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CDE789F�GHIJK6BL�MNOPQ!R�SGHIJK6T 3.3 UVT
3.4U+WX�8Y78Z[\]^_!9:;+`ab��B�cE�d��8!9:
;�Y9:;�?efghi�jklmnCoJ!pqIrE?pqstuvpq6

w!xy�z8�{�ghxy�8!9:;�?YefE?pq|}k�~����

y��f�b9:;!P �?R����d`�^_4��89:;�?!��E�

�?pq!���o�5�������S��9:;!P �?��20�_!xy�
z8�5���9:;�� 54.22��9:;ef}c���� 54,154.85��y��f
}c���� 225,931.69 ���,9:;�?���� 226,808.69 �� ¡9:;�?
��� 4,183.28 �ES��9:;!P �?��¢£+ ¡9:;�?S 2,253.78 �
¤ 2,866.42 �!¥��¦§¨�?pq©��ª09«�¬'®¯ ¡9:;�?�
�®���S°±²³´µ¶J·���9:;�?¸¹ 362 �¤ 3,279.25 �!¥�S
º»²³´µ¶J·���9:;�?¸¹ 898.20�¤ 5,309.86�!¥?pq!�¯�
�Y�¼~�®¯A9:;�?½¾¿ÀE 
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GHIJK (Kyoto Protocol) ¹ 2005� 2 16ÂÃ_e�Ä2���ÅÆ*�B

9�ÇÈÉA�ÊËÌÍÎ��¹ÏÐ34�MNOÑÒAÓÔÆ�ÕbRÖ×AØÙE

GHIJK6�ÍJ 1990 �s��ÚÛ!×Ü�8  (afforestation) VÝ×�8 

(reforestation) Þßà8 (deforestation) áâ���ã!äåO9:�æ��çc�`a

bè�!��B�c®¯�é�ê78Z[ (forest management) �ë¼��A9:;�

ì`ab��B�cE�d��ê�8YíÚ78î»�ïCD!Ëðñ� (adaptation) 

1ò��äåO9B�AñóCD!RE&�'�ô8õ�ö�÷ÛA�8øùnC�

Ïøù�8Áú
�8V£ûüý�8�þ`��78�8�,V9:;� (8��Y

����2005�2007a�2007b)E��8��� (2002) 	�ú
�8
]kª��8�

, 18,174 ��A9:;���� 20����`:;� 1.25���A9�E©R1�

S����A�ûVs��Ì�����ïj�A8õnC��·�8ûÝ×A¬{-

4���ñó8û'ÚÛ�8z�>�5�����8Ô�A8õ ®!"�1990�¤

2005�A£+���8�,#� 5,265�� (Ûn$%õ&' 8Ô��2007)E�d�

W(�z8�ïeVÝ×�8�,�`)êO*�ï8A�ïe+,E-�û��

.é/���û0*�8�,� 18.5����Ï1�Æ2û�8V34
Ì5û68û

�,�¢8û)*��ïA7�, 50.7����878�,A 24.1% (9:��1996)E
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(3) 

;<8ûS�ïÆ�=00"#�ïU> (?]�"@VAOÁz!(BV�²4C) 

·�D	�ïEF4CVeG4�ÏHN�û#�12æ�sIJ���Ëð^_"

#$%EnKL�WMR<øùN�OP�Q)k�pq��'R�STU�e��� 

(8���1994VW½X��1994VÓY�Y8���1997V����2004)E�dS��

äåO9B�A�ÅZ[·�Ç�äåO9��B�ë\A]^�`_)!`abc*

�8�de�8æ78Z[\]�*�8�ì`��8æ78Z[\]�ãXäåO9

��WMc]^f�gB��_)d012ì`�eW(*�8A�ïe�d�hi

A��EQ�jù8�*�ï8'WM9:;��¢klWMRÖ`mnAopV�

�q�r@�`Û (Robertson et al., 2004V8��Y����2006a, 2006bV����2008)E 

�m�89:;�?ef1�Apq�st��MNOnK¥uv&'  (Inter- 

governmental Panel on Climate Change, IPCC) (2001) ÷�9:;�?¢��� 0.1w�¤

100w��Moulton and Richards (1990) ÷�w��z8��`:; 6.3x�A9�5�

�A9:;�?� 9w�¤ 41w��é Adams et al. (1993) ¢�®5��9:;�?�

20w�¤ 61w��Q Callaway and McCarl (1996) ¢÷�w��z8��`:; 2.8x

�A9�5��A9:;�? 17.36w��Richards and Stokes (2004) ghw����`

:; 2.5x�¤ 5x��5��9A�?S 10w�¤ 150w�¥�van Kooten et al. (1992) 

÷�S�y½£+��A9:;�?� 6w�¤ 18w��6���9:;�?¢4¹ 2

w� (Xu, 1995)�z�{¢S�� 20w� (Sedjo, 1999)�`|S"}pq6®¯~!9

:;�?���½Evan Kooten et al. (2004) ���t�� (meta-regression) gh 55Ö

pqA 981�789:;�?!"�������)78Ì�A��9�?� 46.62w�

¤ 260.29w��.��×�8Y%û�8\]�^_!9:;�?Sk�!��sÆ�

é.�8^�9�;V_Ê�A9��!9�?�4�5��9�?� 12.52 w�¤

68.44w�����8ûAP �?���9�?(� 116.76w�¤ 1,406.60w�ES�

ôApq1��8��� (1999) gh������x�z8�;äåO9�?���

269 �E���� (2000) ���¯ó8�_ 30 �_!��x�z8!9:;�?��
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(4) 

�� 448 �¤ 2,509 �E8��� (2002) 	�ú
�8
]��8¤ 20 �����ä

åO9:;�?� 1,367�E 

S��~�6�S®¯�8�?��½hs�8���?Á�8�ïZ[�?�1

�Æ5���!�b��P �?�®¯� �¡és9:;¢\é/��8!P �

?�ß£8û5����f¼��¤�¥"`�xyÓE¦§~¨�b©!áâ�d�

½h~��ªDA��d�?pq�"`�xyÓE¦§~¨�b!áâ�b9:;!

�?'®¯�8!9:;�?VÚR�?pqstuvxy�z8!_DY�?!"1�

pq�«�_)9:;�	��2�ghxy2"}8�!9:;�Á¬xy�8!9

:;�?YefÁgh��9:;!P �?�!�,Y ¡9:;�?��®�?p

q!pq���	���nK�'PÛ*¯�8B9nC!°�E 

?pqg�±²�TR²�³��Tä²�9:;�?ef![��´�Tª²9

:;�?ef!����Ygh�T±²���YµIE 

��	
��������� 

�������	
�� 

R¶÷�8y���9:;��·�� IPCC�¯8õ�ö9:;�!3¢��8y

                                                                                                                                                         
1 9:����;<=����>?@ABC�DEFG�/&H (1977IJ 1984I)� 
2 @A (Cunninghamia lanceolata (Lamb.) Hook) :KL:MNO?BC��PQRST

UDV.W 1971IJ 1992I.MNO?@AXY�Z[\ 26,756.19 ]^._`aI

Y�Z[: 1,216.19 ]^ (��bc.1993)�Dd.aIQY�Z[efgIhi�

jklmnMNo�&'pqOr)st (	
������uv.1995).wxy

�z?BC��.@ABC�Z[{ 20,800] .̂{|MNO?BC�XZ[Q 7%� 
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(5) 

�,_)y�¸\¹¯~8y_º��1#�8y_º�YûÆ�Áû·�_º�A»

¼·µY9¤��½¹·µ�¯~9:;��58y9:;	��2Ï· (IPCC, 2003)� 

 
 S(t) = ( V(t) × D × BEF ) × (1+R) × CF    (1) 

 
) (1) 2�56 S(t) � t�!8y�,9� (�/��)VV(t) � t�!8y�, (¾

1�¿/��)VD ��?y�¸\ (�/¾1�¿)VBEF �8y_º�¹¯�ûÆ�_º

�A_º�»¼·µVR��À¬VCF�9¤�¬{E 

5Á�9:;efÂÃO�`.��MNÄÅÆAÇÈ�? (ÏÉ£�ÆÊV%õ

_^BË)ÁBË9��A�? (Ï�8�?)Á��Ì�(Ï9Í)'÷�E?pq®� (2)

2'	�9:;!ÂÃef� 

 
 B(t) = b(t) × S(t) = b(t) × [( V(t) × D × BEF) × (1+R) × CF ]  (2) 

 
�� (2) 2�B(t) � t�!�,9efc�b(t) � t�! ¡9efc (�/�)�S(t)

� t�!8y�,9� (�/��)�V(t) � t�!8y�, (¾1�¿/��)VD��?y

�¸\ (�/¾1�¿)VBEF�8y_º�¹¯�ûÆ�_º�A_º�»¼·µVR�

�À¬VCF�9¤�¬{E 

�������	
�� 

Î	�m�89:;�?1�Apq�½Hs�8Û�ÏÌA�?hÐ'f�9:

;A���?�Q)k�pq��`Ñ�pq0ÒÁÍ�Á_D��Á�?0�ÁÓ}

A½ÔÁ8y�f�>Õ�b $%�89:;�?E-*�ï8A¢\�½�g8

�ÚÛ�8Ö!���jA>8y_^�é×9:;��d-��ghA¢\�8y9

�;�¯>8y�ïs¼AR0ØÙ^~ (¼�ef)Eó8y�ïA�f�Ä�Ú��

:;A9�>R0ÛÌA¼�ef�Ü!�Ï8y�ï>#"VÌ (�f�Ý)�¢8y
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(6) 

9:;A^~�-ÇÞ~ë¼A�? (Huang et al., 2004)�S�¯9:;�?��ìÇ�

�y��fA(4 (De Jong et al., 2000)E 

?pqß¶¦§8y��9:;��ú�«�3�SdkW·�¢àá9:;�A}

��âÚ�8�ãäå8y¦§!�b�æ9:;�?ß�8�?Y5���!P �

?¼�ç�Æ¦§8y!�bE�d?pqSgh9:;�?�ß�����8�?Y

8û�ï�?¼�ãÇ��8û5����fV8y¦§�b�?pq�5èé2¶J

Ï (3) 24� 

 
 

0 0
( ) (0) ( ) ( ) ( ( ) ( )) ( )T Trt rt rT

i m oC T C C t e dt C t e dt P T H T V T e− − −= + + + −� �    (3) 

 
�� (3) 2�r�Ó}�C(T) �T T�!9:;�? (�/��)� (0)iC �T 0�

��Öb!���8�? (�/��)�Cm(t) �T t�!8û�ï�? (�/��)�Co(t) �

T t �8û��5���!�f (�/��)�P(T) �T T �!8y ¡²³ (�/¾1�

¿)�H(T) �T T �!8y§
Ì� (�/¾1�¿)�T T �!8y�, (¾1�¿/�

�)E�d
0

( )T rt
mC t e dt−� �8û�ï�?}c(�/��)� ( ( ) ( )) ( ) rTP T H T V T e−− �T T �

!y�ê¨�b}c(�/��)E 

k�~����y��f�b9:;!�?R����d`�^_4��89:;

�?!���)(3)2�9:;A�?ß£�8�?!¼�ëì¤��g�ìí8û��

                                                                                                                                                         
3 V}~�.�AEFL���� (��) "��Q����.������A���.

���Ad.����Q�������"����w�Ad.��A��)�3:

�H.e���Q����"��.� e¡A¢£¤¥¦����.§���¨©

:ª� 0%J 100%Q«�¬�®¯d.�A�°��)�3:�H±).e9²Q

���¨³: 100%�w"��0´�.:µ�¶·G¸¹º3.»¼���¨³:

100%.½�®¯d���½°���� 
4 � ����¾¿ (monitoring)�ÀÁ (transaction)��¹ (verification) cÂÃ�/.

Ä�w�ÀÁpÅÆÇÈÉÊË£ÌÍ�ÇE.Î9./��ÏÐÑÒ�/ÓÔÕÖ� 
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(7) 

5���!�b (
0

( )T rt
oC t e dt−� ) V8y¦§�b( ( ( ) ( )) ( ) rTP T H T V T e−− )E 

) (3) 2`ãT T�!£+9:;�? (�/��) �·� (4) 25� 

 

 0 0
(0) ( ) ( ) ( ( ) ( )) ( )

( )
( )

T Trt rt rT
i m oC C t e dt C t e dt P T H T V T e

C T
b T

− − −+ + + −
=

� �
 (4) 

 

�����	���� 

����[���ñî|_SïÅef�¹ïÅ�?!�ð�s?pqé/�5E

ñ�9:;!ïÅef�¹9:;!ïÅ�?��d�ðò@9:;ef�½�ó�X

�ñ�ô
( ) ( )C t B t
t t

∂ ∂=
∂ ∂

�`ã·2� 

 
 [ ] [ ]0( ) ( ) ( ( ) ( )) ( ( ) ( )) ( ) ( ) ( ) ( )mC t C t P t H t r P t H t V t P t H t V t′ ′ ′+ + − − − − −         

 [ ( ) ( ) ( ) ( )] (1 )b t V t b t V t D BEF R CF′ ′= + ⋅ ⋅ ⋅ + ⋅  (5) 

 
ò@Æ2! t â��ñ9:;��ð�d�ð!ïÅ9:;ef��¹ïÅ9:;

�?E 

                                                                                                                                                         
5 ¬×X����/ØÙ:ÚÛ.e�VÜÝÞ:7 

[ ] [ ]0( ) ( ) ( ( ) ( )) ( ( ) ( )) ( ) ( ) ( ) ( ) 0mC T C T P T H T r P T H T V T P T H T V T′ ′ ′+ + − − − − − = � 

�������	
������������ 
[ ] [ ]{ }0[ ( ) ( ) ( ( ) ( )) ( ( ) ( )) ( ) ( ) ( ) ( ) ( )mC T C T P T H T r P T H T V T P T H T V T b T′ ′ ′+ + − − − − −  

2
0 0

[ (0) ( ) ( ) ( ( ) ( )) ( ) ] ( )] / ( ) 0T Trt rt rT
i m oC C t e dt C t e dt P T H T V T e b T b T− − − ′− + + + − =� �  
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(8) 
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������ !"#�� 
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(�)������	
� 

õö÷YøÚù (1992) úûtuv��ü§!xy�z8�S���û¡ýµÁË

ð�þ��V8g����þ·�#s8�NO��¾Nµ�ã~xy ¡�,�,Y

8�m·ýµ´µ�5´µÏ (6) 2�?pqâ��d2�¯xy�z8 ¡�,!8

y�,E 

 
 ln(V(t)) = 3.9160 + 0.0690t      � R2 = 0.998�  (6) 

 

�� (7) 2�Vt�8� t�!8y�, (¾1�¿/��)�t�8� (�)��ýµ½¹
`ã·2� 
 
 V(t) = exp(3.9160 + 0.0690t)   (7) 

 
��Æ2!xy�,Y8�m·´µ��×��!�,´µ�`�¯xy"}8�

!����,�1�8y�,Y*½¹·µ�b9:;�	��2�`ã"}8�!9

�;�E�����10�_!xy�5����,� 100.08¾1�¿�5�,9:;�

���� 27.19��15�_��5����,�� 141.32¾1�¿�59:;����

� 38.40��20�_��5����,� 199.54 ¾1�¿�5���!9:;�� 54.22
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(9) 

�6E 

(�)��������������������	� 

�?y�¸\ (D) È Liu (1982) �tuvû0xy�Êpq�5c���¾1�¿

0.40 �ER¶S���8_D�,�÷��26������A�g�Q��78:;

äåO9½O��P9�;¹Üº��ß	;S��!¼�ëìí8y!
Á�Á��

�gEHorng et al. (1985) ��tuvû0"}§	!xy�z8ûÆ�_º�ÚÛg

h�����§	� 20 ����_º��8ûÆ�_º�A 86.25%�æ¹¯`ã8

y_º�YûÆ�_º�A_º�»¼·µ� 1.16E��A_º�A¬{�¢.�9�

�Y��� (1997) ®¯~�À¬ (R) S8yS 10�_s·� 0.26�8yS 11�¤

30 �_�5�À¬� 0.22E9¤�¬{ (CF) ¢��8��� (2002) s�þgh�

�Jxy9¤�� 0.48E�dT (1) 2!8y9:;	����2`H���10�_s

·� S(t) = [exp(3.9160 + 0.0690t)] × 0.2806�11�_¤ 30�_� S(t) = [exp(3.9160 + 

0.0690t)] × 0.2717�?pqâÈd×��´µm·'÷�xy9:;efE 

                                                                                                                                                         
6 �������� !"#$%#&'#�()%*�+,-./012345 (Liu et 

al., 1976)�6�����7/	
8012/��,�,9:;< (=>?*�2000)�

@���7A BCDE#FG#,HI�J�,KL*345 (Stavins and Richards, 

2005)M
NOP(QRSTU�VW����78X7	
YZ��G[H�\

2YZ�]^_�`,Iabcde;�fgMh�,��ij	�k��lm;n

opq/rstuvwxyz#{�|}*}z#{�~H8�����rw\2*�

���,�~H��%/�+�� (w��#�1#��)���45�������

�45������7M���i����7�� (leakage) ���A�X�����

�������	
 (Murray et al., 2004�Sohngen and Brown, 2004)M
NO]^��

�7��u f�k�NO��fg/��r��� �¡k�u¢£¤h¥�P�

VW�¦���§�¨]^M 
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(10) 

(�)���� ��	
� 

��9:;efÂÃO�?pq.�BË9Í!������8��9B�!efE

��k�¿m��9ÍApq�È��|� (2001) 
� CGE�´gh���� !Ç

QA��ÅÆ�ó�*^õ�^_A��9�����9Í��"�A9���¹ 2020

��#�X 2000�A��$ ����9��9Í� 1,820�ES��ë%9��.�

&Q\��s]^A¢\é/�`���9ÍYWM�8'b`¿@�=�R0P �

?���nK'bøù�8`ëE?pq(���9���� 1,820�!9Í�sd��

�8:;9AR0��ef�)Æ�8���A9:;��`ã~���9:;ef²

cE)¹�ô�m9ÍÍA�¯��*½��d�¦§¨�?pq���9Í 1,820

�1�B 25%�g+��� 1,365�Y 2,275��ÚÛ,-\ghE 

5Á�?pq.�!Ó}� 3%�SÓ}1��-û�é/��8®.!Ö!�

¥@D�ó_^�/º»"0�æn#$%@½E?pq¶JÖ!�81�*�û��

æ×Ø>R�v!Ó} (d) s}Û�82345# 3%�� �ß¶678$�

2%�D	9Â:;� 2%7��d�ÊÓ}� 3%E 

��sÆA°µ¶J�`�¯~tuvxy�8!9:;efÏÚ 1E��Ú 1�S

8��T 10���¢�,���� 100.08¾1�¿��,9:;����� 28.09��

9:;4ef}c���� 28,401.05 ��6ef}c���� 37,868.07 ��(ef}

c���� 47,335.09�V8��T 15���¢�,���� 141.32¾1�¿��,9

:;����� 38.40��9:;4ef}c���� 33,420.36��6ef}c���

� 37,868.07��(ef}c���� 55,700.61�V8��T 20���¢�,����

199.54¾1�¿��,9:;����� 54.22��9:;4ef}c���� 40,616.13 

��6ef}c���� 54,154.85��(ef}c���� 67,693.56�V8��T 30

���¢�,���� 397.82¾1�¿��,9:;����� 108.10��9:;4e

                                                                                                                                                         
7 FLßàáâ³V}×ãäåæçè«DIé³ê�ÕÖ.ëk�ìí	°î&ïð 

(2009) D&H.W 1989I 3ñ� 2009I 2ñòÕ 20ID&H�.�_`ßàáâ³

: 2.15%.§/��w 20IL�ÐFLßàáâ³¼ó: 2%� 
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(11) 

f}c���� 59,989.25 ��6ef}c���� 59,989.25 ��(ef}c����

99,982.08�E 

�������	
��� 

(�)!"#�$% (Ci(0)) &�'()*+$% (Cm(t)) 
�8�?ìí�	!Öb�?�Ï�ûÁ<yÁ=Ü�Ì�����8�? (initial 

establishment cost)VTä�Ã¤8y�>k�Þ~A�?�Ïß?Áß@����?�8û

�ï�? (management cost)8E<yÌ��AË�ÅB~!"�æÈú
�8
]6CD0

<'b×�Ã 2��®¯E)¹*¯�8�?#�ó�\�B~Ì��SÚÛ"}�8û!

�8�?¬@��ÇÓ¯�}R�¥� �?pqÈ%
E�z!7ýµ (Ûn$%õ&'

 �2008)�s 2005���	�Èdýµ¹¯~*�\!�8�?9���ÏÚ 2E 

                                                                                                                                                         
8 ôõ�/&H.ö$����;<=����D@ABCY�OY�M÷.ÑÒY
�O�ø� 1977 IJ 1984 I�Y�.Y�Eù�/úûüO�ýþ�RS��S�
��p�����C����	
��cÚD�IQ3D«G���/ç)��

�Y�Iø:�@ABCY�OY�DlVI.�øÕÖ��IY�ç)� 
9 /��Ð��I�DY��/�Ö� 2005ID���lVI���çD�/Ú:ü
O�RS��SVnp���nDC&��p�Aç).�Aç)ej°�Y���

�$ U��+ 2 !"ÕÖ#l�I���çD�/Ú:�S�np��mnDC
&��#lmJ$I���çD�/Ú:��mnDC&��#l�I���çD

�/Ú:���nDC&���Ð��/ç)%X.&��')C&Xè«��

d.Ö�@ABCY�OXY��/.(×Y�Z[.½)*a]^_`Y��/�

&+ÖY���IQX�/w 12.98!"J 20.12!"�.�_`�: 16.84!"�~
���I�|�/¨©.lVI: 51.32%:,-.�J�I�¨©�ø: 12.67%�
9.53%�9.91%�10.34%�6.23%�.�Y�Ú�/�|/�¨.×013D��
�|ç),2._`{|XY��/D 54.73%.�n:üOç).{|XY��/D
18.45%.3S��Sç)4Õò|XY��/{ 14.94%.�Aç)|X�/ç)Q
11.88%� 







−74−  ��P �?·9:;�?ef!��gh 

(14) 

, 2  -./0�#��#�$% 

                 
� 

�(�) 
1 2 3 4 5 6 

�8�ï�?(�/��/�) 86,402 21,326 16,040 16,689 17,409 10,488 
5���!�f(�/��/�)* 1,598 1,598 1,598 1,598 1,598 1,598 

!"'F�?pq�[E 

G�* ?pq�tuvxy�8!P �?¶J�8û!�2`�sHÖI���û*

ûj*�¢_^�VJ2� �®¯� E 
 

(�)����12$%-34567  (Co(t)) 

)¹�ûK�LË��ÏMf�8��M%òde5���!�û����d�û

��k^_P �? (NOP�2000)�éP �?ì>HN3Q�û��AR0�bá

â (Schneider, 2002VKing, 2004)��� van Kooten et al. (2004) Aghý~S®¯9:;

�?��Ï���ÆP �?��¢�®£+9:;�?��� 2�¤ 3.5��)d`Ñ

S�¯9:;�?��P �?>Õ�bVµc��$%�»ghA���©¼��8

P �?ãHN}��û��´R'�8AR0�?�Ï3Q�û���×8û (Ï%

Sû)�¢P �?¢@3Q�8û�( (De Jong et al., 2000)E)¹R¶�ý8ûAP 

�?��8ûA²c (Zheng, 1994, 2000)�?pq�¦ÌTgh�ß¶s8û��Aû2

�5P �?�)¹tuv¡UHÖI�æ?pq.�HÖI���û*ûj*�¢_

^�VJ2� Ú6ÍJ�8û� 10�¢�����2ë� 1,598��f�8ûA��

5����fE 

(�)��897: ((P(T) – H(T))V(T)) 

8y�f·s�Åy�VW²³!"Vk�pqÚÛghE)¹xy¾y²n3y

V²$%�3yV²(�5¾y²ã( (Jen, 1984V9:��1991V8�X�1991V8�
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(15) 

��1994)�3yV²�ÈY^�xy���6��Í³Z[ 10�g¤ 20�g�D\�

3�¿¤5�¿�SHÖû0A2005�£+3yV²�¾1�¿�1991��A1.09� (Û

n$%õ&' 8Ô��2008)E�d�õö÷YøÚù (1992) S 1991��3y²³A

úû���sú��ãX3y²c�¯�2��ln(R(t))= 11.2543+0.1065t�_)ýµ½¹

ã R(t)= exp(11.2543 + 0.1065t)�Úé÷� R(t)/V(t)¦ã3y²³�1Þß§
Ì�ãX¾

y²³ P(t)E56�?pq�3y²³!�¯12g�0�R�È�k�÷�~º»A

3y²³´µ�©R0¢��k�÷�~3y²³�Úé¶J°±A3y²³´µ�â

T 1�¤T 10�_!8y3y²³��¾1�¿ 1,596.87��T 11�¤ 20�_!8y

3y²³��¾1�¿ 2,237.92 ��T 21 �¤ 30 �_!8y3y²³��¾1�¿

3,380.57�10�ãâ)§.ûð¤y�\¨VW�6�û03y£+�¾1�¿§
Ì�

900��?pqs%
E�z!7ýµú��S 2005��3y£+§
Ì���¾1�

¿ 1,193���d?pq��¾1�¿!3yV²Þß§
Ì���¾y²³�1)s8

y�,ãX8y�f (ÏÚ 3)E 

?pq��Æ�ãX°±y�²³´µYº»3y²³´µ¶J·!8y�fES

°±y�²³´µ·�8�� 10 �!xy�z8�5����8�f� 29,944.26 ��

8�� 15�!xy�z8�5����8�f� 94,154.81��§	� 20�!xy�

z8�5����8�f� 114,427.37�E8�� 25�!xy�z8�5����8�

f� 291,136.24��8�� 30�!xy�z8�5����8�f� 353,821.07�ES

º»y�²³´µ·�8�� 10 �!xy�z8�5����8�f� 77,473.48 ��

8�� 15�!xy�z8�5����8�f� 135,741.17��8�� 20�!xy�

z8�5����8�f� 225,931.69�E8�� 25�!xy�z8�5����8�

f� 363,947.05��8�� 30�!xy�z8�5����8�f� 573,320.04�E"

                                                                                                                                                         
10 /��:56+Õ.Î9(78�B0´D+Ö9:(;�<Aå=>«)?.Ä�¸u

ô@±)��AB�ó�A�å=.§/��CDmU�BE+.×«#:FG�H

I·JQA�å=>«� 
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(16) 

}²³´µ¶J·tuvxy�8!8y�f¬@]|^ 1�)^ 1`Ñ�º»3y²³

´µ_��°±3y²³´µ_�!ì`11E 

, 3  -./0�#����7  

�� 
��������-���� 

(�/��) 

��������-���� 

(�/��) 

1 21,080.21 21,080.21 
2 21,918.65 25,230.21 
3 22,790.36 29,808.53 
4 23,696.75 34,853.15 
5 24,639.18 40,405.21 
6 25,619.09 46,509.27 
7 26,637.97 53,213.62 
8 27,697.38 60,570.57 
9 28,798.92 68,636.75 

10 29,944.26 77,473.48 
11 80,555.01 87,147.18 
12 83,758.72 97,729.73 
13 87,089.85 109,298.95 
14 90,553.45 121,939.04 
15 94,154.81 135,741.17 
16 97,899.39 150,803.97 
17 101,792.90 167,234.15 
18 105,841.25 185,147.19 
19 110,050.61 204,667.99 
20 114,427.37 225,931.69 
21 249,084.44 249,084.44 
22 258,990.49 274,284.31 

                                                                                                                                                         
11 KLMNQúOL (Envelope).Pè�KLM�QQaÝLQJRVSÂTQVÝK

L� 
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(17) 

, 3  -./0�#����7  (;) 

�� 
��������-���� 

(�/��) 

��������-���� 

(�/��) 

23 269,290.67 301,702.28 
24 280,000.49 331,523.22 
25 291,136.24 363,947.05 
26 302,714.87 399,189.93 
27 314,753.99 437,485.59 
28 327,271.90 479,086.69 
29 340,287.67 524,266.41 
30 353,821.07 573,320.04 

!"'F�?pq�[E 

G�8y�f!®¯12��¾1�¿!3yV²Þß§
Ì���¾y²³�1)s

8y�,éã!E 
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(18) 

(<)=>?@AB0�CD89EFG����$% 

��k��½�gA~�S®¯9:;�?��#���	�8�?Y�8�ïZ

[�?�æ�b8ûf�5���!P �?E¡é���?pq![��´�8�S

¦§8y��9:;��ú�«��ãâ�ó8y�f|_A}��9:;�ãb!c

±¤½�6E�dSÏdA[��d·�àá9:;�A}��Ú�8�ãäå8y¦

§!�b��d�8y�f�àá9:;��?!R�d�½hµk�~��ªDAE

�d�9:;!P �?ß�8�?Y5���!�f¼�ç�Æ¦§8y�b!�?

12Es·?pqQ�¯���"`�xyÓE¦§é~¨!�e�5��ÏÚ 4Y^ 2E

)^ 2 `Ñ�b+8����9:;ef_��Rf�_� (d��,!9:;ef_

�)�é9:;�?_�½¾Æg}fB´R13E5Á�S���"`�xyÓE¦§é

~¨!�e·�`®¯~ 10�¥£+ ¡9:;�?��� 1,028.982��20�¥£+

 ¡9:;�?��� 527.64��30�¥£+ ¡9:;�?��� 355.01�E 

                                                                                                                                                         
12 /��¼óã���DÉ��/ê:ãqO)�� )UDVW¼ÖêGã�A�

XÔêY%X���.~ã����/ê:ãY��/ê�ãqO)�� )UD

VW¼ÖêGã�A�XÔêòm%X���� 
13 YÝKLÀSw 1.8I.½w 1.8I².@AY�DZ[���[\c�Z[����

/�]?Î9^_ÏÐ���DÉ��/ (½Ï`a�AX\Q��.bcy�ODÉ

��/) ÓÔ`a.§dy?���å=>«¼óD�e� 
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(19) 

0
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� 2  -./ 01(�2345678$%&'(�)�*�9�+, 

, 4  =>?@AB0�CD89EFGH-./0�#����$% 

��

(
) 

:;<=>? 

(@/��) 

<=>9�AB 

(�/��) 

C<=>� 

(�/��) 

DE<=>� 

(�/@) 

1 15.09 26,658.51 85,399.21 5,657.97 
2 16.17 27,718.73 21,589.01 1,334.98 
3 17.33 28,821.12 16,119.92 930.33 
4 18.56 29,967.35 16,219.11 873.64 
5 19.89 31,159.16 16,359.48 822.45 
6 21.31 32,398.38 10,095.08 473.68 
7 22.83 33,686.88 1,295.31 56.73 
8 24.47 35,026.62 1,257.03 51.38 
9 26.21 36,419.64 1,219.88 46.54 

10 28.09 37,868.07 1,183.83 42.15 
11 29.14 38,124.13 1,148.84 39.43 
12 31.22 39,640.35 1,114.89 35.71 



−80−  ��P �?·9:;�?ef!��gh 

(20) 

, 4  =>?@AB0�CD89EFGH-./0�#����$% (;) 

��

(
) 

:;<=>? 

(@/��) 

<=>9�AB 

(�/��) 

C<=>� 

(�/��) 

DE<=>� 

(�/@) 

13 33.45 41,216.86 1,081.94 32.35 
14 35.84 42,856.08 1,049.96 29.30 
15 38.40 44,560.48 1,018.93 26.54 
16 41.14 46,332.68 988.82 24.03 
17 44.08 48,175.35 959.59 21.77 
18 47.23 50,091.31 931.23 19.72 
19 50.60 52,083.46 903.71 17.86 
20 54.22 54,154.85 877.00 16.18 
21 58.09 56,308.61 851.08 14.65 
22 62.24 58,548.03 825.93 13.27 
23 66.69 60,876.51 801.52 12.02 
24 71.45 63,297.60 777.83 10.89 
25 76.56 65,814.98 754.84 9.86 
26 82.02 68,432.47 732.53 8.93 
27 87.88 71,154.07 710.88 8.09 
28 94.16 73,983.90 689.87 7.33 
29 100.89 76,926.27 669.48 6.64 
30 108.10 79,985.67 649.70 6.01 

!"'F�?pq�[E 

G�1. 9:;�?!�¯��T (3) 2� ¡9:;�?!�¯��T (4) 2E 

� � 2. ) ¡9:;�?Rh`®¯~ 10 �¥£+ ¡9:;�?��� 1,028.982

��20�¥£+ ¡9:;�?��� 527.64��30�¥£+ ¡9:;�?�

�� 355.01�E 
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(21) 

(I)>?@AB0�CD89EFG����$% 

1. :;<=>�*�F 

9:;�?ß�8�?Y5���!�f¼�ç�Æ¦§8y�b!9:;�?�

��Æ��¯~"}²³´µ¶J·!9:;�?�°±²³´µ¶J·!9:;�?

®¯��ÏÚ 5E��Ú 5�S°±!3y²³´µ¶J·�8y�T 10 �_��59

:;�?���� 31,128.09 ��20 �_��59:;�?���� 115,304.37 ��30

�_��59:;�?���� 354,470.77�E 

º»²³´µ¶J·9:;�?®¯��ÏÚ 6E��Ú 6�Sº»!3y²³´µ

¶J·�8y�T 10�_��59:;�?���� 88,296.02��20�_��59:

;�?���� 226,808.69��30�_��59:;�?���� 573,969.73�E 

, 5  >?@AB0�CD89EFGH-./0�#����$%(JKLMN�) 

�� 

(
) 

:;<=>? 

(@/��) 

<=>9�AB 

(�/��) 

C<=>� 

(�/��) 

DE<=>� 

(�/@) 

1 15.09 26,658.51 106,479.42 7,054.60 
2 16.17 27,718.73 43,507.66 2,690.33 
3 17.33 28,821.12 38,910.28 2,245.63 
4 18.56 29,967.35 39,915.86 2,150.07 
5 19.89 31,159.16 40,998.65 2,061.16 
6 21.31 32,398.38 35,714.17 1,675.77 
7 22.83 33,686.88 27,933.29 1,223.29 
8 24.47 35,026.62 28,954.41 1,183.47 
9 26.21 36,419.64 30,018.80 1,145.17 

10 28.09 37,868.07 31,128.09 1,108.31 
11 29.14 38,124.13 81,703.85 2,804.12 
12 31.22 39,640.35 84,873.61 2,718.70 
13 33.45 41,216.86 88,171.79 2,636.04 
14 35.84 42,856.08 91,603.41 2,556.04 



−82−  ��P �?·9:;�?ef!��gh 

(22) 

, 5  >?@AB0�CD89EFGH-./0�#����$%(JKLMN�)(;) 

�� 

(
) 

:;<=>? 

(@/��) 

<=>9�AB 

(�/��) 

C<=>� 

(�/��) 

DE<=>� 

(�/@) 

15 38.40 44,560.48 95,173.74 2,478.60 
16 41.14 46,332.68 98,888.21 2,403.63 
17 44.08 48,175.35 102,752.49 2,331.03 
18 47.23 50,091.31 106,772.48 2,260.73 
19 50.60 52,083.46 110,954.32 2,192.64 
20 54.22 54,154.85 115,304.37 2,126.68 
21 58.09 56,308.61 249,935.52 4,302.48 
22 62.24 58,548.03 259,816.42 4,174.37 
23 66.69 60,876.51 270,092.18 4,050.14 
24 71.45 63,297.60 280,778.32 3,929.67 
25 76.56 65,814.98 291,891.08 3,812.82 
26 82.02 68,432.47 303,447.40 3,699.50 
27 87.88 71,154.07 315,464.87 3,589.58 
28 94.16 73,983.90 327,961.78 3,482.97 
29 100.89 76,926.27 340,957.15 3,379.56 
30 108.10 79,985.67 354,470.77 3,279.25 

!"'F�?pq�[E 

G�1. 9:;�?!�¯��T (3) 2� ¡9:;�?!�¯��T (4) 2E 

� � 2. )¹TR�Ç�Öb@(!�8�?�æ ¡9:;�?@(���� 7,054.60

�E 

� � 3. ) ¡9:;�?Rh`®¯~ 10�¥£+ ¡9:;�?��� 2,253.78��

20�¥£+ ¡9:;�?��� 2,352.30��30�¥£+ ¡9:;�?��

� 2,824.88�E 
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(23) 

, 6  >?@AB0�CD89EFGH-./0�#����$%(O;LMN�) 
�� 

(
) 

:;<=>? 

(@/��) 

<=>9�AB 

(�/��) 

C<=>� 

(�/��) 

DE<=>� 

(�/@) 

1 15.09 26,658.51 106,479.42 7,054.60 
2 16.17 27,718.73 46,819.22 2,895.11 
3 17.33 28,821.12 45,928.45 2,650.67 
4 18.56 29,967.35 51,072.27 2,751.01 
5 19.89 31,159.16 56,764.68 2,853.77 
6 21.31 32,398.38 56,604.34 2,743.06 
7 22.83 33,686.88 54,508.94 2,465.40 
8 24.47 35,026.62 61,827.60 2,609.97 
9 26.21 36,419.64 69,856.63 2,752.29 

10 28.09 37,868.07 78,657.31 2,892.41 
11 29.14 38,124.13 88,296.02 3,030.37 
12 31.22 39,640.35 98,844.62 3,166.22 
13 33.45 41,216.86 110,380.88 3,300.01 
14 35.84 42,856.08 122,989.00 3,431.80 
15 38.40 44,560.48 136,760.10 3,561.63 
16 41.14 46,332.68 151,792.78 3,689.55 
17 44.08 48,175.35 168,193.74 3,815.63 
18 47.23 50,091.31 186,078.42 3,939.91 
19 50.60 52,083.46 205,571.70 4,062.44 
20 54.22 54,154.85 226,808.69 4,183.28 
21 58.09 56,308.61 249,935.52 4,302.48 
22 62.24 58,548.03 275,110.24 4,420.09 
23 66.69 60,876.51 302,503.80 4,536.17 
24 71.45 63,297.60 332,301.05 4,650.76 
25 76.56 65,814.98 364,701.89 4,763.91 
26 82.02 68,432.47 399,922.47 4,875.68 
27 87.88 71,154.07 438,196.47 4,986.11 
28 94.16 73,983.90 479,776.56 5,095.25 
29 100.89 76,926.27 524,935.89 5,203.16 
30 108.10 79,985.67 573,969.73 5,309.86 

!"'F�?pq�[E 

G�1. 9:;�?!�¯��T (3) 2� ¡9:;�?!�¯��T (4) 2E 



−84−  ��P �?·9:;�?ef!��gh 

(24) 

� � 2. )¹TR�Ç�Öb@(!�8�?�æ ¡9:;�?@(���� 7,054.60

�E 

� � 3. ) ¡9:;�?Rh`®¯~ 10�¥£+ ¡9:;�?��� 3,166.83��

20�¥£+ ¡9:;�?��� 3,392.46��30�¥£+ ¡9:;�?��

� 3,866.42�E 
 

)Æ�`Ñ�ó9:;�?��8y�f!�?��¢b+8����°±²³´

µ¶J!9:;�?_�Áº»²³´µ¶J!9:;�?_�sV9:;ef_�+

g}f�Z[ (Ï^ 3)�ó9:;�?��8y�f!P �?��%�Ð0²³´µ

¶J�9:;ef+Ô¹�,9:;�?14VéïÅ9:;efYïÅ9:;�?_�ã

g}f�´R�����[���ñî|_SïÅef�¹ïÅ�?!�ð�s?pq

é/�5Eñ�9:;!ïÅef�¹9:;!ïÅ�?��¢d�ð!9:;��X

�ñ�âò@
( ) ( )C t B t
t t

∂ ∂=
∂ ∂

Esº»²³´µ�{ (Ï^ 4)�ïÅ�?YïÅef¿�

!�¥ð��Ö�ó|_S�8�	�óiX�8�	�59:;�?!��j\�i

½�58�¦§�8y�s\¨!q�ìi(Ed�nK�"kl8�WÎ§y�¢�

k��8�WM�8øùq��{Ï��'8ÁBÍ�¿mnCE 

 

                                                                                                                                                         
14 ����/KLw���[\KLQô9.��P<Îw�����/úfY��

/��O� )UDX\×p�A�XÔ��.ÑÒ�/g(ù�Q[\�hy�

��[\.iúûj'kl[\�mn[\�o�p�[\c.���[\q:�A

ù�?�[\Q��DV� 
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(25) 
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� 3  ./ 01(�2345678$%&'(�)�<=>�G9� 
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(26) 

2. DE<=>�*�F 

��Ú 4YÚ 5�S0Üxy 30�!pq	¥ô���"`�xyÓE¦§é~¨

!�e�ó°±²³´µ¶J·� ¡9:;�?¸¹�� 1,108.31�¤ 4,302.48�15�

�4! ¡9:;�?|_ST 10���(! ¡9:;�?|_ST 21� (Ï^ 5)E

d��`®¯~ 10�¥£+ ¡9:;�?��� 2,253.78��20�¥£+ ¡9:;

�?��� 2,352.30��30�¥£+ ¡9:;�?��� 2,824.88�E 

1��"`�xyÓE¦§é~¨!�e�óº»²³´µ¶J·� ¡9:;�

?¸¹�� 2,465.40�¤ 4,536.17���4! ¡9:;�?|_ST 7���(! 

¡9:;�?|_ST 30 � (Ï^ 5)Ed��`®¯~ 10 �¥£+ ¡9:;�?�

�� 3,166.83��20�¥£+ ¡9:;�?��� 3,392.46��30�¥£+ ¡9:

;�?��� 3,866.42�E 
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� 5   !����"#$%&'(�)�*DE<=>� 

                                                                                                                                                         
15 Ä�lVIDrsY��/tÔu2.§lVIDv�����/:aw 7,054.60".

x�&HôDyH�.§wv�����/ô�z×{Ô|}¨u� 
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3. ./ !<JK+L*MNO�F 

R¶é/�§y�����y�m�"RJ�noé�9ú�«���d9«�¬

�È�y���é��"}��¦§¨�?pqÈ� Chladná (2007) !¶J��9:

;«�¶JS 30%Á70% Y 100% ª0�eÚÛ,-\gh�s¬"}9«�¬

�¹9:;�?!$%E5,-\gh��ÏÚ 7�ÏÚ 7����Ú�9«�¬�ó

9«�¬i(��¢9:;�?i(��²³´µ�°±´µ�ó8�� 10�_�{�

¢ó9«�¬� 30% ��9:; ¡�?��� 362.00��ó9«�¬� 70%��

9:; ¡�?��� 788.46 ��ó9«�¬� 100% ��9:; ¡�?���

1,108.31 ��5Á�8�� 20 �_�{�ó9«�¬� 30% ��9:; ¡�?�

�� 649.33��ó9«�¬� 70%��9:; ¡�?��� 1,493.53��ó9«�

¬� 100% ��9:; ¡�?��� 2,126.68��8�� 30�_�{�¢ó9«�

¬� 30% ��9:; ¡�?��� 987.98��ó9«�¬� 70% ��9:; 

¡�?��� 2,297.28 ��ó9«�¬� 100% ��9:; ¡�?��� 3,279.25

�E 

�²³´µ�º»´µ�ó8�� 10 �_�{�¢ó9«�¬� 30% ��9:

; ¡�?��� 898.20��ó9«�¬� 70% ��9:; ¡�?��� 2,037.75

��ó9«�¬� 100% ��9:; ¡�?��� 2,892.41��5Á�8�� 20�

_�{�ó9«�¬� 30% ��9:; ¡�?��� 1,266.31��ó9«�¬�

70%��9:; ¡�?��� 2,933.15 ��ó9«�¬� 100% ��9:; ¡�

?��� 4,183.28��8�� 30�_�{�¢ó9«�¬� 30% ��9:; ¡�

?��� 1,597.17��ó9«�¬� 70% ��9:; ¡�?��� 3,718.71��ó

9«�¬� 100% ��9:; ¡�?��� 5,309.86�E 
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(28) 

, 7  >?@P�QR�S�-./0�#����$%	� 

 DE<=>� (�/@) 

�������� �������� ��

(
) � = 30% � = 70% � = 100% � = 30% � = 70% � = 100% 

10  362.00  788.46 1,108.31  898.20 2,037.75 2,892.41 
15  762.15 1,742.98 2,478.60 1,087.06 2,501.10 3,561.63 
20  649.33 1,493.53 2,126.68 1,266.31 2,933.15 4,183.28 
25 1,150.75 2,671.93 3,812.82 1,436.08 3,337.70 4,763.91 
30  987.98 2,297.28 3,279.25 1,597.17 3,718.71 5,309.86 

!"'F�?pq�[E 

G�ô9«�¬� ���d{Ï � = 30%�âÚ�9«�¬� 30%E 

 
?pq®¯~!£+ ¡9:;�?YpJ�ð ¡9:;�?��ÏÚ 8 YÚ

9E��Ú 8YÚ 9`Ñ�����"`�xyÓE¦§é~¨!�e�¢� �+4�

9:;�?E)[��d'R����"`�xyÓE¦§é~¨!�e@�qóE)

Ú 7��%��"`�xyÓE¦§é~¨!�e�¢£+ ¡9:;�?S 288.01 �

¤ 1,028.982�!¥V���"`�xyÓE¦§é~¨!�e�¢£+ ¡9:;�?

S 2,253.78 �¤ 2,866.42 �!¥�-k�~�#r`Ñ(ÏÚ 10)�~�!9:;�?!

��-½16EY"�tuvxy�8!9:;�?¿¬��%��"`�xyÓE¦§é

                                                                                                                                                         
16 ����/ÕÖD¢�y�~�.<Îy�2.úûA�å=���TU�����

���D¼ó���Y��/���×p�O� )UDÉ���c.×���~�.

V}+Ö���òy$U]:.(1)���KL (]w/]^/I)7aI����F³D�

�#(2)_`����� (]w/]^/I)7�
�¸�L�DaI�é�#(3)Z[�

� (]w/]^)7ÐV�
��9�D���%X~dy`a²���#(4)_`��� 

(]w/]^)7V�
�_`~����DX�#(5)��Ì�Q�� (]w/]^)7C½
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~¨!�e�¢tuvxy�8!£+ ¡9:;�?S 288.01 �¤ 1,028.982 �!¥
17�Y�ô¼~�Æ®¯! ¡9�?¿À�*¤4shV���"`�xyÓE¦§é

~¨!�e�¢£+ ¡9:;�?S 2,253.78�¤ 2,866.42�!¥18�Y�ô¼~�!

�¯�89�?¿¬�t�u�G(19E 

                                                                                                                                                         

¸�9
�)×iRQ���X����Q+Õ�/9:.���Q��&H����

©� Levelized cost method �P_`���KL&H (Moulton and Richards, 1990; 

Dudek and LeBlanc, 1990; Adams et al., 1993; Parks and Hardie, 1995; Callaway and 

McCarl, 1996; New York State, 1991)#����P���KL&H (Nordhaus, 1991; 

Richards et al., 1993; Alig et al., 1997; Richards, 1997; Adams et al., 1999; Stavins, 1999; 

Newall and Stavins, 2000; Plantinga et al., 1999; Sedjo, 1999)#��%X�)×±)���

KL&H (Lewis et al., 1996; Plantinga and Mauldin, 2001; Plantinga and Wu, 2003)�_`

�����&H (van Kooten et al., 1992, 2000; Wangwacharakul and Bowonwiwat, 

1995)�Z[�� (Ravindranath and Somashekhar, 1995) ×p��Ì�Q�� (Makundi 

and Okitingati, 1995)�]?_`��9��P_`���D&H (Dixon et al., 1991; 

Dixon et al., 1994; Masera et al., 1995; Xu, 1995; Wangwacharakul and Bowonwiwat, 

1995)� 
17 × 2008I 6ñ 26���D�³�Ö.1�"Â�� 30.333M�.§�Ö)*�`a

���DÉ��/Ì.;<=@AY�D_`v�����/ªw 9.50 �"J 33.93

�"D�� 
18 × 2008I 6ñ 26���D�³�Ö.1�"Â�� 30.333M�.§�Ö)*`a�

��DÉ��/Ì.;<=@AY�D_`v�����/ªw 74.3 �"J 94.51 �

"D�� 
19 .x��å=~�.Ú���ôQV}ÀÁå=j�:av�: 10 J 40 �".{:

6.33 J 25.32 �" (3M�: 303.27 "J 1,213.08 ")�ëk 2007 I� �¡ÀÁ� 

(European Climate Exchange, 2007) QÀÁå=&H.¢× 1�"£� 47.913M�Q�

³19�Ö.)¤� �¡ÀÁ� 2007IDÀÁå=ª�av� 660"� 1,320"�]?.
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(30) 

, 8  -./0�#��TUVW���$%	��X 

./PQ�RSTDE<=>�(�/@) 
��(
) 

-./PQ�RST

DE<=>�(�/@) �������� �������� 

10  1,028.982 2,253.78 3,166.83 
20 527.64 2,352.30 3,392.46 
30 355.01 2,824.88 3,866.42 

!"'F�?pq�[E 

G�dÚ6A£+ ¡9:;�?�� 10�¥Á20�¥Y 30�¥! ¡9:;�?£

+cE 

, 9  -./0�#��VW���$%	��X 

./PQ�RDE<=>�(�/@) 
��(
) 

-./PQ�RDE

<=>�(�/@) �������� �������� 

10 42.15 1,108.31 2,892.41 
15 26.54 2,478.60 3,561.63 
20 16.18 2,126.68 4,183.28 
25 9.86 3,812.82 4,763.91 
30 6.01 3,279.25 5,309.86 

!"'F�?pq�[E 

G�dÚ6A ¡9:;�?��T 10�ÁT 20�YT 30�! ¡9:;�?cE 
 

                                                                                                                                                         

¢ëk¥¦0´¢�§G (Den Elzen and de Moor, 2002; International Emissions Tading 

Association, IETA, 2003; Grubb, 2003; Olschewski et al., 2005).CDM¨©ÀÁå=ª�

av� 10J 20�".~x�ôQ OECD°îª�ÇÈÉ£+Õ� ���ÀÁÉÊ 

(European Union's Emission Trading Scheme, EU-ETS) Då=:av� 10J 25�" 

(Grubb, 2003)�¬ëk 2007I��í	D+Ö.Ú�«¬Çx®¥ CDMÉÊ¯°

±²�³��´�Q�µ�: 2 ¶J 4 ¶v�.av�å=w 15 J 20 �" (Â��

23.7J 31.6�"19).,-²·J-\ 25�" (Â�� 39.5�")�̧ °î�ÀÁ 85% ×

ôQ� �ÀÁ¨©�.2008IQ_`v�å=: 23�"¹º (Â�� 36.34�")� 
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, 10  YZ[	�#����$%�\]^_ 

UVW 
�W XYZ[ )�<=>�\�]@^W

Moulton and Richards 1990 w� 9w�¤41w� 
van Kooten et al. 1992 �y½ 6w�¤18w� 
Adams et al. 1993 w� 20w�¤61w� 
Xu 1995 6� 4¹2w� 
Callaway and McCarl 1996 w� 10w�¤150w� 
Sedjo 1999 z�{ 20w� 
IPCC 2001 w� 0.1w�¤100w� 
Richards and Stokes 2004 w� 10w�¤150w� 

van Kooten et al. 2004 w� 
78Ì��46.62w�¤260.29w� 
8^�9�;V_Ê��12.52w�¤68.44w� 
*���P �?�116.76w�¤1,406.60w� 

8��� 1999 �� ×�Ã269� 
���� 2000 �� ×�Ã448�¤2,509� 

8��� 2007 �� 
�v�w�×�Ã511.61� 
*�%
�×�Ã1,597.82� 

!"'F�?pq�[E 

$�!�#%& 

�ê�8YíÚ78î»�ïCD!Ëðñ� (adaptation) 1ò���Å9B��

�CD!RE&�'�ô8õ�ö�÷ÛA�8øùnC�Ïøù�8Áú
�8V£

ûüý�8�þ`��78�8�,V9:;�E?pq!��x�`g�[�Y��

��g�S[��g�?pqW~"}sy!9:;�?®¯12�ãâ9:;�?ß

���8�?Á�8�ïZ[�?V5����f¼�ãÇ���àá9:;�;Sé

äå!�f�{Ï8y�f�¹/!�9:;!�?ß�8�?Á5���!�b¼�

�¤�"`�xyÓE¦§~¨!�bE5Á�S���g�?pq/ãtuvpq6
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wz0xy�z8!_DY�?!"�_)9:;�	��2�ghxy�z8"}8

�!9:;�E{t[�Y�����?pqgh���8!9:;�?Yef��¹

ïÅ�?YïÅefÚÛgh�®¯~ ¡9:;�?��Yk�~�!9:;�?Á

�ÅÆ!9²³ÚÛ¬@�	�MnKoJ�8B9nC!°�E 

��?pq!�����S9:;ef�g�S8��T 10���¢�,����

100.08 ¾1�¿��,9:;����� 28.09 ��9:;ef}c���� 37,868.07

��8��T 20���¢�,���� 199.54¾1�¿��,9:;����� 54.22

��9:;ef}c���� 54,154.85�E5Á�Sy��f�g�S°±y�²³´

µ·�8�� 10�!xy�z8�5����8�f� 29,944.26��§	� 20�!

xy�z8�5����8�f� 114,427.37�ESº»y�²³´µ·�8�� 10�

!xy�z8�5����8�f� 77,473.48 ��8�� 20 �!xy�z8�5��

��8�f}c� 225,931.69�E 

S9:;�?�g�S°±!3y²³´µ¶J·�8y�T 10�_��59:;

�?���� 31,128.09��¹¯`ã ¡9:;�?��� 1,108.31��20�_��5

9:;�?���� 115,304.37 ��¹¯`ã ¡9:;�?��� 2,126.68 �ESº

»!3y²³´µ¶J·�8y�T 10 �_��59:;�?���� 88,296.02 ��

¹¯`ã ¡9:;�?��� 2,892.41 ��20 �_��59:;�?����

226,808.69��¹¯`ã ¡9:;�?��� 4,183.28�EV©¼�)¹§y����

�y�m�"RJ�noé�9ú�«���d9«�¬�È�y���é��"

}��¦§¨�?pqÈ� Chladná (2007) !¶J��9:;«�¶JS 30%Á70% Y

100% ª0�eÚÛ,-\gh�ó9«�¬i(��¢9:;�?i(E)?pq

`Ñ��t���"`�xyÓE¦§é~¨·'®¯�89:;�?��¡ 4��

8!9:;�?Es?pq!�����{�St���"`�xyÓE¦§é~¨·�

£+ ¡9:;�?S 288.01�¤ 1,028.982�!¥����"`�xyÓE¦§é~¨

·�¢£+ ¡9:;�?S 2,253.78 �¤ 2,866.42 �!¥����ô¼~����9
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:;�?®¯nXsh�þ$%�Ï�8�?Á�û5���!P �?sV9|�Á

�,Áy�²³!�®1ò"}é$%9:;�?!(4�?pq�®¯~'!9:;

�?µ}Y�ô¼~�½¾¿ÀE 
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On the Cost-Benefit Analysis of Carbon 
Sequestration under Considering 

Opportunity Cost 
 

Jiunn-Cheng Lin* and Wan-Yu Liu** 

Abstract 

In order to reduce the negative impact due to the climate change resulting from increasing 

greenhouse gases, many countries in the world have actively adopted various kinds of 

approaches to reduce greenhouse gas emissions. Among those the forest carbon 

sink/sequestration has been regarded as one of the strategies which can provide the lowest costs 

for the reduction of emissions. Since forests are increasingly recognized as playing a key role 

in reducing carbon dioxide, forest carbon sinks have been included in Kyoto protocol as one of 

the mechanisms in mitigating climate change. According to Kyoto Protocol Article 3.3 and 3.4, 

the production of CO2 sequestration and emission due to the strategies, which includes 

increasing afforestation, reforestation, deforestation (ARD) and improving forest management, 

can be merged to the amount of national emissions reduction. Concerning the economics of a 

country, forest management is a good cost-effective strategy for carbon reduction. The aim of 

this paper is to assess the economic cost and benefit of carbon reduction under China Fir 

plantation at Lien-Hua-Chih. In this research, we found that profits from harvest of timber have 

not been taken into consideration as part of the opportunity costs of carbon sequestration in 
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previous studies, which may have caused underestimation of the carbon sequestration cost of 

human-made forest plantations. Based on the results of empirical simulation conducted in this 

research, a 20-year-old China Fir plantation yields a carbon sequestration volume of 54.22 tons 

after the opportunity costs are taken into consideration. Each hectare yields a present value of 

benefit of NT$54,154.85 from carbon sequestration and NT$225,931.69 from timber harvest. 

And each hectare incurs an accumulated carbon sequestration cost of NT$226,808.69, and the 

unit carbon sequestration cost comes to NT$4,183.28/ton. After factoring in the opportunity 

costs of carbon sequestration, the average unit cost of carbon sequestration rises from 

NT$2,253.78 to NT$2,866.42. To be thorough, this research brought in three additional carbon 

release ratios to calculate the unit carbon sequestration cost. Results show that, under the 

configuration of dispersed price function, the per-ton cost of carbon sequestration falls between 

NT$362 and NT$3,279.25, and when configured under continuous price function, the per-ton 

carbon sequestration cost falls between NT$898.20 and NT$5,309.86. Estimates derived from 

this research are generally consistent to the carbon sequestration costs estimated in the previous 

studies published internationally. 
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