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���� ������ ��  �!"� ��# $#��# �� �� %&''(&)*+	 ,��	 .   .# /0�)12 30"4 5�� &)*+	 6#��7
 .�82SO /� 9):� ��#; ; &)*+	  �!"� ,�# �� �+< .#�* 5    0')=� $#�0)� �0>*�?� ,0�# ��@   /2�0�!A#2SO 

��!'�  .# 6&< ,�# �!"� ;  B�C D�)*�� �')=�$E �� ��;E�� ��# 6&<.   D��0FG /':'� ;� 5�+1'� ,�&�
&C&< ��;E�� /8�+*E H7�( /��=C @'��7 ; /��=C .    .�08 ��0�!C# H7�0( I#�� �#��# �G#��� �� J���	2SO 

�.�# �;� .# 6��K!�# ��  �!"� ,�# .# C�8;� L�M!C# N;��� I�#�8O� @ ; 3)C   �0� 5I&0>P�    ��;E�0� �+01'�
   &0< ��;E�0� 5/��0=C D��FG /':'� . �0�         /8�+0*E H7�0( /��0=C @0'��7 /0':'� ��;E�0� �+01'�2SO 

I��Q!R# �;� .# 5 �!"� ,�# .# 6&<��!'� - &< 6��K!�# /�&'=� .    ,0�# ��0�!C# /2�0�!A# @')=� �#&T�
 U�V��T	 .�86/265290  $E �� D�)*�� @')=� B�C ; Y�� �� ,	2/12815   ��0�!C# ,	 �7 I#.# �� Y���2SO 
&< ��;E�� . D�)*�� �G# 5#�*2/12815  .�8 ���!C# ,	 �7 I#.# �� Y���2SO 	 ��    ��0�!C# .�0"� �#&0T� ,))>

6/265290  ,	2SO /� ��='�)� 6&'�[E ,�# H7�( �=A 5Y�� �� �+<.  
3�CJ $*,� JEL: C14 ،D71 ،H43 ،Q51 ،Q52 ،Q53 

<%�:O
�$ �M: �M	), $. C)�� �!�#���I .+	�  5�#.E �;� �O ; C)3 P�&>I5 \?� =�) 0'@  2�0�!A#/  8�+0*E/5 
*��)5D�  �!"� �� ������.  
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1 .3�$��  

 />)Va  ��'� �b(#�F�. I�7[�( ;  /?):�/�#�#� c�A /�+�2 I�71   &0C# )Clinch and 

Covery, 1999 .(,�#���'�5 f)76�)gC# �C+8 ��K!�# I#�� I#%  .# #��($E �7   �0� 5��#&C �+A;
&C�#.�� &R�� �h'�# J)*� .,�#���'�5 ��iE � /VC�A� /� �+A;    I#��0( j)0QM	 �� �#.�� ; &'�E
/� �Fh< ����  ��'�  �+<)Ayres and Kneese, 1969.(  

3=� .# /h�  ̂_0F� 5�F�. 9):� k:� �� /VC�A ��iE ,��	@   �0�# /8�+0*E .  /8�+0*E
/8�+*E ��>�# .# /h� #+7 /� J)h�	 #� /?):� �F�. I�7 &7� .  

�V'A ,!��8 �1C �� ��    /8�+0*E &0'C��7 /VC�0A ��iE J��( l�4 5I��Q!R# I�7   I�07
F�. 9):�C /^�2 ; L+^?� 5�5�F)  #��.�)*�>� .# /<�C U[+�>�   �0( ��# I&)*+	 I�7

&C&)K� ; &'��+� �>��A I#�� .�"CE .#     ��0�� /0?):� �0F�. I�7[�( k:� �� �#.�� �(
/� �Fh< �+<5  #�*��# m.[ ')=� $#�)�@    $E \?0� ; ��0( ,))>	 #� /8�+*E /2��!A#

&C��� /2��!A# �')=� \?� �� #� .�I#� �Y�b5 /�   �.�# #� /VC�0A ��0iE $#+	    �0� ; I�#�08
/C;�� D�)*�� �G#2 6�g'� �	 ��( �'��7 �7 /2��!A# I�73 �'��7 I�A �� #� /n+QG I�74 

')=� \?� �� /8�+*E \?� ; &C.#��o�@ &��� $E /2��!A#.  
���� .# /h� ������ ��  �!"�   0�!"� ,��	   /!>'0n I�07-    ; $�0=A /C&0>�

���� ''(&)*+	 ,��	&%  �� �� $#��# �( ��# ��65  ; $�"'F�� /��p L+'A I�!�+^)(
160 ��# 6&<  R#; $���( /��p L+'A I�!�+^)( ) 5/')F4�)�1386(.   ,0�#�  0�!" 

  Y�q!0<# rV0� ; ��#� $#��# ��Q!R# �� /�=� HTC     $�0��( $�!0�# �� /0�#. �0�   s+0QG
��# 6&< $�"'F�� $�!��=<5 �� I�+a �;&4 I#��  �!"� ,�# �(8000   $#�0�# �� �KC

 ; 6��( ��"�# Y�q!<#203065   Y�0� �� I&	�( �� ,	1390     &0)*+	  0�!"� ,0�# ��
 ��# 6&<) 5$#��# ��  ��'n /^� �(�<1390 .(��  ,�#5Y�4 �"CE .#  �(�;�'� &0�2 I% 

6�+( �� �� &)*+	 ; L;t D�)^�2 J��< ������ ��  �!"� �� �+A+�   L�+0�� I�7
)�^>< I# ()� �+	�+'( ;u�-  �)��#��# 6�+( �( �^>< I�7 ������ �� I#5   ,��0GE

                                                           

1. Public Goods 
2. Internalize 
3. Social Costs 
4. Private Costs 
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6�+( v+C ,�# .# D�� &)*+	 I�7 5&C#  6�+0*E �#+� .# /�)12 3"4     5 0�!"� ,0�# �� 6&0''(
/� 9):� ��#; ; &)*+	 �+< .6&�2  ,��	 6�+0*E %���   �0�!'� %&0''(   6&0< 0C�G��( .#@  L;t

 .�8 5������ ��  �!"�2SO �� 5��# I�+a # $#�)� �(  .�08 ,�# ���!C9/789   �� ,0	
��# .;� ) 5/')F4�)�1386(. 3"4  ���.5.�8 ,�# Jh< �� /�=� �)iw	 $#��� I�)8   I�07

��#� �&>!� /?):� �F�. Dxh�� .;�� ; I&)�# .   .�08 ,0�#  �0�   ; $�07�)8 5D#�+0A+�
 �)iw	 �T?'� m�FA#/�  ��#�8) )K<  56�#.1386(. 

6.#&C# u��# �� I�)8 �#�# I�7%  J( �F�. 9):� $�!�#$���(  Y�0� ��   I�0789 -1388 5
.�8 �1^p 2SO 9):� �� ������ ��  �!"� l#�a# I�7 ppm1 2/1 -5/0 ��# 6�+�   �0(

 $E ��#&C�!00�# �#&00T� .# H)00�) ppm14/0 (�00�#. D��00FG J00)*� �00�  �00� 6&00<��#; I�007
Y+Q:� m#� ; I.�;��( I�7 I���)� /G�� y#;� ; �7     �#�0�# 5 0�!"� ,0�# l#�a# za�'� �� �7

&C�#� .�8 ,�# ���!C# H7�( �� J���	 �T?'� .  
[�00( #+007�/00'>� {��#� #� /�+00�2 I�007[�( /008|�; �00( �00�# /00?):� �00F�. /5 

�)h*�� 3)FT	 ; ���� �F)C ����. �")!C ��5 6�)gC# f)7 ��K!�# I#�� I#%  �+A; $E .# #��(
��#&C .,�#���'���iE 5 /VC�A �7� #+7 /8�+*E &'C�� /� �+A;   I#��0( j)QM	 �� �#.�� ; &�E
 ��'�5 /� �Fh< ��+G.  5#�*�>*�?� ,�# ��5  0')=� $#�)�@   /2�0�!A#2SO   .# 6&0<��!'�

 �!"� ; ������ ��  B�C D�)*�� �')=� $E ����# 6&< ��;E��.   

2 . &2M�@Q �#��  

 /8�+*E .# /:?� 5/2��!A# �1C .#)E ( �( ��# �')=�/2��!A# j*�G  ��'�2   /8�+0*E
)NB (&'( �b(#&4 #� . 5 R#; ��  0')=� $#�0)�@   /2�0�!A#  /8�+0*E)E*(     �0( �0�# /��0A

 .# 6�g'� /��=C �>K'����!C# '��7 �� /8�+*E@  /��=C��#; D#��FG   $#�0g�� �� 6&<  /0<�C
 5/8�+*E ���!C# .#   &0<�� I;�0F�)Hussen, 2004 .(  �0� �0�   �0g�� D��0V2 0� 5 0')=� \?@ 

A# /2��!/8�+*E 5?TC ��@ /':'�  a�T	 '��7 I�7@   /8�+0*E H7�0( /��=C )MAC(3  ;

                                                           

1. Parts Per Million 
2. Net Social Benefit 
3. Marginal Abatement Cost 
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/8�+*E H7�( /��=C �>K'� )MAB(1 ��# . Jh<1 5')=� $#�)�@  /8�+0*E /2��!A#  #�
I#�� /� $��C 6�g'� O� &7� . /8�+*E /*��>	 ��)R)t* (���� /!�)R     B�0C �0� �0�#�� ; I#

 /8�+*E ���!C# �� D�)*�� @')=�  6|0�; �0)�7# �( ��# ��#� I# .t*     O0� I�����0( �0�)R
    �0�# /8�+0*E /2�0�!A# /��0=C $��. �� I;�F� ; /8�+*E @')=� \?� �� /8�+*E &4#; .

6&'�[E I#�� �}C�'� 6�g'� ; �<#� �+A; �#.�� �7   6&0'�[E &4#; �7 y;�G ; ���!C# z4 �7
/� I�#&��G #� ,�# �� 5&C��(  D�+nt*  ��)R �+� �#.�� &�E��() 5L���#1387 .(  

  

 SH�1 .*�+, TU6)  &"	#4. &'���(
)E*(  

/^2   I�#�g!0��)� �� /8�+0*E /2��!A# @')=� \?� ,))>	 �)�7# 3p�     �0� N+0��� I�07
�>*�?� 5�+�( .# y��G ; JG#� �� $+'(�	 5/8�+*E H7�(   /2�0�!A# @')=� $#�)� ��;E�� �� I#

 D�)*�� @')=� B�C ; /8�+*E   /8�+0*E D��0FG /��=C @'��7 /':'� I��#�� .# 6��K!�# �� $E ��
��# �!G#��oC /8�+*E Y�!'( /��=C @'��7 ; .      @0')�. �� /(&0C# D�0>*�?� 5�+0�( J0G#� ��

���� ��)R ��;E��  /8�+*E I#) /8�+0*E &4#; �7 �� �')=� D�)*�� (    .# y��0G �� ; 6&0< m�0"C#
 6��K!�# �� /8�+*E �� D�)*�� �)C �+�(�;� .# ��# 6&< ��;E�� �g�� I�7.  

                                                           

1. Marginal Abatement Benefit  

&"	#4. �
$�� 
E* 

MAB 
MAC  

t*  

� 8L�*�  

3*V-M  �M

)W�V�(  
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 /2�"<)1389 (   ; ��;E�0� �+0�( $�!�# H< �� �p�( �>'n �� #� �V� D�)*�� B�C
��( ��K!�# �'��7  ��	 �;� .# �+1'� ,�&� .  D�0)*�� B�C �( �#� $��C �>*�?� ,�# ~��!C

 �>'n ,�# �� �V�2/7 ��# &n�� .  
 ,0F:� ; /^)2���#   �+0�)1389 (    0� �0�)R ,)0)>	 �0����  6&0'�[E I#    �� #+07 I�07

6�8;�)C &'!G#��� �+�( I�7 .    &0C��( 6��K!0�# 6��0=C ���0F�  ��	 �;� .# �+1'� ,�&� .
���� ��)R �( �#� $��C ~��!C 6&'�[E I#  $�;�!)C I�7&)F(# I�7)NOX (  &)0F(# I� ;

 r)	�	 �� ��8+89/14990  ;3/17683 ��# ,	 �7 I#.# �� Y���.  
 �(�)2011 (/���� �� ���� ��)R 6&'�[E I# �G#��� /(#+^�+h� �� #+7 I�7 . ,�&�

    ��0( 6��K!0�# 6��0=C @^0n��  ��	 �;� .# �+1'� .     ���0� �0�)R �0( �#� $�0�C ~��0!C  I#
6&'�[E  I�7PM 52SO  5NOX  ;CO  r)	�	 ��8374 51198 52805  ;6051    �0� ;�+0�

 ��# ,	 �7 I#.#)Rečka, 2011.(  
 $+FC�7+A ; �C�C;��h�)2012 (��     ���0� �0�)R ��;E�0� �+01'�  I#2SO  ;NOX  ��

Y�p. &)*+	  ��'n  &0C��( 6��K!�# 6��!� @^n��  ��	 �;� .# 5�h���E �'� .   $�0�C ~��0!C
���� ��)R 9�+!� �( �#�  I#2SO  5343-201      �0�)R 90�+!� ; ,0	 �07 I#.# �� �[�

����  I#NOX 51352-409     �0�# �0)q!� ,0	 �7 I#.# �� �[�)Mekaroonreung and 

Johnson, 2012 .(  
�>*�?� 5�+�( JG#� �� $+'(�	     H7�0( /��0=C @0='��7 /':'� ��;E�� s+QG�� I#

       D�+0n �0')�. ,0�# �� I�&0>!� D�0>*�?� 5�+0�( .# y��G �� /*; 6&�C m�"C# /8�+*E
$E .# /G�� �� �( ��# �!��8 I��Q!R# �;� .# �( �7- 6��( 6��K!�# /�&'=�   6��0<# &C#

�/ 3)'(.  
 $+FC�7+A ; �"'�;��()2003 ('��7 /':'�@  /8�+*E H7�( /��=CNOX  ;2SO  #�

I��Q!R# �;� .# 6��K!�# �� &Cx'�  ��'n I#��-   Y&0� .# �+1'� ,�&� ; ��;E�� /�&'=�
RAINS &C��( 6��K!�# .�>*�?� ,�# �� I�;�'� ~'�    Y�0!'( I#�0�NOX  ;2SO   �01C ��

��# 6&< �!��8 )Karvosenoja and Johansson, 2003.(  
 $#��h�7 ; /"�;)2010 (   0'��7 /0':'� ��;E�0� ��@     /8�+0*E H7�0( /��0=CNOX 

&'!G#��� .I��Q!R# �;� .# �+1'� ,�&�-   6��K!0�# [�� �� ,)��� .# ���)7� .# ; /�&'=�
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&C��( .�;� O� �>*�?� ,�# ��%  /C��.�F)� �=� B�C ; �*��% 7%5  ,)'}�7 I�;�0'� ~'� 
 ��# 6&< �!��8 �1C �� /8�+*E H7�( I#��)Vijay et al., 2010.(  

�>*�?� 5$#��# ��    /8�+0*E /��0=C D��FG @'��7 /':'� ��;E�� @')�. �� I#)  �0>K'�
  /8�+0*E H7�0( /��=C (   �0�# �0!��gC m�0"C# .     ; I&0>� 3)0C ; O0� �;� .# 5,)0'}�7

,)�M	 �� �#.E  �.+	 I�!�#��� ��)C $. �)� ��;E�� �+1'�  I#�0� �#��# �G#��� �� J���	 $#
��# 6&�C 6��K!�# /8�+*E H7�( .   �� �+0�( .# y��0G ; JG#� �� I���. D�>*�?� 5/*;

 �� �( ��# �!��8 m�"C# /8�+*E H7�( I#�� �#��# �G#��� �� J���	 $#�)� ��;E�� @')�.
$E .# /G�� /� 6��<# �7 3)'( .  

 /�[+� ; �C#;)2006 (� �� J���	 ��;E�� ��   �0)K)( �+0V=� �� ,)� $�'(�� �G#��
&'!G#��� #+7 .�.�# �;� .# �+1'� ,�&� N;��� I�#�8 )CV(1 &C��( 6��K!�# .  ,0�# ��

�C+�C z��a .# D�2xa# 5�>*�?� �TVa /���Q	 I�)8  @C+�C .# 6��K!�# �� ; I#500   I�0KC
 �A I�+�4 @V4�Q� ; &< I�;E . �( �#� $��C ~��!C96  J���	 �#��# &n�� �G#��� ��

         #+07 �0)K)( �+0V=� I#�0� �0G#��� �0� J0���	 90�+!� ; &C�#� #+7 �)K)( �+V=� I#��
34458  ��# Y�� �� �[�)Wang and Mullahy, 2006 .(  

 $#��h�7 ; �gF��)2011 (  #� #+07 /8�+*E .# /<�C I�7�)� ; ��� I��Q!R# �.�#
�.�# �;� .# 6��K!�# �� �+1'� ,�&� ; ��;E�� N;��� I�#�8   J��0< /���;�# �+�( �C .#

    �0C+�C $�!0F=* ; /(#+^0�# 5O0� 5�)�+� 5$��*E 5����C#� 5�)C�!��� 5�)C�o�# 5�FC#�� I# 
1463 &C��( L�M!C# I�KC .       JR#&04 5/8&0C. Y�0� O0� �.�# 5�0>*�?� ~��0!C u��# ��

25000  �b(#&004 5;�+00�100000 �00� ; ;�+00�  900�+!� �+00a40000  &00< ��;E�00� ;�+00�
)Desaigues et al., 2011.(  

�+G ,F4 ; �xG#  /7�<)1381 (       �� .#�)0< $�'(�0� �0G#��� �0� J0���	 $#�0)�
�.�# �;� .# �+1'� ,�&� ; ��;E�� #� #+7 /8�+*E H7�( &C��( 6��K!�# N;��� I�#�8 .

 @C+�C 5�>*�?� ,�# ��750 �� I�#+C�G     �0C+�C �;� .# 6��K!0�# �0� ; /���0Q	 �+a   I�0)8
�<+G �# 6&< L�M!C# I#� .     �07 @C[�0� �0G#��� �0� J���	 9�+!� �( �#� $��C ~��!C

 �^V� 5#+7 �)K)( $&< �	&� .# I�)8+^A I#�� I.#�)< &C;�=<2927 ��# Y���.  

                                                           

1. Contingent Valuation 
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 $#��h�7 ; /!"=�)1389 (  �;� .# 6��K!0�# �� 5$#�=	 �� ��� I#+7 �.�# ��;E�� ��
�.�# &'!G#��� N;��� I�#�8 . @C+�C �>*�?� ,�# ��1010 # I�KC  $#�0=	 �=< $�'(�� .

�C+�C �;� u��# �� 6�=� @V4�Q� ; L�M!C# /���Q	 I�)8 ��   �0!��8 m�"C# �#��# �� 6�=�
��# . �( �#� $��C ~��!C7/55  @C�7�� ,)gC�)� ; &C�+� �G#��� �� J���!� �#��# .# &n��

 �KC �7 I#�� �G#��� �� J���	3500 ��# 6&< ��;E�� Y���.  

3 .Y���� Z��  

��    /2�0�!A# @0')=� $#�)� ��;E�� �+1'�2SO      ; ��0���� �0�  0�!"� .# 6&0<��!'�
 /':'� ;� &��� #&!�# 5$E �� �')=� D�)*��'��7@  /8�+0*E H7�( /��=C    /��0=C �0>K'� ;

 /8�+*E H7�(&C+< ��;E��.  

3 .1 .&"	#4. [M�% &V�+A FI\*� &*�*�  

    /8�+0*E H7�0( $#�0)� �� �?�#� �� 3=� k4�V� .# /h�  �0��)� t�0M	# ;    Y�0!'( I�07
��# /8�+*E H7�( .# /<�C  ��'� �� /8�+*E ���!C# .# /<�C D#��FG ��;E�� 5/8�+*E .  

  

 SH�2 .&"	#4. �
 &��A �
���= � &"	#4. [M�% �
!, F=
	!Q 3, SV��� ]�, )U,
�  

 Jh<2 /� $��C      �0� �0�#�� /8�+0*E ��0�!C# �i# �� �#��# �� 6&< ��#; D#��FG �( &7�
     �0� �0�#�� /8�+0*E .# /0<�C /��=C D��FG ; /8�+*E H7�( I#�� �#��# �G#��� �� J���	

&"	#4. �
$�� 

W�V� 

MD  

MWTP 
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��# /8�+*E H7�( I#�� �G#��� �� /��=C J���	 .       ��0	 5��0Q!R# Y+0�>� @0��1C z0Va
 /8�+*E /��=C D��FG)�� �G#��� �� /��=C J���	 /8�+0*E H7�( I# (   5I�+>0n />��0	
 ��# L&:� ; �!�+)�)Kolstad, 2000 .(  

�� 5�>*�?� ,�# ��  .�8 ���!C# .# /<�C D#��FG ,)�M	 �+1'�2SO   .# /0<�C �>K'� ��
�.�# �;� .# 6��K!�# �� �#��# �G#��� �� J���	 5$E ���!C# H7�(  N;��� I�#�8)CV (

< ��;E�� I&>� 3)C ; O� @C�8;� L�M!C#��# 6& .  
HM� .# /h�   �;� �� 30=� ��)F� I�7CV    ; �07[�( �.�# y#�M!0�# �;� ,)0)>	 5
   �0�# D��&0G)Mitchell and Carson,1989 .(    D�0>*�?� �� D�02xa# y#�M!0�# �;�

CV�*# �^�A .# 5��# D;�K!� 5 (��='�)� I.��1L 5 ( �0G#��� D��(2 )PC(y 5 (  �0���
 .�0�-  �!0F�3 )OE (� ; (  �0C�8;� L�0M!C#4 )DC) (Boyle et al., 1996 .(  L�0M!C# �;�

I&>� ;� @C�8;�5 )DB (  Y�0� �� 5I��0�E /�#��( J)*� ��      I��0�. ����0� .# �0)G# I�07
�� ; �#��+G�� �� 6��!F8 D�+n  ��# 6&< �!��8 ��() 5�#|C�)�#1384 .(  /��07��T!C# �!V*#

      &0< 6&7�0�� ��#+0� /0G�� �� �0h'�# �0� /'V� 6&< ��#; �;� ,�# �� �)C   L#+0A �0( 6
Y#�� &C��8.���C m;� ; Y;# I�7 .,�&�  ��+( #� �C�8;� L�M!C# �;� .# I�g�� Jh< 5J)*�

 $#��00h�7 ;) 2002 (O00� @00C�8;� L�00M!C# �;� $E �00� �00( &00C�( ��00?� ; 3)00C I&00>��6 
)OOHB (&'�+8 . �;� .# �)C �>*�?� ,�# ��OOHB ��# 6&< 6��K!�#.  

3 .1 .1 .A � ^V )A�"�	 _�`�A
 Z���$I, a� 

 �;� ��OOHB @00'��7 �00)a �00� #&00!�# .# +gM00��� ��00� D U
i iB ,B 

  /00� �00A#+�  5�+00<

�� I�+a �(D
iB; �!�( ��)R 5U

iB ��# �	[�� ��)RD U
i iB B <  .   ;� ,0�# .# /0h� 5#&!�#

�� ��)R  /���Q	 D�+n/� �!�#+G ��� .# ; L�M!C#    �� #� �+0G �0G#��� �� J���	 �	 �+<
&'( $�)� I��='�)� ��)R �� �F��T� .  &07#+G ��?� /	�+n �� �='	 m;� I��='�)� ��)R

                                                           

1. Bidding Game 
2. Payment Card 
3. Open- Ended 
4. Dichotomous Choice  
5. Double Bound 
6. One- and- One- Half- Bounded Dichotomous Choice 
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   �0!�( �0�)R �8# 5/'>� {&<�� �!<#� I��8.�� ; z��?	 5Y;# Y#�� L#+A �� �( &<( )D
iB 

�� ��='�)� /���Q	 �+a       �0<#� &07#+G �+0A; $E @0�#�# �� �0")!C �� 5�+< L�M!C# �)*;#

}�)GN)1({ 5}�^�Y)2(�)G 5 { ;}  �0^� 5�0^�{ .   �	[�0� �0�)R �08#( )U
iB  �0�    /���0Q	 �+0a

D��V2 ~��!C 5�+< L�M!C# �)*;# ��='�)� # .# &C}�^�{ 5}�^� 5�)G { ;} �0)G 5�)G{ .  ,0�# ��
!� Y��!4#  �#+	 D�+n���� �� ���' �� �+� I�7 �+� &7#+G ��. 9�#;� D�+n :  

)1(  { } ( )N NN D D
i i i i iπ π pr C B G B ;θ= ≡ ≤ =  

)2(  { } ( )YN NY D U U
i i i i i iπ π pr B C B G B θ G  ;= ≡ ≤ ≤ = −  

)3(  { } ( )YY Y U U
i i i i ipr B C 1 G B ;π = π ≡ ≤ = − θ  

��#� 3!���g* 5,�#���'� L#+A u��#�� /���C    �0��� �� [�0� I�7OOHB  �0�   D�+0n
 @?�#�4 &< &7#+G.  

)4(  ( ) ( ) ( ) ( ) ( ){ }U D D
i i i

1

ln 1 ; G B ;θ G B ;θ G B ;θ
N

OOHB Y U NY NN
i i i i

i

L θ d ln G B θ d ln d ln  
=

     = − + − +     ∑  

Y
id =1 �� v;�< �8#D

iB  L#+A ;)�^� 5�^� (�� v;�< �� &<��U
iB  L#+A ;)�^� ( &0<�� .

,�# �)p �� /� �Kn D�+n �+<.  
NY
id =1 �� v;�< �8#D

iB  L#+A ;)�)G 5�^� ( �0� v;�< �� &<��U
iB   L#+0A ;)  5�0)G

�^� (&<�� .,�# �)p �� /� �Kn D�+n �+<.  
NY
id =1 �� v;�< �8#D

iB  L#+A ;)�)G (�� v;�< �� &<��U
iB  L#+A ;)  �0)G 5�0)G (

&<�� .,�# �)p �� /� �Kn D�+n �+<.  

 ~��!CMLE �� �( D�+nOOHBθ̂    D�02xa# ���	�0� .# 6��K!0�# �� ��#OOHB OOHBˆI θ   
   �0�#� �b(#&04  ��0	 ,)�)7 ���	�� u+h>� .# Jn�4      J0n�4 [�0� @0*��>� �� /��0�C

/�  �+<)Cooper et al., 2002.(  

                                                           

1. No 
2. Yes 
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3 .1 .2 .]��`� 	
�. 8V�#� �!��
��Q 3��A ��1 )SNPDF(  

�� Y&� �� Y+�>� �+a �.�# I�7 ��� �� I�!�#��� �;� .# 5N;��� I�#�8  I�07   /0n�G
/� 6��K!�# �7�!�#��� ,)�M	 �� $E  �.+	 ;  ��	 Jh< %�����  �+<)  ; �0)A+* Y&� &'C��

�)�;�� .(�;� ��� u��# �� I�!�#��� I�7 I�7      0�.+	 ;  ��0	 r0��'� Jh< �� /'!V�
,)�M	 ��"�# k2�� z)R� $. �;� �� �VFC /�#��( I�7 /� I�!�#����)p I�7 &C+< .  /0*;

,)�M	 ��"�# rV� 5&'<�VC \):n �;�� ,�# �8# $.  ��+0	 ; ��8.���C I�7   &0'7#+G �#�
&< .�)n+	     ��#� �+0A; $E  0�.+	 ;  ��0	 Jh< L�M!C# I#�� /K)>� I�1C I�7)Creel 

and Loomis, 1997 .(,)00�M	 .# �00>*�?� ,00�# �� 5#�00* �00�)C $.  �#.E  00�.+	 I�!�#��00�
)SNPDF ( �0�   ,)0�M	 I��8.�00��C .# L�0'!A# �+001'� $.   �0�# 6&00< 6��K!0�# �007 . ,00�#

,)�M	 ��� �� .�)C $;&� ��# ���R $. I�7   #� 6�0�� 5$E  �.+	 ;  ��	 Jh< %����� s�G
6.#&C# &'( I�)8 .  

�+^?�  ��	  �0� #� ��0� 3)T!F��)p �)  D�+0n ε) u= u(z, y, x,   /0� �01C ��   53��0)8
�� I�+a  �(1z=  �F�. 9):� �)K)( �+V=� �gC�)�)  #+07 �0)K)( �+V=� �"'�# �� (;0z= 

��# �+V=� m&2 I#�� .x 5y  ;ε �� �QM�� �#��� r)	�	     5��0� I��0Q!R# ; /2�0�!A# I�7
F��)p �)�+^?�  ��	 /���Q	 c�A ; ��� &�E����# 3)T! . #� �+G �)�+^?� ��� �h'�# ��

�� /� ,)T� �+a     /��0�	 $�+0VC 6&7�0�� J��R J)*� �� �g���� I#�� �)�+^?�  ��	 5&C#�
��# /���Q	 $E I#�A# .   �0�# c�0A ;� I#�#� ��0� 3)T!F��)p �)�+^?�  ��	 5,�#���'� .

 /���Q	 $E c�A O�)0ε  ;1ε(2  /���Q	�)p �g�� c�A ;)0 v ;1v (��# .    ��0	 5,�#���0'�
     Y�0�!4#  0�.+	 I#�#� ; /���0Q	 �0)q!� 5/"'���Q!R# 6�8&�� .# 3)T!F��)p �)�+^?�

��# ./� �F�. 9):� �)K)( �+V=� I#�� #� I��='�)� �^V� /	�+n �� ���    �0( ����0�
3)<�� �!<#�:  

)5(  ( )v ,  y B,  x    v ,  y,  x   ( )− + ε ≥ + ε1 01 0  

v  ;B I��='�)� ��)R ; 3)T!F��)p �)�+^?� r)	�	 ��  9):� �)K)( �+V=� I#��
                                                           

1. Semi-Non Parametric Distribution-Free 
2 .&C#�� �5O #��I >�;)� �+V=� ()K)� :�)9 .��F )�� #��"' �+V=� ()K)� #+7 (;  &0C#��  5�K0n  #�0�I  m&02 

�+V=� �� �1C �!��8 6&< ��#.  



	!"#" $��%
 �	 ��" &'���(
 )*�+, �
-�� 	��.!, ...  785 

 

�F�. &C# .0ε  ;1ε        JT!0F�  0�.+	 ; �K0n ,)gC�0)� �0� /���0Q	 I�07�)q!�  &0C# .  D;�0K	
�� �)�+^?� /� ���>	 J�t D�+n  �+<)Hanemann, 1984:(  

)6(  ( )v  v ,  y,  x  v ,  y B,  x( )∆ = − −0 1  

V∆  ; �)�+^?�  ��	 /���Q	�)p ��FR1ε -0ε ε=   �0�# $E /���0Q	 ��FR .  �08#
Fε   �.+	  ��	 #�ε  �#��� ;w  #�w=(y,x)  #� ��� �G#��� �� J���	 ;CV  53��)g� �1C ��

 I��='�)� �#&T� ��� �h'�# Y��!4# ,�#���'�B .# ��# D��V2 ����o� #� :  

)7(  ( ) ( )εp w,  B  F V pr(B CV)    = ∆ = <  

 ,)0�M	 �C�8#&A    @0C�8#&A \��0Q	 ; $�.Fε ;V∆     �� 6�V!0<# ; /8&0)})� r0A+�

&< &7#+G \��Q	 . �0� �)A+*  �.+	  ��	 &)'( ��� D�+0n( ) ( )exp
−

∆ ϑ =  + −ϑ  
1

1 
  u+0h>� �0")!C�� ; I�+>n U#&)(# ; �!�+)� �( &<�� �;�K�   �0�# ���0� .   #�  ��0	 �08#

�� D�+n( ) ( )h w,B
ε

F V
−=  ∆  ∩ 1  I#�� �� 53)'( ���>	B  ;W   �0<#� 3)7#+0G 

( ) ( ) ( )εp w,  B h  F V= = ∆∩ .       ��0	 5�0�+C�i m�0� �� �0( �0�# ,�# Y�T!C# ,�# ����

( )h w,B    �0�# �0)A+*  ��0	 /���Q	 \��Q	 I#�#� /*; ��#� m+^>��C  �.+	 .  5,�#���0'�
/� ��#� �b(#&4 �;� .# $#+	    ��0( 6��K!0�# ,)�M	 I#�� /���C)Creel and Loomis, 

1997 .(/���� z��?�  I�7 Gallant)1982(   ��0	 Jh< ,��!=� 5( )h w,B  .# 6��K!0�# 5
l�?>C# Jh< ���+�  ��	 ����1 ��# .l�?>C#  ��	 �� ���+� ����   Y�h0<# ���� �� /���# �+a
l�?>C#  �#+	 ��# D;�K!� ���� .�� I�+a /� �7�!�#��� �#&>	 �( &<�� �)q!� &C#+	 . J)�:	

��#  ��	 ,�# I��#�� .# �g�� /h� �)C 56&< ,))>	 H)� .# �;�� JR#&4 .    �0� �0A+	 �0�
 @?�#� D�+n �� �>*�?� ,�# �� 6��K!�# ��+� Y&� 56&<�(t r*�?�8 ��# .  

)8(  ( ) ( )α a a a a
a V a V a V

V β ln a u coss lna v sin  s lna∆ = + +∑ ∑ ∑
ε ε ε

   

 �#��� $E �� �(v      �0�# I��='0�)� �0�)R ; Dx)0Q:	 5,0� 5&�E�� I�7�)q!� J��< .
s��lna�  ����T� �� �( ��# Y�T!C#  ��	aϵV .# �!�( @^n�� �� #�  ��	 5π2 /� �#�R &7� .

                                                           

1. Fourier Function 
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��# I�;�� Y&� L;�'	 .# I�)8+^A I#�� ��( ,�# .  �0='	 �C Y&� ,)�M	 ~��!C 5,�#���'�
E�� I�7�)q!� ��iE/� $��C #� I��='�)� ��)R ; Dx)Q:	 5,� 5&�    90�#;� �0h^� 5&7�

 �#� &7#+G $��C �)C #� �7�)q!� ,)� /?G�)p)Gallant, 1982.(  

3 .2 .&*�*� *V-M) &"	#4. [M�% &V�+A  

 /8�+*E H7�( /��=C @'��7 /':'� 56�g'� O� I#��)MACC( &4#; O� H7�( @'��7 5
    /0QM�� \?0� �� #� /8�+0*E .# /��0�#    /0� $�0�C /8�+0*E .#   &07�)Vijay, 2010 .(

MACC k:� �� I&)^( I�#��#   /8�+0*E @')=� \?� ,))>	 ; �F�. 9):� ��Q!R# I�7
 ��#)McKitrick, 1999 .(  Jh0< �� /8�+*E H7�( /��=C @'��7 /':'�3   6�#� $�0�C

��# 6&< .    H7�0( &04#; �07 I#.# �� �'��7 I�+�2 �+:� ; /8�+*E ���!C# 5/T�# �+:�
E/� $��C #� /8�+* &'7� .��#� /*;�C ; /K'� r)< /':'� ,�#.  

  

 SH�3 . &"	#4. [M�% &V�+A )*V-M &*�*�)MACC(  

�� �;� 5/^( �+a          3)0FT	 /^0n# @!0�� �0� �0� /8�+0*E H7�0( @0'��7 ,)�M	 I�7
/� &C+< :1 .�;� ���1C �� /'!V� I�7   ��0G ��Q!R# I�75     �0'��7  ��0	 �0��)7� &0'C��76 

)Gollop and Roberts, 1985 (   �^0n��  ��0	 �0��)7� ;7 )Fare et al., 1993; Park and 

Lim, 2009( 52 .�;�  /"'0���Q!R# I�78 )Becker, 2005; Hartman et al., 1997( 53 .
�;� I��Q!R# I�7 - /�&'=�9 )Beaumont and Tinch, 2004; Vijay et al., 2010.(  

 �� 6#��7 /8�+*E 5�'��7  ��	 ���)7� �� �0� ������ ; I��C# 5��( I;�)C    6��0=C $#+0'2
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/� ��:* &)*+	 &'�#�� �� �+< .       ��0	 �� �0))q	 ,)0�M	 �0� /8�+0*E H7�( /��=C @'��7
/� ��;E�� /8�+*E \?� �� �))q	 I#.# �� �'��7 �+<.Fare   $#��h�7 ;)1993 (  �0��)7�

�� U#�)G# ; &C��( ��?� #� 6��!� @^n��  ��	 6��!F8 �+a �� I# (  �0�# 6&0< �!��8 �� . ��
���� ��)R ���)7� ,�# $��C /8�+*E &4#; O� H7�( �n�� @'��7 �� I#   @0'��7 %&'7�

��# /8�+*E H7�( /��=C . �+(�� ���)7� ;� ��)      ��0	 �0��)7� ; �0'��7  ��0	 ���)7�
6��!� @^n�� (     H7�0( z0��a .# /8�+0*E H7�0( ,!��8 �1C�� �� /8�+*E H7�( @'��7

� ��;E�� Y+Q:�/ �+< .I�;�'� ���)7� ;� ,�# ��   �0� /8�+0*E H7�( I�7    \��0n �+0a
/�C �14x� &C+< ./*�4 ��       I�;�0'� ,!��08 �01C �� �0� �0�# ,0h�� �(    H7�0( I�07

  ���0� �0�)R �� �VFC I�!�( /8�+*E H7�( /��=C @'��7 5/8�+*E     �0� 6&0< ��;E�0� I#
�+< ��;E�� ���)7� ;� ,�# .# 6��K!�# .  

MACC &� �� ,)'}�7Y /� ��;E�� /"'���Q!R# I�7 �+< .   D�02xa# &0'�.�)C �;� ,�#
6��!F8  �����0� y��M� &'C��7 6�g'� \?� �� I#  �0'��7 5I#      D#�0)="	 �0)�>	 ; r0QC I�07

��# /8�+*E Y�!'( .     Y&0� .# 6��K!0�# �0� /8�+0*E H7�0( @'��7 �;� ,�# ��    I��0�E I�07
/� 6�. ,)�M	 �+< . 5�;� ,�# �>� D�hC .# /h��;� ,)'}�7 ���1C �� /'!V� I�7    I�07

/�C �( ��# ,�# ��G ��Q!R# �#� �VFC /n�G I�;�'� �� #� /8�+*E H7�( @'��7 $#+	 .  
 ,)�M	 �;� ,��GEMACCY&� .# 6��K!�# 5 I��Q!R# I�7-   �0�# /0�&'=� .  ,0�#

Y&�   I�;�0'� D�02xa# 56�g'� /h)'h	 D�2xa# &'�.�)C �7    $E @0'��7 ; Y�0!'( I�07   5�07
   I�;�0'� I�#&0=gC ; �G�0� /h)'h	 J��( 3=� ,)'}�7     �0�# /8�+0*E Y�0!'( I�07 .

/^2 �;� �h'�# 3p�       ; �0��"	 I#�0� #� I&0)K� D�02xa# /"'0���Q!R# ; I��Q!R# I�7
J)^:	 /� 37#�� $#�#�g!��)� ; I�1C I�7      �0� D�02xa# ,0�# /0*; 5&0''(    I#�0� D�&0C

3)�Q	 ; $#��&� �� 5��# &)K� 6�g'� $�8&C�)8 /8|�; �h'�# J)*�  $E I�;�'� ; 6�g'� I�7
/�C �h>'� #� &''( .�;� I��Q!R# I�7-  D�)��A /�&'=�I�;�'�  I#�� #� �^!M� I�7
/8�+*E H7�( 6�g'� O� \?� �� /� $��C &'7� �� D�2xa# ;    �;� ,0�# .# 6&0�E ���

 ��# I�����( ; &)K� �)C 6�g'� $#��&� I#��)Vijay, 2010 .( ,�# �� 5#�* �;� .# �>*�?�
I��Q!R#- m�8 �;� .# ; /�&'=� ��     �0�# 6&0< 6��K!0�# ��. ��< �� m�8)Wickborn, 

1996; Beaumont and Tinch, 2004:(  
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1 .O)'h	 s+QG �� +"!FA /8�+*E Y�!'( I�7{  
2 .O)'h	 I#�� /8�+*E H7�( J)FC�!� ; J( @'��7 @V��:�    ,)0)>	 ; �0^!M� I�7

��8.�� m&2 ; r)(�	 $�h�#$E I �7{  
3 .6�#� $��( ��#&C�!�# �7{   
4 ./8�+*E H7�( /��=C @'��7 /':'� y#�M!�#.  

4 .3A#�A 3��*26!Q � �!�"  

 �� ,(�� �#��# 5�>*�?� ,�# ��za�'�    ��0���� �0�  �!"� l#�a# �0�    �0>��A $#+0'2
&C&< /���� �1^p �( .�8 2SO $E ��  za�'� ��#&C�!�# &4 .# H)� )3µg/m 365( �+� 

)$�!��=< .# /Ta�'�   $�A�)0� ; O����=0< 5$�"'F�� I�7 .( �01^p  .�08 2SO  ��  ,0�#
 D;�K!� za�'�      u�0�# �0� �0)C �#�0�# �0G#��� �� J���	 �")!C �� ; �01^p    ; .�08 ,0�#

��# D;�K!� 6&< J�:!� D#��FG. #�*5 �C+�C I#��  5I�)8�C+�C �;� .#   /���0Q	 I�)8
�TVa I#1  6��K!�#H< ;  �TVa8 �1C �� �0!��  &0< �0� 5  I�+0a   �0( �01^p  .�08 2SO  ��

 D�TVa1  �	6 r)	�	 �� 30 5205 5/12 55/6 55/2 ; 5/1 � ��#&C�!�# &4 ��#���+ .  
�� �TVa D�Kn .# /7�8E �+1'� >��A I�7@  ,)'}�7 �C+�C �#&>	 ,))>	 5�>*�?� ��+�

 �0>*�?� H)� D�TVa .# O� �7 �� 5���'���� /����� /���� ; �xn# I#2    ,�&0� ; m�0"C#
TVa .# O� �7 �� �+1'��  �725 &< J)�h	 ���'���� .H)� ~��!C    �0( �#� $�0�C �>*�?�

�7 U�V��T	@ �!FC#+	 +gM��� �#��# H��� �� &C# &'7� ���� �7. �))q	 /(&C# ��5  ��'0����@ 
 �)=	 /��=C&< ./����� $+�.E �+1'� ��3    B�0VC;�( I�0K*E ��V!2# r��� 5���'����85/0 

��� ���'���� I#� /� $��C �( &�E ��� � &7�Y#� �7 &C�#� /�[�� ��V!2# .  
 @>��A .#32512 I�#+C�G  ;�� D�2xa# u��# �� ���  �0>*�?� H)� .# 6&�E5   30"4

C+�C@  �� ��#�� J(2143     r0)	�	 �0� �0)C �TVa �7 �� �C+�C 3"4 ; �#+C�G41 552 573 5
115 5708  ;1154 00� �007 �� ; ,)00)>	 �#+C�00G 6��00� /���00Q	 �;� �00� D�00TVa .# O
�C+�C &< I�)8 . $+8�0C+8 J�[� �� 6�8 �( ��# 6�#� $��C ���"	# 5    �0� /0��!�� $�0h�

                                                           

1. Stratified Sampling 
2. Pilot study 
3. Reliability 
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 �C+�C ����+A; ��#&C .I�#&�;� ,)'� I#�� &��� zT:�5 H)�  �0� #� m.[ /')�  ��;E J0�2 .
,�# �)p ��   Jh0�� ���� #� 3)�>	 ��( ; ���� &7#+G H7�( �C+�C 3"4 5D�+n  &07#+G

��( )���4  5�)C1389 .(#�*5  ,�# �� �>*�?�5 &< 6�;��# �C+�C 3"4 �� &n��.   
      �� �#�0�# �0� ;� �� ;� @V4�0Q� �0� ; ���'0���� J)�h	 z��a .# m.[ D�2xa# ; ���E

 Y��1391  �A &< I�;E .���'���� J)�h	     6�0� ~'0� �;&04 �7)    5�#��0� 5�0)	 5�#��0G
�=� ; �+��=< (�� &)��"C# Y+a .&< /4#�a HM� ��=� �� �+(�� @��'���� .  H0M� ��

Y#�� 5Y;# /8|�; �� N+��� I�7    H0M� �� ; +gM0��� I��Q!R# ; /2��!A# 5/QM< I�7
Y#�� m;�  .�8 &4 .# H)� ���!C# �� +gM��� ��gC �� N+��� I�72SO    �0�  0�!"� .#

&< ��?� ������ .   .�08 ��0�!C# ��+� �� /	�2xa# �+<;�� 5m+� HM� ��2SO   ,0�# .#
���8�#�R +gM��� ��)!G# �� $E ��iE ;  �!"� . Y#�0� 5m��=� HM� ��     �0� N+0��� I�07

&< ��?� �#��# �G#��� �� J���	 .��     .# �0^!M� I��0�E D�0)^�2 ; �7��;E�� m�"C# �+1'�
m�C  I�7�#��#GAUSS 9 5SPSS  ;EXCEL ��# 6&< 6��K!�#.  

5. bV��A S�<��  

�� �� J���	 �V��:� �+1'�    .�08 ��0�!C# H7�( I#�� �#��# �G#���2SO    �0�  0�!"� .#
 �;� .# 6��K!�# �� ������CV �#&>	 52203   �.+	 I&>� 3)C ; O� �C�8;� ���'����

&< J)�h	 ; .2158 ���'���� @)T� ; &< J)^:	 ; ���"	 ���'����   �0� �07    m&02 J0)*�
Y#�� ��� L#+A jTC �� �7 &C&< �!<#�8 ��'( �7 ./^2 F� 3p� �0� Dxh�� ; J��   �+0A;

        �0='	 5�0^!M� za�0'� �� .�08 ,0�# &04 .# H)0� ���!C# .# /<�C ; 6&�E2/1   .# &0n��
&'!<#�  �!"� ,�# $&< J)?>	 �� J���	 $��+gM��� .$E /^n# J)*�     J0)?>	 I#�0� �07

Y�q!<# 5 �!"� ,�# $&�C &< $�)� /�#. .3/87    �0G#��� �0� ���4 $��+gM��� .# &n��
�( I#�� /q^V� .�8 ���!C# H72SO    ; &0C�+�  0�!"� ,�# .#7/12    $��+gM0��� .# &0n��

  &0'!����oC #� I��='0�)� �^V� .6/68         �0^V� �0G#��� �0� �0��4 �0( I�#�0�# .# &0n��
$. &C�+VC I��='�)�   ;4/31 &C�+� ��� &n��.  

�� D�2xa# .# 6��K!�# �� ��� ���'���� .# 6&�E   Y&0� 5�7SNPDF   �0TVa I#�0�   I�07
 �^!M�&< ��;E�� . �0� ~��!C u��#��  �0��       /��0�	 �� I��='0�)� �0�)R �0)q!� 56&0�E
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Y&� $��C ; �+� �#��'>� ; /K'� I��1!C# ��x2 I#�#� �7    H�#�0�# �0� �( ��# ,�# %&'7�
)H7�( ( H7�( ��)R ����� Y��!4# 5I��='�)� ��)R)H�#��# (/�  &0��� .  5,)0'}�7

b� �i# 5Dx)Q:	 �)q!� �( �#� $��C ~��!C      �0�)R ����0� Y�0�!4# �0� I�#��0'>� ; �V
$��C ; ��#� I��='�)�  �)C m��� /7�8E \?� 5�#+� \?� H�#��# �� �( ��# ,�# %&'7�

/� [�� /� 6�8E #+7 /8�+*E I�7�?G .# ; �;�     I#�0� I�!0�)� �0G#��� �� J���	 ; &C+<
&C�#� $E .# I�)8+^A .�� ~��!C u��# �� ���  �Vb� �i# ,� �)q!� 56&�E �0'>� ;   �0� I�#�

  .�08 ���!C# H7�( I#�� I��='�)� ��)R ����� Y��!4#2SO    �0<#�  0�!"� ,0�# .# .
     #+07 /8�+0*E Jh0�� �0� #��. 5&C�#� I�!�)� �G#��� �� J���	 ,F� �#��# 5��1!C# z��?�

�A#+� �!�)� �� 5&C# $��. &7�< �h'�# s+QG 6�+� /��7      �0�# 6�+0VC 6�+0*E #+07 �0( &C# .
� �)q!� r�#��Y&� /���	 �� �)C &�E�   /0� $�0�C ; �+� �#��'>� ; �Vb� �7     �0� �0( &07�

/� H�#��# #+7 �)K)( �+V=� I#�� �#��# �G#��� �� J���	 $#�)� 5&�E�� H�#��# &���.  
�� ~��!C zVa      H7�0( �0=A �#+C�0G �07 I#�� �G#��� �� J���	 9�+!� 56&�E ���

 .�8 ���!C#2SO   �0TVa ��  0�!"� ,�# .#   I�071 52 53 54 55  ;6    r0)	�	 �0�551270 5
372690 5257910 5205170 5134370  ;105800  �� J���	 9�+!� ; Y�� �� Y���

 .�8 ,�# ���!C# H7�( I#�� za�'� /���	 �� �#+C�G �7 �G#���271202   Y�0� �� Y���
&< ��;E�� .      .�08 ��0�!C# H7�0( �0=A �07�#+C�G J( �G#��� �� J���	 $#�)� 5,)'}�7

2SO  .#  �!"� ,�#8817319424 $��C ; &< ��;E�� Y�� �� Y���   �0( ��# ,�# %&'7�
 .�8 ���!C# H7�( .# /<�C #+7 �)K)( �+V=�2SO       Y��0>� /0<.�# .# �0T?'� �#�0�# I#�0�

8817319424 ��# �#��+G�� Y�� �� Y��� .  
�� ~��!C .# 6��K!�# �� Y&� .# 6&�E ���  I�7SNPDF  .�8 ���!C# $#�)� ;2SO  �7 ��

 .�8 ���!C# H7�( �=A �G#��� �� /��=C J���	 5�T?'�2SO )    .# /0<�C /��0=C D��0FG
 .�8 ���!C#2SO (&< ��;E�� . Jh<4        H7�0( �0=A �0G#��� �0� /��0=C J0���	 /':'�
 .�8 ���!C#2SO /� $��C #�  �!"� ,�# .# &7� .  �V0FC ��1!C# ; ���1C z��?� /':'� ,�#

 ; ��# L&:� D�Q!M� �&V� �� �0� 5��#� /��#��# ; �Vb� r)<  I�+0a     H�#�0�# �0� �0(
 .�8 ���!C# $#�)�2SO     .# �!0�)� ��0� �07 /8�+*E H7�( �=A �G#��� �� J���	 $#�)� 5
/� H�#��# JVR &��� .  
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 SH�4 . ��" ��2�A
 [M�% F+( F=
	!Q 3, &V�+A SV��� &*�*�2SO ) �
 &��A &V�+A ����=

 ��" ��2�A
2SO (  

��   �;� #&0!�# 5/8�+0*E H7�( /��=C @'��7 /':'� ��;E�� �+1'�    Y�0!'( I�072SO 

&< /���� . ��C Y�!'( /^n# �;� ;�2SO D��V2 #.# &C :1 . JVR �G+� .# ��8+8 l�4
 �� ; $&< 6&C#.+� .#2 . ����.��2SO  /A;�G I�7.�8 .#)  O0)C ; /0�)4�   5�)0�1389 .(

 .# I�)��C �#&T� �h'�# J)*� ��2SO H(�;� .# 6&<��!'�      0�!"� L;t �0C�G��( I�07
 ��# �G+� .# /<�C ������ ��)41/1 .(% �;� 5�0>*�?� ,�# �� 5#�*    �0���.�� I�07

2SO ��# 6&< /���� /A;�G I�7.�8 .# .�� /���� �� �A+	     9�#�0< ; 6&0< m�0"C# I�7
 ����.�� �;� ~'� 5������ ��  �!"� �� 3(�42SO  .# �( /A;�G I�7.�8 .#  ��0:*

u�!�� �� �)C I��"	 &C# &C&< L�M!C# J�t ��< ��:  
1 . 5I��VA# H��F(# �;�2 . 5#�+� /�3 .   5O07E /0�<�� $��( O�G4 .  @0C�G��(

 5O��+K*+� &)�#5 .��)C+�E ��#�h�#.  
�;�  Y�!'( I�72SO m�C ��  I�7A  �	E  Y;&A ��1  6&0< 6�#� $��C  &0C# .  Y;&0A1 5

 l�4 /�#��(2SO ����� @'��7 5� I�#�81 6�=� @'��7 ;  I�#&0=gC ; I�#���2    �07 I#�0� #�
�;� .# O�  Y�!'( I�72SO /� $��C  &07� . /0^>� �.�# �;� .#3  �0�    ��#&C�!0�# �+01'�
6�#� $��( �'��7 /^>� �.�# j*�G @V��:� ; �7 &< 6��K!�# �7 . J��'	 B�C20 %  �0�2 ;

,)<�� &)K�  �)C D#�)="	 ; D[E15 &< �!��8 �1C �� Y��.   

                                                           

1. Capital Cost 
2. Operation and Maintenance Cost 
3. Present Value Method 
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 Jh<5 Y�!'( I#�� #� /8�+*E H7�( /��=C @'��7 /':'� 52SO     0�!"� .# 6&0<��!'�
/� $��C ������ �� $��C �( &7�     .# /��0�# ,0	 O0� H7�( @'��7 %&'7�2SO   �07 ��

 .# /QM�� \?�2SO ��# .  /0K'� $E r)< ; L&:� 5D�Q!M� �&V� �� �VFC /':'� ,�#
/� $��C ; ��# /*;�C ;   �!�)� ���!C# �� �( &'7�2SO   H7�0( @'��7 .# I�!�( �#&T� ��� �7

/� H7�( 5/8�+*E &��� .�� ��  ���!C# H7�( �� �g�� D��V22SO      �07 /8�+0*E H7�0( @0'��7 5
/� H�#��# I�!�)� �#&T� ��� &��� .$��7  Jh< �� �( �+a5 /� 6&7���     /��0=C @0'��7 5�+0<

 .# /8�+*E H7�(94/44  �	95/35699 ��# �)q!� ,	 �7 I#.# �� Y��� �#�7.  

 W�$(1 .:	
	 Z�� �
!, cdB &V
��% � 3*V-M ��M W!�*% e<�`� ��M 2SO 3�25!6 7� 8��9� �	  

Z��  
 cdB &V
��%

)$?�	(  

3V��!6 )*V-M ��
d"  

)W�V� �#�<��(  

:!+, )*V-M  ��
$+GA � ��
	!,

)W�V� �#�<��(  

A 98  674245  1504180  
B 95  490360  1267930  
C 50  392288  74/57832  
D 95  269698  30/39359  
E  97  60/38080  76/69351  

6�#� �Gw� �7 :������ ��  �!"�  

  

 SH�5 . [M�% &V�+A )*V-M &*�*�2SO 3�25!6 7� 8��9� �
 :$�!2�*�  
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$��7      /��0A I&0)*+	 6�0g'� O0� I#�� /8�+*E /2��!A# @')=� $#�)� 53)!K8 �( �+a
&<�� /8�+*E ���!C# .# /<�C /��=C D��FG �� ��#�� /8�+*E H7�( /��=C @'��7 �( ��# .

 /8�+*E ���!C# .# /<�C /��=C D��FG ; /8�+*E H7�( /��=C @'��7 /':'� ;� 5,�#���'�
)  /8�+0*E H7�0( /��=C �>K'� ( ;E�0�   I#�0� 6&0< ��2SO     �0�  0�!"� .# 6&0<��!'�

  &C&0< 6�#� /0Rx	 �g�&h� �� ������ .  Jh0<6  /0':'� /0Rx	 5    I�07MAB (MD)  ;
MAC /� $��C #� 6&< ��;E�� &7� . 5�#&2# @'�#� $�+� 6��!F8 J)*� �� ��# �(t $���<

��# 6&< 6�#� $��C ���"CE ��  a�T	 @?TC �( /':'� ;� .# /!�FR 9T� .  

  

 SH�6 .&*�*� &�f�  ��MMAC  �MAB (MD) 

      U�0V��T	 .�08 ,0�# ��0�!C# I#�0� /2��!A# @')=� \?� 5�+(�� /':'� ;� .# 6��K!�# ��
6/265290 &00< ��;E�00� Y�00� �� ,00	 ./*�004 ��  5.�008 ,00�# ��00�!C# /C+00'( $#�00)� �00(
5/288313 ��# Y�� �� ,	 .  ,0�# @C[�0� ���!C# $#�)� &��� ������ ��  �!"� 5#�* 

 �;&4 #� .�88   &0��� $E /2�0�!A# @')=� �� .�8 ,�# ���!C# $#�)� �	 &7� H7�( &n�� .
 �)C D�)*�� @')=� B�C2/12815  ���!C# ,	 �7 I#.# �� Y���2SO &< ��;E�� .   �0G# �0� 5#�*

695/3 /� ������ ��  �!"� .# �C[�� D�)*�� Y��� ���)^)�    ,0�# ��0�!C# $#�)� $#+	
 @')=� �� #� .�8 �='	 �( &C��� $E /2��!A#01/0  ,�# I&	�( �� �;�� &�E�� .# &n��

/� J��< #�  �!"� �+< ./� ��#�# ��. I�7��='�)� 5z)T:	 ~��!C �� �A+	 �� �+< :  
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1 .  .�08 ���!C# ,	 �7 I#.# �� D�)*�� @')=� B�C2SO  52/12815    &0< ��;E�0� Y�0�� .
 ��;E�� D�)*�� @')=� B�C .# 6��K!�# �� �*;�/� 6&<    ,0�# .# D�0)*�� ,!��8 �� m#&R# &C#+	

�'��7  �!"� ,�# �	 &���C  �!"� �� #� /2��!A# I�7 �'��7 I�A   �.#��0o� /n+QG I�7
&C���� $E /2��!A# @')=� �� #� .�8 ,�# ���!C# \?� ; .  

2 .6#� .# �g�� /h�  �0�# /8�+*E ���!C# .�"� �#&T� ,))>	 5/8�+*E Y�!'( I�7 .  #�0*
/� �*;�    /0'>� .�08 ,�# ���!C# I#�� 6&< ��;E�� /2��!A# @')=� �#&T� &C#+	6/265290 

 .�8 ���!C# .�"� �#&T� #� Y�� �� ,	2SO &'( mx2#  �!"� ,�# .# .  �;� O0� �;� ,�#
&'( D��1C $E �� &��� �*;� �( ��# I�+!�� Y�!'(.  

3 .�;� .# I�g�� �)a     	 .# 6��K!0�# m;�0* J��0< I�+!0�� Y�!'( I�7  ; D#�0)="
�;� ��# /8�+*E Y�!'( s�G I�7 .     I�0�g7#� /8�+0*E Y�0!'( /��0=C @'��7 /':'�

�+� &7#+G �')�. ,�# �� /�+G ./� �*;� 5Y�b� I#��    ��!0F8 5�07�!^)� .# 6��K!�# &C#+	
 �;� ���0� ; O7E /�<�� $��( O�G 5O��+K*+� &)�# @C�G��(    Y�0!'( I�072SO  #�

&'( /�#�*#  �!"� ,�# I#��.  
  

8,�*�  

1. 5L���# 4���&)� )1387 .(��Q!R# :�)9 .��F ;  ��'� Va)>/ .5$#�=	 ��C C/.  
2. 2���#)^/5 23��h*#&V ; ,F:� 5�+� �L�� )1389 .(>	)), R)�� ���� #I [E�6&'  �07I 

#+7 �� C)6�8;��7I �+�( .���'^Q� H7;|� �7I ��Q!R#I5 45 86-69.  
3. �#)5�#|C� 4&)� )1384 .(>	)), �.�# J( ��Q!R#I �+(#) 3!0F  J0g'A  �07I  Y��0< 

#�$#� �� (w	)& �� �.�# �#�8I .� �0F :�) 0?/-  �+0*+(#�h/ ; �.�#  �07I  !��0K4/ .
���$� ��C@ �!(�I ��Q!R# .�;��(I5 6&h�C#� .�;��(I5 6�g�C#� ��	)� u�&�.  

4. 5/!"=� 	&)4+5 5I+�	�� #3��T*#+� ; 5/=*#&V2 � O0�� )1389 .( ��;E�0� �.�#  I#+07 
��� ; ,))>	 J�#+2  �i�0�  �0�  J0���	  �0�  �0G#���  $�'(�0�  �=0<  $#�0=	 . ���'^0Q� 

H7;|� I�7 5I��Q!R# 105 40-19.  
5. ���4 C)5� �&�: .��� )1389 .(��&T� #I �� �;� T:	 0)z ��  m+0^2  C�0FC#/ )&"	 0�& 

�1C ���#/ �� D����# .(5$#�=	 ��C ���.  



	!"#" $��%
 �	 ��" &'���(
 )*�+, �
-�� 	��.!, ...  795 

 

6. �+G 5�xG# �$��4 ; ,F4  5/7�0< � /0�	� )1381 .( ,)0�M	  D#��0FG 6��#;  �0� 
$�'(�� .#�)< �� J)*� /8�+*E  #+07 ) Y�0� 1381 .( �0^"�  D�0T)T:	  5I��0Q!R# 615 

57-53.  
7. 4�)�/5 #�)� ; C)O �)5� E;.� )1389 .( Y�0!'(  8�+0*E/  #+07  �0� ;�� ��0h  04#�a/ .

5$�=Kn# D#���!C# 6�g�C#� $�=Kn#.  
8. 2�"</5 ���+Q> )1389 .(��#�# �O Y&� *�� 0)	�/  �V0�  �0�  �+01'�  Y�0�2#  &0����� 

����#& :�)9 .��F �� # 0�$#� ) �0>*�?�  ��+0�I  �>'0n  �0p�( .(�� 0�$�  0��C@  �0!(�I 
&����� :�)9 .�5�F 6&h�C#� :�)9 .��F ;  ��0C#I5  6�g0�C#� �#.E  $#�0=	  &04#; 

m+^2 ; T:	)D�T.  
9. �(�< ^�/ �'n�  �� #�$#� )1390 .(��#�8 �O T�+�)� .��C@� 5�� 305 3.  

10. K<)  56�#. <3'V )1386 .($�h�# "'�/ '�/ ;  ��0Q!R#I  l�04 ٣SO/٢SO  .#  &04#; 
�#)�+K*+�&�O �� �>'n <;�!�)�/ ; &V	�J $E  �0�  D�K*+0� C+�E 0)m+ .�� 0�$�  0��C@ 

��'<��(/ &<�# :�)9 .�5�F 6&h�C#� :�)9 .��F ; ��C#I5  6�g0�C#� �#.E  $#�0=	 
&4#; m+^2 ; T:	)D�T.  

11. 5/')F4�)� &�:� &)� )1386 .(/�)<+��;�&)7 ; J)FC�!� $#��� I�07  I&)0�# �� 
��:	 /G�� .# �n�'2 �� ��G I�7 za�'� �;�"�  �!"� �� ������ .$����  0��C@ 

/��'<��( &<�# ,)�. 5/��'< 6&h�C#� 5m+^2 6�g�C#� &)=< �'7�� $���(.  
12. Ayres, R.U., & Kneese, A.V. (1969). Production, Consumption & 

Externalities. American. 
13. Beaumont, N.J., &Tinch, R. (2004). Abatement Cost Curves: A Viable 

Management Tool for Enabling the Achievement of Win–Win Waste 
Reduction Strategies?. Journal of Environmental Management, 71, 207–
215. 

14. Becker, R.A. (2005). Air Pollution Abatement Costs under the Clean Air 
Act: Evidence from the PACE Survey. Journal of Environmental 
Economics and Management, 50, 144–169. 

15. Boyle, K. J., Johnson, F. R., McCollum, D. W., Desvousges, W. H., & 
Hudson, S. (1996). Valuing public goods: discrete versus continuous 
contingent–valuation responses. Land Economics, 72, 381–396. 



796   �	�
��
 ������� /���	  49����� � 4 ������� 1393 

 

16. Clinch, J. P., & Convery, F. (1999). Economic and Financial Evaluation: 
Measurement. Meaning and Management of Public Administration, 
Dublin.  

17. Cooper, J. C., Hanemann, M., & Signorello, G. (2002). One-and-One-
Half-Bound Dichotomous- Choice Contingent Valuation. The Review of 
Economics and Statistics, 84 (4), 742-750. 

18. Creel, M., & Loomis, J. (1997). Semi-nonparametric Distribution-Free 
Dichotomous Choice Contingent Valuation. Journal of Environmental 
Economics and Management, 32 (3), 341-358. 

19. Desaigues, B., Ami, D., & Bartczak, A. (2011). Economic valuation of 
air pollution mortality: A 9-country contingent valuation survey of value 
of a life year (VOLY). Journal of Ecological Indicators, 11, 902-910. 

20. Fare, R., Grosskopf, S., Lovell, C. A. K., & Yaisawarng, S. (1993). 
Derivation of Shadow Prices for Undesirable Outputs: A Distance 
Function Approach. Review of Economics and Statistics, 75, 374–380. 

21. Gallant, A. R. (1982). Unbiased determination of production 
technologies. Journal of Econometrics, 20, 285-323. 

22. Gollop, F.M., & Roberts, M. J. (1985). Cost-Minimizing Regulation of 
Sulfur Emissions: Regional Gains in Electric Power. Review of 
Economics and Statistics, 67, 81–90. 

23. Hanemann, W. Michael. (1984). Welfare Evaluations in Contingent 
Valuation Experiments with Discrete Response Data.  American Journal 
of Agricultural Economics, 66(3), 332-341. 

24. Hartman, R.S., Wheelar, D., & Singh, M. (1997). The Cost of Air 
Pollution Abatement. Applied Economics, 29, 759–774. 

25. Hussen, A. (2004). Principles of Environmental Economics. Routeledge: 
London. 

26. Karvosenoja, N., & Johansson, M. (2003). Cost Curve Analysis for SO2 
and NOx Emission Control in Finland. Environmental Science and 
Policy, 6, 329–340. 

27. Kolstad, C. (2000). Environmental Economics. UK: Axford University 
Press. 

28. McKitrick, R. (1999). A Derivation of the Marginal Abatement Cost 
Curve. Journal of Environmental Economics and Management, 37, 306–
314.  

29. Mekaroonreung, M., & Johnson, A. L. (2012). Estimating the Shadow 
Prices of SO2 and NOx for U.S. Coal Power Plants: A convex 
nonparametric least squares approach. Journal Energy Economics, 34(3), 
723-732. 



	!"#" $��%
 �	 ��" &'���(
 )*�+, �
-�� 	��.!, ...  797 

 

30. Mitchell, R., & Carson, R. (1989). Using Surveys to Value Public Goods: 
The Contingent Valuation Method, Washington DC, Johns Hopkins 
University Press for Resources for the Future. 

31. Park, H., & Lim, J. (2009). Valuation of Marginal CO2 Abatement 
Options for Electric Power Plants in Korea. Energy Policy, 37, 1834-
1841. 

32. Rečka, L. (2011). Shadow Price of Air Pollution Emissions in Czech 
Energy Sector – Estimation from Distance Function. Msc Thesis. Faculty 
of Social Sciences. Charles University. Prague.  

33. Vijay, S., DeCarolis, J. F., & Srivastava, R. K. (2010). A Bottom-up 
Method to Bevelop Pollution Abatement Cost Curves for Coal-Fired 
Utility Boilers. Energy Policy, 38, 2255-2261. 

34. Wang, H., & Mullahy, J. (2006). Willingness to pay for reducing fatal 
risk by improving air quality: A contingent valuation study in Chongqing, 
China. Journal of Science of the Total Environment, 367, 50-57. 

35. Wickborn, G. (1996). Avoidance Cost Curves for NOx. London Group 
Meetingon Environmental Accounting. Stockholm, May 28–31. 

 


