,079 1,396 1,804 2,312 

� ¬­�v JK`�¯8�

��`Z~* Frec(F=0.49) 3,568 3,761 3,798 4,752 5,820 7,119 8,659 

 ýµ�� 0.8Frec(F=0.39) 3,568 3,761 3,798 5,031 6,507 8,394 10,751 

� � � ������	�
F 
 ��
� 2011 2012 2013 2014 2015 2016 2017 
0.00 þV 1,368 1,401 0 0 0 0 0 
0.08 0.1Fcurrent 1,368 1,401 195 347 550 857 1,314 
0.17 0.2Fcurrent 1,368 1,401 374 620 924 1,361 1,981 
0.25 0.3Fcurrent 1,368 1,401 537 832 1,172 1,639 2,268 
0.34 0.4Fcurrent 1,368 1,401 686 997 1,331 1,771 2,336 
0.42 0.5Fcurrent 1,368 1,401 823 1,124 1,427 1,811 2,281 
0.51 0.6Fcurrent 1,368 1,401 949 1,221 1,478 1,794 2,161 
0.59 0.7Fcurrent 1,368 1,401 1,064 1,295 1,499 1,742 2,011 
0.68 0.8Fcurrent 1,368 1,401 1,170 1,349 1,497 1,669 1,852 
0.76 0.9Fcurrent 1,368 1,401 1,268 1,388 1,481 1,586 1,693 
0.85 Fcurrent 1,368 1,401 1,358 1,415 1,454 1,499 1,542 

� � ������	�
0.00 þV 3,568 3,761 3,798 6,469 10,811 17,856 28,978 
0.08 0.1Fcurrent 3,568 3,761 3,798 6,106 9,598 14,946 22,942 
0.17 0.2Fcurrent 3,568 3,761 3,798 5,774 8,565 12,613 18,359 
0.25 0.3Fcurrent 3,568 3,761 3,798 5,469 7,681 10,728 14,842 
0.34 0.4Fcurrent 3,568 3,761 3,798 5,190 6,920 9,192 12,116 
0.42 0.5Fcurrent 3,568 3,761 3,798 4,934 6,263 7,932 9,981 
0.51 0.6Fcurrent 3,568 3,761 3,798 4,698 5,692 6,891 8,295 
0.59 0.7Fcurrent 3,568 3,761 3,798 4,481 5,195 6,023 6,951 
0.68 0.8Fcurrent 3,568 3,761 3,798 4,281 4,759 5,296 5,870 
0.76 0.9Fcurrent 3,568 3,761 3,798 4,097 4,376 4,682 4,994 
0.85 Fcurrent 3,568 3,761 3,798 3,926 4,037 4,160 4,278 

�3�ABClimitZ¸¹
jk`ZÃ¶dG÷g��2003×2010SZRPSZ���aO�dw§�§±²�O�a�

z��O�]��^�]�í��	gh�dRPSag��
'5S�ZVW`�JK`��
�`d1,000�Z�_�gÊ�d
yhi�Z��l:úZ
f�µ|ef��a^8+£
g�tz�æ23×25�iRPSZÃ¶�u*�t�a]^_�Frec�0.8Frecaì]5SnZ 
ØVW`Z80%
�Z:�Z�]l*�|Zu�åhiFrec�¬­d�ñgh)3�5Sn
Z��`uBlimitd���z�©l90%�� ýµ��Z0.8Frec�l98%a|yhi|¾�
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�G�ag�Fcurrent�VWd�ñgh)3�Blimitd���z�©l15%��yhi

VWlnûü
�¬­�v�

F�
�Fcurrenta
Z³´�

VW
®3


'VW` ¸¹

2013SABC5Sn 5S
±²

Blimit��
�5Sn�

��`Z~*
(B/Blimit×Fmed) 

(Frec)
0.49 

(0.58Fcurrent) 24% 1,826×
3,981¯8

1,517
¯8

 90%     920¯8

:úZ ýµ��
(�Frec)

0.39 
(0.46Fcurrent) 20% 1,875×

4,231¯8
1,472
¯8

 98%     771¯8
2013S�fVW`

VW¦ZÐÑ
(Fcurrent)

0.85 
(1.00Fcurrent) 36% 1,218×

2,817¯8
1,454
¯8

 15% 1,538¯8

��`lBlimitd��y�tzi
�ÙÔZABC�f]l����1-1)-(2)d�thi
���©dG÷g�!°©�d0.8aghi
5SnVW`Z�l80%
�dç�i�Z�a¸¹Z�Ö�©ljk`ZÃ¶dG÷gh
1,000��_�gÊ�]^_À�hi

�4�ABCZ�¸¹
âSý¸¹½��jc§h

»:97¼¯
��ÅË�c§hY�

2010SVW`�f�  2010SZVW`��STUÅSUVWXY
 2006S½�ZSTUJKXY�JK`�VW�Y

'ZJK`��VW`Z Ø�

2011SVW`;Á�
2011SSTÕÖ

 2011SZVW`��STUÅSUVWXY
 2007S½�ZSTUJKXY�JK`�VW�Y

'ZJK`��VW`Z Ø�

2011S�¤¥¦�¨k©
2011S�¤¥¦XY

 2011Sªj«©�¥¦�Z�Ò©

'ZJK`��VW`Z Ø�

¸¹� S
��gÅ�¸¹�

¬­�v F� ���
���	�

ABClimit
�¯8�

ABCtarget 
�¯8�

VW`
�¯8�

2011S��g� Frec 0.30 4,235  734  605 
2011S�2011S�¸¹� Frec 0.29 6,579 1,033  848 
2011S�2012S�¸¹� Frec 0.49 3,568  929  779 1,368 
2012S��g� Frec 0.33 6,824 1,216 1,004 
2012S�2012S�¸¹� Frec 0.49 3,761  959  807 

F�lFlimit�ST±²i2011S�2011S�¸¹�a2012S��g�ZF�u�|zZlâS
Z�¸¹Ó]lFmedZ�	ü��yhh�i

-��()*./�0123�45�

èéê	
��ÙÔZ}SZJK`l�2002Sýxð2011Sýü��þc§hèéê	

��ÙÔJK��Ê Z�ã��z2000SZJK`d65%��:�h�Z2�5}¯8d
:�y�e,g�¾_��ZÊ Z�ãl�Öc§hi+��2011SZefJK`3�6}
¯8l1987SZ22%]a¡üy�tziüh�STÕÖuçT]�y�tzh�05�ZT
�u{|tSuñ8aJK�vuq��z§¨©uwti

èéêZ�Ü]�÷gh¬­dG�za�}S5%d��y�e,g�tzJKXY°Ó
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]s�z35�½:Z®3u10%�ýü�]~jg��Óu*A�ßFZÝÛxð
ABa
�Fu[�ð§z�ad����ZPãa�z�auáí��ziwZh�]l�ÝÛ½

:ZVW��d�þÅ�ñg��1SÚÔZT�dÉï�au�ügti

�¤¥¦aVW¦ÂÐZÕ3ò]^z5SnZJK`aVW`Z'�dæ25]ç�i�Z
��]^§�����Fd10%~jcòh)3ZJK`Zó{d¬�h�]áí|¥¦XY
l37¡X�VW`d¬�h�]l31¡XaÊ�c§zi+��¥¦d�þò±]VW��
]^y�ÝÛ�ña@åJK`d�Ý�zh�]lFZ8%	óu�VW`�Ý]l12%	ó
uáía|zi

6��789:�

!4 !(1993) *+,]¾ëzVW¶�.¹	
��&4�]¾ëz��©�pZJK�Ü
ÂÃ èéêZJK�ÜÂÃ º�1
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243-249. 
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 w = 1.31×10-5×FL2.89 aghi

Å�Í��VÎUZÓÔ�ÚUVWXYdÌ�]�Êghi

ÅDE�FG0&]^zSTÃf��a1ï2(2002)Zp
�øÎ]^_¨3��O�d�
STZ��O�]O[g�ÓÔ�Ú�ZSTÕÖ(Age-length key)dÀ��ÌUSTUVWX
YdÊ�ghi1998Sü�Z55½:a1999S½�Z45�½:ZXYl���{|tZ�
+@ghi

ÅÌUSTUVWXYdS�]�Êghi

(2)��:¯[\]^zJKXYÄZef�jª:«8�½N�
SUSTUVWXY]��t�Pope(1972)]^_STUJKXYaVW�YdÊ�ghi

Na,y=Na+1,y+1 exp(M)+Ca,yexp(M/2)

1987×1998Sl55½:d+@g�45a55½:ZVW�YuÄgtaâfghi

N4,y=N5+,y+1 exp(M) Na,y
C4,y

C4,y+C5+,y
+C4,y�exp(M/2)

N5+,y=N4,y
C5+,y

C4,y

Fa,y=-ln �1-
Ca,y
Na,y

exp(M/2)�

F5+,y=F4,y

1999S½�l45½:d+@g�35a45½:ZVW�YuÄgtaâfghi

N3,y=N4+,y+1 exp(M) Na,y
C3,y

C3,y+C4+,y
+C3,y�exp(M/2)

N4+,y=N3,y
C4+,y

C3,y

Fa,y= ln �1
Ca,y
Na,y

exp(M/2)�
F4+,y=F3,y

2011SZFaJKXYl¶Za�À�hi

Fa,2011=
Fa,2008+Fa,2009+Fa,2010

3

Na,2011=Ca,2011
exp(M/2)

1-exp(-Fa,2011)

����Na,ylySZa5�ZJKXY�Ca,yl@`]VWXY�Fa,ylVW�YiMlÞßà
á�Y���?��Z�Î��� 1960�]^_�34d85ag� 2.5/8�0.3 ^_�S�h
_0.3aghi

(3)jª:«8�]^z�}SZVW�YZef
PYag�¶ZEaæ12]ç��ïZPã�d�thi�§ðl�,&ZÀÁ]��t�
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(4)SPR�YPRZÊ�
SPR�YPRl¶Za�Ê�ghi

SPR= � Sa

8

a 0

fraWa

YPR= � Fa
Fa+M

8

a 0

�1-exp(-Fa-M)�SaWa
S0=1����Sa+1=Saexp(-Fa-M)

����Sala5]¾ëzÒ¥©�fral@`]ÖF®3�Wal@`]±²Ó³dç�i

(5)
' Ø

'ZJKXYaVWXYl¶Za�À�hi

N0,y= �NafraWa

4+

a 0

×RPS + �«¥¦XY × ¥¦��Ò©

Na,y=Na-1,y-1exp(-Fa-1,y-1-M)
N4+,y=N3,y-1exp(-F3,y-1-M)+N4+,y-1exp(-F4+,y-1-M)
Ca,y=Na,y�1- exp�-Fa,y�
exp(M/2) 

2012SZ�STZVW�Yl2011SaÄgtaâfghi2013S½�ZVW�Yl��S
TZ ¡©u2008×2010SZ±²a@+aZâfZìa�¦·]^_ÃBcòhiüh�

f�µ Ø]¾ëzRPSl2003×2010SZRPSZ����0.42X/kg��¥¦XYl2002×
2011SZ±²�16¡9�X��¥¦��Ò©l2002×2011S]¾ëzÊ�:ZSgZ05�
JKXYd�«¥¦XY��gh§Z±²(0.28)aghi

(6)ªj«©ZÊ�
�SZMZ0.3]9Ì½�Z4xÌu1S]s�z®3døå�¨h0.1dMag���:¯

[\]^_9Ì1Ý]¾ëzJKXYdefghi�,&]^z©�Z�ûªû8�8«¬
i�8ãäÂÃ��]��t�À�hÍ�Z¨k©dVW`�j³±²g�ÙÔ°ÓZ¥

¦�¨k©defghiN�dn���gh§]^_ªj«©dÊ�ghi|¾�05�Z
¥¦�¨k©l'(ÛÆZ�d­®�aì�y��!faG�ð§zZ��}Z2011Sd
�t�15ÓZ�d�thiüh��«¥¦XY]¾ëz*A¥¦�l7cm½:�
Al7cm
ÎÏaghi

�

789:�

Pope, J. G. (1972) An investigation of the accuracy of virtual population analysis using cohort analysis. 
ICNAF Res. Bull., (9), 65-74. 

��N+(1960) ���¯ZPopulation DynamicsaVÆJK¬­. &���Á, (28), 1-200. 
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1.

1965 39 24 432 133 106 45 46 409 245 0 54 1,533
1966 51 10 461 256 121 36 35 793 151 0 54 1,968
1967 58 20 288 76 60 70 25 364 176 0 61 1,198
1968 21 14 181 114 207 21 18 308 240 0 98 1,222
1969 28 11 134 74 147 31 32 202 196 0 136 991
1970 24 31 182 44 102 52 37 92 254 0 972 1,790
1971 33 15 211 31 252 65 37 110 319 12 169 1,254
1972 28 8 244 114 191 41 24 236 411 7 176 1,480
1973 29 8 154 41 389 24 23 113 469 3 101 1,354
1974 24 21 93 19 268 63 30 75 495 4 80 1,172
1975 55 11 283 13 424 31 47 143 526 22 167 1,722
1976 68 41 334 56 477 42 68 192 873 1 315 2,467
1977 62 41 605 102 479 106 115 201 847 6 457 3,021
1978 84 27 325 100 670 80 63 270 1,054 37 463 3,173
1979 40 13 367 149 746 109 64 332 784 20 400 3,024
1980 48 9 171 88 512 223 71 727 1,387 27 782 4,045
1981 77 12 291 111 311 143 70 436 1,426 71 212 3,160
1982 125 35 571 108 340 164 79 361 807 64 331 2,985
1983 124 240 546 154 258 150 75 590 872 45 130 3,184
1984 174 116 854 274 240 190 208 593 893 37 314 3,893
1985 238 198 1,683 376 253 146 277 821 1,602 0 222 5,816
1986 223 106 1,877 535 348 215 232 1,077 1,479 0 286 6,378
1987 237 62 2,378 365 369 136 209 1,000 1,055 2 184 5,997
1988 300 41 1,666 271 275 118 338 684 647 10 135 4,485
1989 152 37 1,078 329 307 85 172 657 1,004 0 81 3,902
1990 135 39 994 224 268 74 227 464 538 0 66 3,029
1991 132 16 952 237 234 71 258 622 415 0 84 3,021
1992 65 114 780 153 238 11 217 482 530 0 33 2,623
1993 88 43 518 108 185 9 123 414 598 0 34 2,120
1994 57 54 345 71 115 4 122 215 275 0 13 1,271
1995 52 28 289 49 85 2 114 209 199 0 2 1,029
1996 30 19 140 29 87 1 23 110 162 0 2 603
1997 16 13 70 17 75 0 13 57 174 1 6 442
1998 15 3 33 6 65 0 12 20 44 0 1 199
1999 16 14 40 5 49 1 18 33 83 0 4 263
2000 36 12 105 7 41 2 55 38 185 0 31 512
2001 45 12 87 8 18 12 83 58 195 1 96 615
2002 78 46 172 23 32 79 153 72 231 2 120 1,008
2003 64 19 248 19 46 96 149 85 441 5 117 1,289
2004 54 19 183 76 60 78 79 308 454 7 147 1,465
2005 43 33 124 29 57 146 58 143 425 8 158 1,224
2006 47 67 187 15 40 139 162 127 383 8 108 1,283
2007 45 44 144 18 31 82 172 104 323 4 115 1,082
2008 47 24 85 20 48 82 159 141 312 12 183 1,113
2009 73 59 213 17 50 123 255 143 339 4 106 1,382
2010 58 41 218 22 48 116 228 233 293 3 176 1,436
2011 52 46 198 38 45 117 125 376 252 3 116 1,368
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2.

1968 31 45 434 173 61 125 16 1,222 312 234
1969 68 26 317 105 40 173 28 991 135 176
1970 115 75 361 97 102 490 217 1,790 171 232
1971 83 38 294 66 78 211 90 1,254 182 233
1972 59 26 465 173 97 228 74 1,480 122 335
1973 63 20 226 74 129 129 26 1,354 122 154
1974 75 45 120 62 165 133 91 1,172 91 169
1975 140 64 262 75 142 420 55 1,722 135 144
1976 211 87 354 92 125 640 41 2,467 113 117
1977 282 132 530 178 137 475 260 3,021 159 157
1978 315 46 359 274 722 465 268 418 306 3,173 173 327
1979 238 34 430 424 459 396 299 564 181 3,024 173 166
1980 241 31 121 649 944 440 238 926 455 4,045 144 267
1981 262 63 268 330 1,178 255 227 342 235 3,160 163 363
1982 492 157 282 325 536 263 159 488 283 2,985 112 124
1983 409 333 493 446 703 249 153 259 139 3,184 157 121
1984 600 323 738 535 660 251 110 451 225 3,893 196 119
1985 829 460 1,653 618 1,366 286 106 354 144 5,816 240 229
1986 581 229 2,354 848 1,162 346 159 463 235 6,378 154 202
1987 432 163 3,062 604 764 345 163 315 149 5,997 100 142
1988 707 196 2,062 348 394 248 61 361 108 4,485 80 107
1989 272 67 1,685 409 778 317 76 224 74 3,902 49 109
1990 316 114 1,410 247 367 240 70 199 67 3,029 156 73
1991 298 82 1,405 428 380 200 36 129 64 3,021 70 50
1992 224 151 1,155 313 389 241 32 113 5 2,623 61 42
1993 209 75 748 259 465 196 61 103 3 2,120 46 44
1994 167 69 500 112 218 120 46 41 0 1,271 46 34
1995 140 32 467 90 102 175 6 17 0 1,029 16 150
1996 54 20 209 56 114 124 3 23 0 603 128 15
1997 28 13 107 27 75 162 10 13 6 442 105 18
1998 25 3 51 8 20 75 6 10 0 199 113 103
1999 31 22 58 11 36 60 9 34 1 263 47 56
2000 96 21 113 15 75 65 12 115 2 512 46 244
2001 139 21 102 16 99 47 19 136 36 615 61 180
2002 232 63 201 34 141 37 38 185 79 1,008 67 351
2003 246 45 234 39 347 39 40 205 93 1,289 42 71
2004 131 26 250 259 352 76 41 251 79 1,465 45 65
2005 106 54 194 31 368 13 57 151 250 1,224 35 182
2006 268 98 162 41 262 10 32 254 154 1,281 53 189
2007 276 86 114 23 226 6 26 191 134 1,081 75 312
2008 238 51 82 50 196 11 37 287 160 1,113 43 250
2009 401 119 143 34 189 17 33 267 179 1,382 78 118
2010 343 161 107 118 202 12 42 271 179 1,436 61 275
2011 227 88 223 181 265 12 37 183 152 1,368 77 120

338
233
332
395

916
1,027

357
688
481
564
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3.

0 1 2 3 4 ( ) 5
1987 546 836 1,310 618 178 71 3,560
1988 1,452 879 616 593 180 32 3,753
1989 513 1,011 568 253 144 70 2,559
1990 783 294 405 380 166 45 2,072
1991 410 808 509 220 13 14 1,975
1992 482 629 317 169 40 7 1,645
1993 420 232 333 89 46 10 1,129
1994 340 238 54 46 17 13 707
1995 52 103 102 102 22 0 380
1996 21 54 29 81 2 0 188
1997 10 24 63 14 3 1 114
1998 8 30 13 8 2 60
1999 18 14 24 10 2 67
2000 28 106 21 20 3 178
2001 20 92 66 7 7 192
2002 83 258 79 21 3 444
2003 60 282 146 18 8 514
2004 26 185 363 15 3 592
2005 28 232 83 47 3 393
2006 26 264 112 24 4 430
2007 25 233 75 25 5 364
2008 83 177 101 35 5 402
2009 40 355 93 22 7 516
2010 106 242 185 23 4 560
2011 39 271 171 36 4 521

4.

0 1 2 3 4 ( ) 5
1987 404 1,162 2,193 1,361 499 265 5,884
1988 840 969 974 1,026 469 106 4,385
1989 345 1,018 924 667 518 310 3,782
1990 521 301 774 763 406 183 2,947
1991 366 1,003 891 581 41 55 2,937
1992 425 818 633 458 134 31 2,501
1993 391 389 804 258 151 44 2,037
1994 364 419 149 178 75 69 1,254
1995 80 181 224 407 123 3 1,018
1996 25 81 85 390 15 2 597
1997 13 43 262 88 25 7 437
1998 10 58 58 55 16 195
1999 22 30 117 68 17 254
2000 31 207 95 128 29 490
2001 22 202 272 50 57 603
2002 60 503 280 119 23 983
2003 67 579 490 94 59 1,289
2004 28 320 1,023 69 23 1,464
2005 36 607 310 251 21 1,225
2006 29 646 443 136 29 1,283
2007 35 609 274 127 36 1,082
2008 86 435 357 197 39 1,113
2009 46 815 349 116 57 1,382
2010 95 575 623 111 33 1,436
2011 45 516 582 191 34 1,368
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5.

0 1 2 3 4 ( ) 5
1987 740 1,390 1,674 2,201 2,807 3,706
1988 579 1,103 1,580 1,730 2,604 3,260
1989 673 1,007 1,626 2,636 3,595 4,442
1990 666 1,024 1,910 2,010 2,452 4,024
1991 891 1,242 1,749 2,637 3,030 3,900
1992 883 1,300 1,999 2,711 3,307 4,264
1993 931 1,675 2,416 2,906 3,306 4,299
1994 1,073 1,761 2,776 3,901 4,350 5,410
1995 1,550 1,760 2,200 4,000 5,700 6,873
1996 1,200 1,500 2,886 4,800 7,500 9,300
1997 1,315 1,800 4,166 6,416 8,001 7,800
1998 1,211 1,940 4,611 6,639 8,608
1999 1,246 2,241 4,845 6,902 7,986
2000 1,121 1,945 4,542 6,543 8,499
2001 1,110 2,184 4,152 6,770 8,591
2002 716 1,945 3,545 5,680 8,382
2003 1,110 2,053 3,348 5,151 7,564
2004 1,110 1,730 2,820 4,520 7,114
2005 1,291 2,618 3,720 5,353 8,083
2006 1,111 2,447 3,946 5,769 8,229
2007 1,364 2,614 3,646 5,080 7,471
2008 1,035 2,449 3,518 5,576 7,703
2009 1,154 2,296 3,769 5,326 7,747
2010 896 2,370 3,372 4,911 7,719
2011 1,157 1,906 3,405 5,316 7,802

6.

0 1 2 3 4 ( ) 5 3 0 9 1
1987 4,379 3,010 2,857 1,166 264 106 11,782 13% 3,640

13%1988 4,977 2,774 1,510 989 332 60 10,641 13% 4,220
1989 2,849 2,437 1,298 589 222 107 7,502 12% 2,384
1990 3,168 1,669 935 473 218 60 6,522 12% 2,672
1991 2,384 1,673 984 344 23 24 5,433 7% 1,993
1992 1,339 1,413 544 291 65 12 3,664 10% 1,145
1993 1,320 577 505 131 70 16 2,619 8% 1,123
1994 664 617 228 88 20 15 1,632 8% 577
1995 310 199 253 123 25 0 910 16% 259
1996 137 185 59 99 3 0 484 21% 114
1997 195 83 90 19 4 1 392 6% 161
1998 105 136 41 13 2 297 5% 87
1999 418 71 75 20 2 586 4% 344
2000 407 294 41 35 6 784 5% 336
2001 791 278 127 12 11 1,218 2% 650
2002 1,458 569 126 37 5 2,196 2% 1,202
2003 625 1,009 199 26 11 1,869 2% 517
2004 724 411 504 22 5 1,665 2% 595
2005 738 514 145 61 3 1,462 4% 607
2006 689 523 181 36 5 1,434 3% 567
2007 588 488 160 38 7 1,281 4% 484
2008 1,187 414 161 54 8 1,823 3% 979
2009 972 808 154 32 11 1,976 2% 795
2010 1,130 686 293 34 6 2,149 2% 924
2011 660 746 299 58 7 1,770 4% 532
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7.

0 1 2 3 4 ( ) 5
1987 3,239 4,183 4,783 2,568 742 393 15,908 37%
1988 2,880 3,059 2,387 1,711 865 195 11,096 40%
1989 1,916 2,454 2,111 1,551 798 477 9,307 41%
1990 2,110 1,710 1,785 950 535 241 7,331 40%
1991 2,125 2,078 1,722 907 71 95 6,997 42%
1992 1,183 1,837 1,088 788 215 50 5,160 48%
1993 1,230 967 1,220 379 230 68 4,094 50%
1994 712 1,087 633 341 89 82 2,944 43%
1995 480 351 556 491 145 3 2,026 50%
1996 164 277 171 477 26 3 1,118 53%
1997 257 150 376 120 29 8 940 47%
1998 127 264 190 85 18 684 29%
1999 520 158 365 136 19 1,199 21%
2000 457 572 185 229 52 1,495 33%
2001 878 607 525 82 92 2,184 28%
2002 1,045 1,107 448 212 40 2,851 34%
2003 693 2,071 667 132 82 3,645 35%
2004 803 711 1,422 98 33 3,067 48%
2005 953 1,346 541 328 28 3,196 38%
2006 765 1,279 715 208 44 3,012 43%
2007 802 1,275 583 192 55 2,906 37%
2008 1,228 1,013 565 299 59 3,165 35%
2009 1,121 1,854 580 169 83 3,808 36%
2010 1,012 1,625 988 168 50 3,844 37%
2011 764 1,421 1,019 309 56 3,568 38%

8. F M

0 1 2 3 4 ( ) 5
1987 0.16 0.39 0.76 0.96 1.52 1.52 0.89
1988 0.41 0.46 0.64 1.19 0.99 0.99 0.78
1989 0.23 0.66 0.71 0.69 1.40 1.40 0.85
1990 0.34 0.23 0.70 2.70 2.13 2.13 1.37
1991 0.22 0.82 0.92 1.37 1.10 1.10 0.92
1992 0.54 0.73 1.13 1.13 1.29 1.29 1.02
1993 0.46 0.63 1.45 1.56 1.43 1.43 1.16
1994 0.90 0.59 0.32 0.93 3.99 3.99 1.79
1995 0.22 0.91 0.63 3.26 4.11 4.11 2.21
1996 0.20 0.41 0.85 3.01 1.06 1.06 1.10
1997 0.06 0.41 1.65 1.88 1.88 1.88 1.29
1998 0.09 0.29 0.44 1.37 1.37 0.71
1999 0.05 0.25 0.47 0.87 0.87 0.50
2000 0.08 0.54 0.91 1.05 1.05 0.73
2001 0.03 0.49 0.92 1.25 1.25 0.79
2002 0.07 0.75 1.29 1.05 1.05 0.84
2003 0.12 0.39 1.92 1.77 1.77 1.20
2004 0.04 0.74 1.81 1.73 1.73 1.21
2005 0.05 0.74 1.10 2.18 2.18 1.25
2006 0.05 0.88 1.27 1.43 1.43 1.01
2007 0.05 0.81 0.79 1.47 1.47 0.92
2008 0.08 0.69 1.32 1.44 1.44 1.00
2009 0.05 0.71 1.20 1.59 1.59 1.03
2010 0.12 0.53 1.32 1.45 1.45 0.97
2011 0.07 0.55 1.09 1.27 1.27 0.85

M 0.3 0.3 0.3 0.3 0.3 0.3
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E9.èéê	
��ÙÔZ�¤¥¦XY�¨k©�ªj«©�=¥¦�Z�Ò©�

*A 
A *A 
A

2002 82,992 51,000 9,099 66,300 121 1,202 2.5 30 0.25
2003 83,493 94,000 15,689 123 517 16.1 83 0.68
2004 36,000 40,273 20,000 81 595 4.0 24 0.29
2005 113,419 42,086 3,000 156 607 3.2 19 0.12
2006 104,781 41,800 147 567 8.7 49 0.34
2007 216,532 53,468 80,000 290 484 7.0 34 0.12
2008 118,947 73,019 20,000 197 979 1.6 16 0.08
2009 163,248 67,088 41,000 241 795 2.3 18 0.08
2010 164,922 18,000 34,830 204 924 1.9 18 0.09
2011 126,525 7,690 134 532 4.1 22 0.16

200252011-�67 169 5.1 0.22
89:;�&�=<=;�&�+>=;�&�/4?
8 1'@�;�(ABC�DE2011-F0'(�
GHI?

J10. #$%KLMNOP�-QPRS-TR E12.èéê	
��ÙÔZ��`
;�(ABC�%SVR���GWX67	 YZ(��� �[\]^0'(

-QP 0'( 15� 25� 35� 45�
2002 1.5 2.5 2.2 0.9 2.5
2003 10.3 16.1 11.0 2.1 0.0
2004 2.8 4.0 1.4 1.9 2.1 1987 10,577 4,379 0.41
2005 3.2 3.2 3.0 6.7 3.8 1988 6,687 4,977 0.74
2006 15.6 8.7 7.6 8.1 6.2 1989 6,164 2,849 0.46
2007 27.9 7.0 5.1 1.9 3.8 1990 4,366 3,168 0.73
2008 3.1 1.6 3.8 0.9 1991 3,834 2,384 0.62
2009 3.3 2.3 4.0 1992 3,059 1,339 0.44
2010 1.9 1.9 1993 2,381 1,320 0.55
2011 4.1 1994 1,688 664 0.39

1995 1,371 310 0.23
J11. #$%KLMNOP�-QPRS-TR 1996 816 137 0.17

;�(ABC_`&� 1997 608 195 0.32
1998 425 105 0.25

SÚÔ 05� 15� 25� 35� 45� 1999 600 418 0.70
2002 324 361 58 192 80 2000 752 407 0.54
2003 225 234 167 127 52 2001 1,002 791 0.79
2004 33 623 253 107 56 2002 1,253 1,422 1.13
2005 866 1,340 457 150 294 2003 1,916 524 0.27
2006 2,756 1,459 482 267 47 2004 1,908 695 0.36
2007 1,993 2,251 354 157 37 2005 1,570 715 0.46
2008 3,323 1,775 905 404 2006 1,607 629 0.39
2009 3,280 1,255 924 2007 1,467 547 0.37
2010 6,565 1,415 2008 1,430 1,168 0.82
2011 1,863 2009 1,759 949 0.54

2010 2,018 1,109 0.55
2011 2,094 633 0.30
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