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)12(  �EIC/102 = 3JIC/102 + IIC/102 + ,IC/102 3JIC/102 ���>/ 
�$8��� 	�/IIC/102 ���>/�����+ 	�/ ) 	4��$8 ����+ 	4��<,IC/102 ���>/ �$ |"$�� 	�/

���>/ .�+� ��n%� 	����'0��8 
6��( '4��� ;��1 ,� "� 78 ��� 	�/j
# ^���2 
��2 
6��( 	(�+ ) &�98 
(�/ 	�/

���>/ .�+� 	4��$8 ) ;U� ) ;%f 
�1�0�$ 
	4�%�$ ^���2���>/ �$ '4�1� 	4��$8 ����+ �����+ 	�/ 
,��* 	�/

����+ 	4�,��� ) O-�'�M� 	4��$8 	�/���>/ .04�0 	��� ��n%� �$ |�5�4� 40 ��n%� 	���� 	�/���>/ .,1�$ 	�/

0 �$8����� �4 �$8��� ���>/ E$�� 6���$��$ .�9�� ,/�"* =��>9� &:"-X� ,� "� =��>9� 	�(� �$ 6��( (� ,f�) �/ 4-

:0�2 ���$ ,� "� 40 ',1 �9�_� 6��( ����� ���>/ 40 �3�4,� =��>9� &4"-$ ��"� 

)13(  3JIC/102 = I0C/ + I1C/ × ℎ����-C/102 
) �8 40 �2I0C/�>/ (��) ) ,� "� ��� 6��( ,f�) 6� )� 78 ��� �$�I 	�/I1C/���� ( �9�_� 6��( ������I� ',�/0

 .�+� ���>/ E$�� @+"�� 40 

����+ O-� ���>/ 6������'�M� 	4��$8 	�/) 	�IICK0 O-� ��:�+ @+"�� ���>/ �2 � �f 40 �+� ,�)4 ��%/ 
(

'�M� 	4��$8 ����+ !���>/ �$ ����$ 	�) ,��* �II�) '��$ ��� 
(r) �%# ^"H 
(SL ��*�0�� ���4�� ��>�� ) (

� )0 @+"�1  ',1 ��9�< �L� 40 '��$ ��� .�+�10 '�M� 	4��$8 �%# ^"H 
,]40 	�10  >�� � )0 ) ^�+50  ,]40

���>/�� �*�0�� �4 ����+ 6�� 	��<4�.$ 	�/.,��%�  

)14(  IICK0 = L II� × -1 − M 1(1 + -)NOPQ × (1 − ���8�%R0) 
  

'�M� 	4��$8���>/ =��>9� �$ 	� ',1 �4�1 78 �9�K� ) ��n%� 	���� ���>/ 
O-� 	��$ �����+ ���>/ .�+� @5��� �/

�� �%� OK.���� &4"-$ �2���>/ ��n%� Q%# =��>9� .0"1�� :�$ �4 78 OK.���� !� ��n%� 	���� 	�/ �$ .0�$

                                                      
1 Subsidy 
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�K� 
��n%� �$�I ���,��4 q�9) � 015) ���( �/ ) 4��./ �/ 40 ��n%� ���>/ (,IC/102 	4��$8 �X� &:"-X� 	��$ (

�� ���� �4) ��n%� ����� ���>/ 7�_ (� 
��n%� ���>/ 40 ��
�� &������ q�9 ��I�� .,/0S�C/102 Q%# ����� 40 (

) ��n%�,. %���ℎ102�� �+,$ (.,�8 

)15( ,IC/102 = S�C/102 × ,. %���ℎ102 
  

!�"����C =�F��  

) ^"-X� 0�.
%# �$ �+� �$��$ 4��./ �/ 40 Y �*,�840A��B%C/102) ^"-X� �%�� 40 7�_ ((,C102  	����

���>/) ,� "� @+"�� 	�/�EIC/102���>/ ) () ',1 '0�W�+� 78 	�/JICK102 E��) 40 .( Y �* ,�840 u"%3�

)E3UC/102 ,� "� .�+� ^"-X� ��2 ��( xM+ ;2 40 7�_ 4��./ �/ 40 Y �* ,�840 �$ �$��$ ^"-X� �/ 	��$ (

�%�� ,��$ 	(4)��2 ��� &:"-X� ����$�� (4)��2 ,�840 )4 6�� (� ) ,/0 =/�2 4�(�$ 	�/ ���( ,$�� =/�2 ,��"�

6���� =�2 	�4�0 	(4)��2 &:"-X�  @5��� �_�U� ) �_�# 4�(�$ 	�/)��� �$ &:"-X� �%�� 40 ����� .,���/

.�+� ',1 ;f ^,� @+"� �2 ',1 ��9�< �L� 40 6�K��� &4"-$ &:"-X� �%�� j
�R� q)�9 	��$ .�+�  

)16(  E3UC/102 = (,C102 × A��B%C/102 − �EIC/102) × ℎ����-�C/102 −JICK102 
  

) �
K9 F(4�,E3,10) ;�>�� ��� 40 (r:(� �+� &4�5# Y �* E9��� ;2 (� ( 

)17(  ,E3,10 =<<<E3UC/102(1 + -)22/C  

 

�+�7H �
G�� � �=GGC i�I� ��"��  

�+��+ (� �1�� O��"# (� �%�� =R$ ',��2 g�-� 0�(�� 'P�"$ .�+� 	0�-��� '�94 �$ ����� 	�/ 6�� �2 �����/

�+��+g�-� 0�(�� E��) 40 .,�4�0 ����� 0�"� �%�� �$ ��U��� ��I�� �/�� ',��2 ���( �� 0"+ 04)8�$ 	��$ ,��"�

��4�.%/ ) ����9) 0"1 '0�W�+� ��* ����( '4)0 !� 40 �%�� ����� (� �1�� �9�-� 	���>� 	)4 �$ 	0�-���1 


2013�� �4 ',��2 g�-� 0�(�� .(40 ��"�  >�� 78 ,���� �K�5H E$��� �0"$ e��+0 40 �$ @5��� &V.�� �+4�$

g�P�$) 0"%� '0�W�+�2 
2010'(�,�� .(g�-� '�94 &������ 	��<�+��+ �$ |"$�� ',��2 q�9 �� ) 	4��$8 	�/

4�,���+� �M$�4 ^"-X� �/ 	��$ .04�0 ,� "� xM+ ) ^"-X� ��%�� =�2 04"� 40 &�#VH� �$ (��� � ��.�* 6�$ 0

  .�+� (��� ',��2 g�-� 0�(�� �5+�X� 	��$ �_�U� ��%�� =�2 ) �_�U� ��X���� �_�U� e".K� E$�� 6�� ,��"�

:00�< ���$ ��"<  

                                                      
1 Ferreira et al 
2 Banzhaf 
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)18(  ,C102 = V0C + V1C ×<E,C/102/  

  

) � 0�K� Q��H (� ',��2 g�-� 0�(��19�� �5+�X� ( 40 =/�2 �$ �K��) �%�� .00�< 	4��$8 	��$ 78 �0"$ e��+0

�� �4 ��
�� ����� ) 	��������� &��_�9 �X� �2.�9�� ,/�"* =��>9� ,/0 

)19(  I�10 =<<0.5 × �(V0C − ,C102) × ∑ E,C/102/ �(1 + -)22C  

����a
)�- 3��  

'0�0 (� ��)�W�� �#"%3� ,��(��� Q�UX� 6�� �+4�$ ) @�$�� &�#VH� ) �/ (� ,1�$ ��� 6�� �2 .�+� j
�R� E$���

�\4�n.� ) ���� 
E$��� 6�9�� ��� 	0��( ���( g�] ,��(���'0�0 	(�+'0�0 7"\4�\ .�+� '0"$ �/�� �%�
�� 	�/ -

e��U� 40 ) ��:�+ �� ) ���/�� 
���W/ 
���()4 &4"-$ ,��"� �L� 40 4"�2 �� ) ���+� 
��1 ,���� ���.� j
�R� 	�/

6�� 40 .0"1 ��9�< '0�0 �K �M� ^�+ (� ��:�+ &4"-$ �/1379  ��1394 '0�0 .,�0�< �+4�$ 	4"�2 '0���< 40 ) -

���>/ 
^"-X� 0�.
%# 
^"-X� �9�-� 78 ;��1 	(4)��2 =R$ �$ |"$�� 	�/ 
�1)�9 ',%# �%�� 
,� "� 	�/

'0�0 ���+ ) 78 ^�-X�+� ���>/�� ^"-X� �$8 (��� ,���� �#�4( 	�/�� 40 �2 .,1�$'0�0 (� Q�UX� 6 	4��8 	�/

O�+ ) w��$ 
b,�< &:"-X���� ��"�# �$ ����( 6�� �2 ,�0�< '0�W�+� ����� ����� 6���� 40 �I"� 	�/:�2 6���

'0�0'0�0 .,�0�< �*� 	(4)��2 0��� &4�() (� �/ 6������ :(� ,��4�5# >�� Q�UX� 6�� 40 '0�W�+� 04"� �%�
�� 	�/

2�,f @+"�� 
�<,�4�$ 6�� �2 .0�$ F() �#�+ ) �$"H4 ,]40 
�$��98 &�#�+ 0�,K� 
��0 ;��,f @+"�� 
��0 �r

.,�0�< �9��40 4"�2 �+��1�"/ ) 78 ���(�+ (� >�� &�#VH�  

  

j�  � [+��5 

^,� 04)8�$ (� �� '�94 0�(�� ) �%�� 
,�840 =R$ �+ !�.W� �$ Q�UX� w���� ��9�< &4"] &�5+�X� ) Q�UX� 	�/

��2 g�-��� �v�4� ',.00�<  
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Y(�Z =�F�� �� c��C  

 �H ���<4��\ &��_�9 �X� ,�840 40 =/�2 ;�c ^),� 4016 .�+� ',�8 ^�+  

 T�=P1(!��B- !B
�
�) !�"����C DC =�F�� �� c��C :  

  

T�U  

!�"����C DC =�F�� c��C  

R�*1 

(T���5 �
�A�)  

R�*2  

(�
�A� 3�+78�

@-)  

R�*3  

(�
�A� �

@- )  

R�*4  

(!���B- ��BI   �
�A� 3�+78�

@- � �
�A� �

@-)  

1379  2/14864  63979  2/95269  144197  

1380  28/15  4/24977  7/87075  7/139707  

1381  7/6979  8/37944  7/49631  3/66692  

1382  02/1922  67/11726  3/72323  9/150180  

1383  4/2243  1/13862  7/104938  3/182561  

1384  06/301  4/1903  5/61630  7/188000  

1385  7/12295  9/234589  3/187711  1/324485  

1386  12/271  63/4743  6/139083  1/87327  

1387  4/637  35/3953  9/63140  7/155757  

1388  151824  7/161940  74/315  137351  

1389  35/25  7/44606  6/295443  1/461315  

1390  46/52  46398  6/268501  1/402446  

1391  5/511453  633456  9/752321  987809  

1392  5/257  323442  3/144043  148043  

1393  26/196  264878  6/105018  167555  

1394  7/331  2/163469  6/100912  5/614535  

L
45�
�  4/43979  9/127241  1/157960  1/272367  

             ��9�� :E5��Q�UX� 	�/  

  

 �2 ��"���%/40 �� ',/��� k"9 ^),� q�9 00�<4 q�9 
3 q�9 
2  q�9 )1  =/�2 �$ �4 �I� 6�����$ O���� �$

��1�0 ��(4)��2 ,�840^�+ 40 ^���� ��
�� q�9 Q5H .,�� 	�/1391 
1388 
1379 
1385  )1381  6�����$

^�+ q�9 6�%/ Q5H ) .�+� ',1 0�3�� ��
�� ^���� &������ �H�R$ ,�840 40 =/�2 	�/1380 
1389 
1390
 

1393  )1392 ��1�0 ,�840 =/�2 �$ �4 �I� 6���%2 �H ��
�� ^���� &������ q�9 �X� @+"�� 4"M$ .,��16  ^�+

 ��(4)��2 ,�8404/43979  .�+� ��1�0 =/�2 ���"� �"�
��  
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^�+ 40 ��
�� 	��������� q�9 e�+� �$ 	�/1391 
1392 
1393 
1385  )1394  ,�840 40 =/�2 6�����$

��9� k�W�� �$ 6��d%/ .�+� '0e�+� ^�+ q�9 6�� 	�/1384 
1387 
1386 
1382  )1383  �$ �I� 6���%2

'0�2 0�3�� �4 ,�840 =/�2 ,�840 =/�2 6������ q�9 6�� e�+� �$ .,��16  �
5� ��(4)��2 � �+9/127241 

 �H @+"� 4"M$ �2 ��
�� ����� q�9 �X� .�+� '0"$ ���"� �"�
��16  ^�+1/157960 �� =/�2 ���"� �"�


^�+ 
�+� '0�2 0�3�� ��(4)��2 	��$ ,�840 	�/1391 
1389 
1390 
1385  )1392  =/�2 6�����$ O���� �$

'0�2 0�3�� �4 ,�840 40^�+ ) ,�� 	�/1388 
1381 
1384 
1387  )1382  �4 ,�840 40 =/�2 6���%2 O���� �$

��1�0 .,��  

 ) 	��������� ���>%/ u"�) q�9 40^�+ ��
�� ����� 	�/1391 
1394 
1389 
1390  )1385  6�����$ O���� �$

^�+ ) =/�2 	�/1381 
1386 
1388 
1380  )1379  0�3�� �4 ��(4)��2 ,�840 40 =/�2 6���%2 O���� �$

'0�2 �H @+"�� 4"M$ 6��d%/ .,��16  q�9 6�� �+4�$ 04"� ^�+1/272367  ,�840 40 =/�2 ���"� �"�
��

3���� �v�4� ;�c 4�0"%� ��1 �$ �+4�$ 04"� q�9 4��\ �X� ,�840 =/�2 ,�)4 ���0� 40 .�+� '0�2 0�.00�<  

  

  
 D>�1!�"����C DC =�F�� �� c��C :  

��9�� :E5��Q�UX� 	�/  

 

��
A �� c+�W*�  

 ;�c ^),� 40=��>9�  �H ���<4��\ &��_�9 �X� �%�� 4016 .�+� ',1 �v�4� ^�+  
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 T�=P2 :(!��B- ��W�) TBI�� L- �� ��
A �� c+�W*�  

  

T�U  

�eBI�� L- �� ��
A �� c+�W*�  

R�*1 

(T���5 �
�A�)  

R�*2  

(�
�A� 3�+78�

@-)  

R�*3  

(�
�A� �

@- )  

R�*4  

(!���B- ��BI   �
�A� 3�+78�

@- � �
�A� �

@-)  

1379  28/150  71/67  62/78  22/99  

1380  19/182  18/116  33/180  83/1038  

1381  66/206  14/387  6/189  49/1054  

1382  55/199  65/121  1/148  5/206  

1383  75/192  22/144  36/226  9/440  

1384  8/279  9/224  82/1125  61/438  

1385  4/85  72/41  17/300  63/611  

1386  64/206  81/168  57/182  96/325  

1387  72/197  47/206  06/609  9/310  

1388  35/247  07/188  6/336  56/526  

1389  34/317  28/254  2/384  15/516  

1390  61/308  14/238  64/656  7/2337  

1391  16/556  3/662  9/1104  36/3207  

1392  9/651  727  8/700  16/517  

1393  81/810  28/1064  78/1469  14/2060  

1394  05/734  31/886  34/1349  67/4881  

L
45�
�  95/332  7/343  18/565  86/1160  

             ��9�� :E5��Q�UX� 	�/  

  

�� ',/��� �2 ��"���%/ .�+� ',1 �+4�$ ���<4��\ &��_�9 �X� &:"-X� �%�� =��>9� k"9 ^),� 40 00�<

 �H16  q�9 �+4�$ 04"� ^�+4 q�9 
3 q�9 
2  q�9 )1  �%�� 6������ =��>9� �$ �4 �I� 6�����$ O���� �$

��1�0 �+4�$ 04"� ^"-X� �+.,�� ^�+ 
��
�� ^���� ����� @���1 40 	�/1393 
1394 
1392 
1391  )1389  �$

^�+ ) �%�� 40 =��>9� 6�����$ O���� 	�/1385 
1379 
1380 
1383  )1387  �4 �%�� 40 =��>9� 6���%2

'0�2 �$�3� 6������ 4"-$ 6��d%/ .,��95/332  �H ���"� 4�>/16 �/ �%�� 40 =��>9� �+4�$ 04"� ^�+  6�

.�+� ��1�0 0"�) ^"-X�  

^�+ 40 ��
�� 	��������� @���1 40 ��� 	�/1393 
1394 
1392 
1391  )1381  =��>9� 6�����$ ,/�1 O���� �$

^�+ 40 ) ^"-X� �+ �%�� 40 	�/1385 
1379 
1380 
1382  )1383  �%�� 40 =��>9� 6���%2 O���� �$
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 6�� 40 @+"�� 4"M$ .�+� '0�0 �4 &:"-X�16  ^�+7/343  40 =��>9� ��
�� 	��������� q�9 �X� ���"� 4�>/

 �H ��
�� ����� @���1 40 � ) .�+� '0�0 �4 �%��16  �+4�$ 04"� ^�+18/565  �%�� 40 =��>9� ���"� 4�>/

^�+ 40 q�9 6�� �X� .�+� '0��9� k�W�� 	�/1393 
1394 
1384 
1391  )1392  40 =��>9� 6�����$ O���� �$

��^�+ 40 ) �% 	�/1379 
1382 
1380 
1386  )1381 .�+� ��1�0 0"�) �%�� 40 =��>9� 6���%2 O���� �$  

 �H >�� ��
�� ����"� ����� ) 	��������� q�916  @+"�� 4"M$ ^�+86/1160  6������ 40 =��>9� ���"� 4�>/

 &:"-X� 6�� (� 6� �/ �%��0�3�� ^�+ q�9 6�� @���1 40 .�+� '0�2�/ 	1394 
1391 
1390 
1393  )

1381 ^�+ ) 6� �/ �%�� 40 =��>9� 6�����$ O���� �$ 	�/1379 
1382 
1387 
1386  )1384  O���� �$

 �H q�9 4��\ 6�� ,�)4 .�+� ',1 0�3�� 6� �/ �%�� 40 =��>9� 6���%216  �%�� =��>9� �$ �+4�$ 04"� ^�+

 '4�%1 4�0"%� 40 ^"-X�2 �+� ',�0�< �v�4�.  

  

  
 D>�2���>� �� L- 3�"� 
  ��
A �� c+�W*� =5�� : 

��9�� :E5��Q�UX� 	�/ 
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i�I� ��*� ��"�� �� c��C�=GGC 

g�-� '�94 0�(�� 40 =/�2 ;�c ^),� 40�_�9 �X� ',��2 �H ���<4��\ &�16 .�+� ',�8 ^�+  

 T�=P3i�I� ��*� ��"�� �� c��C :(!��B- !B
�
�) �=GGC  

  

T�U  

 c��Ci�I� ��*� ��"�� ��(!��B- !B
�
�) �=GGC  

R�*1 

(T���5 �
�A�)  

R�*2  

(�
�A� 3�+78�

@-)  

R�*3  

(�
�A� �

@- )  

R�*4  

(!���B- ��BI   �
�A� 3�+78�

@- � �
�A� �

@-)  

1379  3/174224  7/242842  9/264176  7/297536  

1380  4/180503  9/349645  7/437871  1/499575  

1381  7/222882  7/299864  6/310909  7/328860  

1382  2/252700  3/433435  9/532121  1/590254  

1383  328274  9/562803  6/722077  6/797801  

1384  6/351859  3/603091  9/751008  3/844594  

1385  8/269506  3/553978  6/805619  1204929  

1386  5/243949  6/399559  7/578314  3/693694  

1387  5/472427  9/590739  8/584644  5/705605  

1388  8/325323  3/508031  2/579327  4/630925  

1389  6/491671  4/706770  7/898708  1261078  

1390  472532  3/784654  1351128  1709316  

1391  1773806  3185281  5496888  6129070  

1392  2551853  4800041  6171317  6948993  

1393  3329069  5380868  6598199  7651349  

1394  3405567  5277052  6179814  7414115  

L
45�
�  4/927884  1542416  2016383  2356754  

      ��9�� :E5��Q�UX� 	�/  

  

 Q$�M�^),�  �H k"916  q�9 ;5� ^),� )0 ,���� �$ �+4�$ 04"� ^�+4 q�9 
3 q�9 
2  q�9 )1  O���� �$

��1�0 ',��2 g�-� '�94 0�(�� =/�2 �$ �4 ��I�� 6�����$^�+ 40 ��
�� ^��������� q�9 �X� e�+� 6�� �$ .,�� 	�/

1394 
1393 
1392 
1391  )1389  '�94 0�(�� 40 =/�2 6�����$ O���� �$^�+ ) ',��2 g�-� 	�/1379 


1380 
1381 
1386  )1382 '0"$ ,/�1 �4 ',��2 g�-� '�94 0�(�� 40 =/�2 6���%2 O���� �$ 4"M$ 6��d%/ .���

 @+"��4/927884  �H ���"� �"�
��16  40 .�+� ',1 0�3�� q�9 6�� �X� ',��2 g�-� '�94 0�(�� =/�2 ^�+

^�+ ��
�� 	��������� @���1 	�/1393 
1394 
1392 
1391  )1390  '�94 0�(�� 40 =/�2 6�����$ O���� �$



  

  

  

  

36  -----------------------------------  +# ,��-�.# /��#�0 1-�23�  ���	8 ���56 �22 ����#� �1398  

 

^�+ ) ',��2 g�-� 	�/1379 
1381 
1380 
1386  )1382  g�-� '�94 0�(�� 40 =/�2 6���%2 O���� �$

��1�0 �4 ',��2 �H .,��16  q�9 6�� �X� ',��2 g�-� '�94 0�(�� =/�2 @+"�� ^�+1542416  ���"� �"�
��

� '0"$.�+  

^�+ ��
�� ����� q�9 40 	�/1393 
1394 
1392 
1391  )1390  g�-� '�94 0�(�� 40 =/�2 6�����$ O���� �$

^�+ ) ',��2 	�/1379 
1381 
1380 
1382  )1386 ��1�0 �4 ',��2 g�-� '�94 0�(�� 40 =/�2 6���%2 .,��

 @+"�� 6��d%/16 � '�94 0�(�� =/�2 ����( 40 �+4�$ 04"� ^�+ ',��2 g�-2016383  '0"$ ���"� �"�
��

^�+ ��
�� ����"� ����� ) 	��������� q�9 40 .�+� 	�/1393 
1394 
1392 
1391  )1390  6�����$ O���� �$

^�+ ) ',��2 g�-� '�94 0�(�� 40 =/�2 	�/1379 
1381 
1380 
1382  )1388  40 =/�2 6���%2 O���� �$

�0 �4 ',��2 g�-� '�94 0�(����1 @+"�� .,��16  >�� �+4�$ 04"� ^�+2356754  ���� �2 .�+� '0"$ ���"� �"�
��

 @+"�� =/�2 ',�/02356754  6�� ,�)4 .�+� b4��\ q�9 �X� ��<,��2 g�-� '�94 0�(�� 40 ����"� �"�
��

 '4�%1 4�0"%� 40 =/�23  .�+� ',�8  

  

 
 D>�3i�I� ��*� ��"�� c��C =5�� :�=GGC  

 :E5����9��Q�UX� 	�/  

  


�
�5 3�
V  

�� 	���$ 	4���$ �K�5H��� �8 �� 40 ) �K�5H &��I� ���"/ ) 78 j
�R� @���1 ;� ,$ 	(4)��2 =R$ .04��<

',�,� �$ �2 	,�,1 ����$�)�� 	4���$ ��I�� &������ 6�� (� 04�0 �K�5H ) �%�
�� 	�/ 6�� �� 40 .0����

 ) ,� "� 	������I��^�5�,$ �840 �8�� ���"� 	,�,1 &������ �$ 	0�-��� '�94 0�(�� ) �%�� 
, �%�
�� &������ .0"1

�� ;��1 >�� �4 ��
�� 	��������� ) ��
�� ^��������� ) '0"5� ��
�� ����� 	��K� �$ ���� 6�� (� b�,2�/ )4 6�� (� .0"1



  

  

  

  

37   --------------------------------------  ����3 89 ,��:���� ����; %#� ���< �=>3& �&���...  

 

�� 40 .�1�0 ,/�"* �K�5H ) ������ @���1 �$ ��)�W�� ��I�� 0"* &������ �
*�0 Q$�+ &�K �M� gV*�$ �K �M� 6

�5�� (� b�,2 �/ ) ��9�< 4��� �+4�$ 04"� ',1 !�.W� ) �>3� &4"-$ �%�
�� &������ �I� &������ 6�� �"<��"< 	�/

 	��������� �5�� &���I�� 6�$ �
5� &�U�UX� 40 ���0 &4�5# �$ .�+� ��9�< 4��� =3�+ 04"� ����� ����� �$

� &������ 
��
�� 4��\ �$ Q�UX� 6�� 40 �2 � �f 40 �+� ',�� ',�0 ���,�\ &)�W� )0 6�� O�2�� ��I�� ) �%�
�

.�+� ��9�< b�3�� 	4��<�I� �$��(4� &)�W�� q�9 '0�0 	(�+ �\4�n.� �$ 
=/)P� 6�� 40 )4 6�� (� ) ���"/ ) 78 	�/

���>/ &�#VH��$ ��"� �M* ��� 7"\4�\ !� 40 
	(4)��2 	,� "� ) 	�  �X� ����� ����� �$ �I� =3�+ 4"L��

 ) w��$ 
b,�<) ����� ����� 40 �-*�1 &:"-X� ) ����� 04"� 40 ) ',1 '0�0 �K+"� ���"/ ) 78 q�9 4��\

O�+ .�+� ',1 ��9�< 4�.$ (����(  

�� �3��� 6�,�\ =/)P� 6�� (� ;]�f w���� (��2 �$ �%�
�� &������ &��I� ����( 40 .0"1 ��9�< ��"� 
,�840 =/


��
�� ^��������� j
�R� q)�9 '�94 =/�2 ) �%�� =��>9�  ����� ) 	��������� ) ��
�� ����� 
��
�� 	���������

�� ���� w���� 
��
�� ����"� ,/0�2  �8 �
]� ;��# �2 .�+� ',�0 	0��( &��I� 4"2�� &������ (� 04�"� 6�� �+ �/

 =/�2 )4 6�� (� .�+� '0"$ ,� "� =/�2F)4 c�R�� ,��(��� �W�� &��I� 6���+��+ ) �/ �$ ���5� �2 �+� ���/

�� b�,�� 6���R� .,1�$ ,� "� �$ ��
�� &������ 	4��<��I�� =/�2 �$ ��0 ��2 (� �2�f ) 	4��$8 	"� � ����� ,��"�

'�M� 	4��$8 ,���� �����,�� E��) 40 .,1�$ �$8 ��2K_) 0"5�$ �$ ,��"� �� 4��9 �X� ) 	�g�-� �� ) ��<,��2

69 c�R�� �$ ����� 0�"� ��<,��2,� "� ) 00�< ����� �%�
�� j
�R� @���1 �$ ��"� �$ ����� 0�"� ��<,��2 ,� "�-

	4)8�� 	4��$8 6�"� 	�/ ) '0�2 ,� "� 	����$ ^"-X� 
�%�
�� &������ (� ,�,1 	������I�� b,# �$ ')V# ,���"�

	��:�$ ,�840 0"* �/ �3��� 40  �,�� �+��+0 4�(�$ 40 	����$ ����� 0�"� �$ ��<,��2 g�-� �/ ) ,��2 O�2

 (� �\ ) �/���$ 6�� 	(�+ �/��9 � �� ��.�� ~�X  (� �\ ��(4)��2 (� � )0 ����$ ���%f ,��(��� ��� 6�� .,��2

�� &:"-X� �%�$ ~�X F)4 ����� .,1�$F)4 �%+ �$ �2�f ) ��2 	"� � 6��d%/ ) ��2 	�// �4,� 	�

�� >�� ��%2 �$8 (��� �$ &:"-X� ) 	4��$8 ) �
$�U� ���0 	"+ (� .,1�$ �I"� �%�
�� &������ q4�"# =/�2 40 ,��"�

�/ �
%# ) �%
# ��$�,� ,��(��� ��
�� ����� &��I� ) q4�"# =/�2 ����,�,3� E$��� ���>���� ) ���0( ��$��$ �"\

�+� 	���� ,� "� 40 �
��9 E$��� 	�3$�$ .���R
< 	�/(�< =��>9� (� 	��<"
� ��%< �$ 	0��( 4���$ �I� �2 	�

�� �%�
�� @���1 0"5�$ �%+ �$ 0"�"� @���1 ����� �$ .�+� ��%/� >v�f 4���$ ,�4�0 �%�
�� &������ (� ��"�

� ����� ) 	0�-��� '�94 �"d%/ ������ ;v��� ) �K�5H @���1 �$ &������ 6�� "+ 4�I8 (� 	4���$ 	��<"
� ����

�%�� =��>9� ����( 40 .0"%��+��+ >�� �/� )0 @+"� 4�(�$ ^���2 ) ,� "� @���1 �$ O+���� 	4��< �L�,� ,��$ �/

.,1�$  

  

k �G�  

) 6��X �,5# ���_4 ��
K+�5# � ) �6��� �W+"* �'�/( �%�/��$� ��W+"* �%�/�$�1392 ����� ) 	(4)��2 �$ ��
�� ����� 	�/,���� .(

.���W]� ��K�] '�����0 
���W]� 
6��(�+ 	�%�+ 	�" "2� �

% � 6�$ ����W�2 6���R� 
����� 



  

  

  

  

38  -----------------------------------  +# ,��-�.# /��#�0 1-�23�  ���	8 ���56 �22 ����#� �1398  

 

) 
�_4,%X� 6�,� �7���� 	)�0�1396O�+ ,� "��$ ��
�� ����� ��IN� .(����( �),��9 �UM�� 40 ,
� 
	(4)��2 �+��1 b"$ 
���W]� ��1

9 '4�%1 
4 Y] .1117-1135.  

2 4"�,+� �,�%f 0�P�����) 
���� 	0�1396 ,
� 
	(4)��2 0�-��� &�U�UX� 
����� b,�< ,� "� �$ ��
�� ����� &��I� �+4�$ .(9 .'4�%1 


 Y]163-182.  

) �_4 �+,U� �0"%X� �.*�2 4"���0 ��
# ��R$1390�����$ ^,� 0�$4�2 .(�+��+ &��I� ;�
X� 4"L�� �$ �5r� �_��4 	>�4 	�/

�%�� 6�>����
,��� 40 78 	4��<  ,
� 
	(4)��2 �K+"� ) 0�-��� �����25 '4�%1 
3 Y] .284-294.  

) �_��
# �.\"2 ��5�3� ��%2��1394�<P�) �$ ',��8 ��
�� ����� ) =����< �I� �+4�$ .( ����� 
����� 40 ����( O�+ ,� "� ) �#�4( 	�/

.,��� �+)0�9 '�����0 
&���5� �V]� ) �#�4( ��14 40 �--R� 	���20 ���� 

�f��� �4,W],�+ ��_4,%X� 	�L� ����#) 7��1 0�P�1392.( �+4�$ �I� ����� ��
�� �$ 	(4)��2 =R$ �$ ,�2N� �$ =U� �$ 	��<4�2 

	�/0�5/�4 Q�5M� 40 6�� =R$. &��/)P� 0�-��� )  '4)0 
����� 	(4)��2 �K+"�44 '4�%1 
1 Y] .1-16. 

) 4"-�� ���5�( ����.+ ���"�1392� '"U �$ &��I� .(=/)P� 
e4�9 ���+� 	(4)��2 �$ ��
�� ���� ,
� 
	(4)��2 �K+"� ) 0�-��� 	�/

27 '4�%1 
3 Y] .169-179. 
Ahmed, S.A., Diffenbaugh, N.S., Hertel, T.W., Lobell, D.B., Ramankutty, N., Rios, A.R.,Rowhani, P., (2011), Climate 
volatility and poverty vulnerability in Tanzania. Glob. Environ.Change Part A: Human Policy Dimens. Vol. 21, pp 46–55. 
Butler, C., and McFarlane R., (2018), Climate Change, Food Security, and Population Health in the Anthropocene.,  
Encyclopedia of the Anthropocene,  Vol. 2, pp 453-459. 
Banzhaf, H.S., (2010), Consumer surplus with apology: a historical perspective on nonmarketvaluation and recreation 
demand. Annual Review of Resource Economics, Vol. 2, pp 183-207. 
Campbell, B.M, Vermeulen, S.J., Aggarwal, P.K., Corner-Dolloff, C., Girvetz, E., Loboguerrero, A.M., Villegas, J.R., 
Rosenstock. T., Sebastian, L., Thornton, P.K., Wollenberg, E., (2016), Global Food Security,risks to food security from 
climate change, Vol 11, pp 34-43. 
Devaux, A., Kromann, P., Ortiz, O. (2014), Potatoes for sustainable global food security. Potato Research. (Netherlands). Vol 
57, No 3, pp 185-199. 
Ferreira, F.H.G., Fruttero, A., Leite, P.G., Lucchetti, L.R., (2013). Rising food prices and householdwelfare: evidence from 
Brazil in 2008. J. Agric. Econ. Vol 64, pp 151–176. 
Ford, J.D., (2012). Indigenous health and climate change. Am. J. Public Health, Vol 102, No 7, pp 1260 – 1266. 
Gohar, A.A., Cashman, A., (2016). A methodology to assess the impact of climate variability and change on water resources, 
food security and economic welfare., Agricultural Systems. Vol 147, pp 51-64. 
Guillermo, N., Jaramillo, V., Larsen, J., (2018). Food security and climate change: the case of rainfed maize production in 
mexico, Agricultural and Forest Meteorology. Volumes 253–254, pp 124-131. 
H.J. Dowsett., Robinson, M.M., (2013), Paleoceanography, Biological Proxies Planktic Foraminifera, Earth Systems and 
Environmental Sciences, Encyclopedia of Quaternary Science (Second Edition), pp 745-754. 
Katz, R.W., Brown, B.G., (1992). Extreme events in a changing climate variability is moreimportant than averages. Clim. 
Chang. Vol 21, pp 289–302. 
Liu, C., Hofstra, N., Franz, E., (2013). Impacts of climate change on the microbial safety of pre-harvest leafy green 
vegetables as indicated by Escherichia coli O157 and Salmonella spp. Int. J. Food Microbiol. Vol 163, pp 119– 128. 
Li, Yu, Liu, Yuan , Ye, Wangting , Xu Lingmei, Zhu, Gengrui , Zhang, Xinzhong, Zhang, Chengqi (2018), A new 
assessment of modern climate change, ChinaAn approach based on paleo-climate, Earth-Science Reviews, Vol 177 , pp 458–
477. 
Lobell, D.B., Schlenker, W., Costa-Roberts, J., (2011). Climate trends and global crop production since 1980. Science, Vol 
333, pp 616-620. 
Meehl, G.A., Stocker, T.F., Collins, W.D., Friedlingstein, P.,Gaye, A.T., Gregory, J.M., Kitoh, A., Knutti, R., Murphy, 
J.M.,Noda, A., Raper, S.C.B., Watterson, I.G., Weaver, A,J., Zhao, Z.C. (2007). Global Climate Projections. In: 
ClimateChange,The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press. Cambridge, United Kingdom and New York, NY, 
USA. 
Millner, A., (2013). On welfare frameworks and catastrophic climate risks, Journal of Environmental  Economics and 
Management, Vol 65, No 2, pp  310-325. 
Stern, N., Dietz, S.(2008), Why economic analysis supports strong action on climate change: a response to the Stern review’s 
critics, Review of Environmental Economics and Policy, Vol 2 , No 1, pp  94–113. 
Wheeler, T., von Braun, J., (2013), Climate change impacts on global food security. Science341, 508–513. 



  

  

  

  

39   --------------------------------------  ����3 89 ,��:���� ����; %#� ���< �=>3& �&���...  

 
Wossen, T., Berger, T., Haile, M.G. & Troost, C. (2017), Impacts of climate variability and food price volatility on 
household income and food security of farm households in East and West Africa. Agricultural Systems. 
UNFCCC ,(2007), Climate Change Secretariat. Climate Change: Impacts, Vulnerabilities and Adaptation In Developing 
Countries, UNFCCC Secretariat. Bonn, Germany. 
Uyttendaele, M., Liu, C., Hofstra, N., (2014). Special issue on the impacts of climate change on food safety. Food Res. Int. 
Vol 68, pp 1 – 6. 
Weitzman, M.L., (2009), On modeling and interpreting the economics of catastrophic climate change, Review of Economics 
and Statistics, Vol 91, No 1, pp 1–19. 
Wheeler, T., von Braun, J., (2013), Climate change impacts on global food security. Science, Vol341, pp 508–513. 
Zalasiewicz, J.,Williams, M,. (2016), Climate Change, Second Edition: Observed Impacts on Planet Earth, University of 
Leicester, Leicester, UK. 

 

  

  



 

 

 
  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.08, Issue 22, Winter 2020 

 
 

Research Article 
 

Investigating the Effects of Climate Change on Food Security of 
Iran 

 

Soroush Kiani Ghalehsard1, Javad Shahraki*2, Ahmad Akbari3, Ali Sardar Shahraki4 
 

Received: 26-02-2018 Revised: 09-04-2018 Accepted: 02-06-2018 

 
 

Abstract 
Climate change affects agricultural production and, consequently, agricultural factors such as food security and 
economic well-being. In this study, by distinguishing between different aspects of climate change, the effects of 
four climate change assumptions, climate variability, climate change, variability and climate change on food 
security and economic well-being during the years of 2001-2016 were investigated and by using the cost and 
production information of three products of food security index in Iran (wheat, rice and potatoes), using the 
positive mathematical programming (PMP) method was used. The results of this study showed a sharp decrease 
in farm incomes and a surplus of economic welfare as well as an increase in the price of the product under the 
fourfold assumptions. In four assumptions examined, the average of total income 43979.4, 127241.9, 157960.1 
and 272367.1 million Tomans was reduced, the price of the desired product 332.95, 343.7, 565.18, and 1160.86 
one thousand Tomans was increased, and the total of economic welfare surplus decreased 927884.4, 1542416, 
2016383 and 2356754 million Tomans, respectively. Reducing the effects of climate change can be achieved by 
changing the pattern of cultivation, using modern irrigation methods and desertification. 
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