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__________________________________________________________________

1- Shaungguan, 2001. 
2- Rogers et al., 2002. 
3- From Off-stream to Instream Uses. 
4- Modern Monitoring Techniques. 
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__________________________________________________________________

1- Goal Programming Method. 
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__________________________________________________________________
1- Singh, D.K. et al., 2001. 
2- Doppler, W. et al., 2002. 
3- Ward, F.A. et al., 2002. 
4- Johanson, 2001. 
5- Average Resource Method. 
6- Most Limiting Resource Method. 
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@	 �1A 8IFM&66N

5��36�)� � qM	6�(<%& 0���>

��H 8�*�%&�M�	 L6��
8&�M)*�� Q��P '� K<&

 8�*�%&6VD�7 '�
���G6p�%D �� ��>�

G< �����g�& )IR(

�*�2&=�'����6�� !�%	 
��3�h ( ��)��)E(

��&���>!c52W& 

5%	6*�/Y .6�RHS (<	��?D� N!� �)� 168M
T�  82/����B��

Lindo & QSB 

qM	68&� �� K<& 0��B!
 �&���

B>�D�	 8M63 ( <6�+
c52W& "#�$%& 

36�* �+�8�!)��$23� �'��!�� =��1  
Shadow price of water
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)�(n…�,�,�=jjjjj bdd)X(f =−+ +−

)�(0d,d,X jj ≥+−

)�(0dd jj =⋅ +−

�?D� N�� �� 8�:
jh:VW)& ��&�� =<MM�j�T� 

( )+− + jjj ddh:,<> '� ,��% � R��	)��&�� (j�T� 
)X(gi:R��M& R��	i!��� =<9 =��i2*� T��6D�@��>!<6D�	 c52W& !x�
ib:R�M& !��A�& ��B6&i�T� 
)X(f j:,<> R��	j'� .[�Y T��6D�@��>c52W& !!<6D�	x�
+

jd:��'�& �6s2& ,�@& �
−

jd:���+� �6s2& ,�@&.
8&� �� K<& I%	 � �&�� !B��6��� ���< �2*� K<& '� =��i2*� �� �H�Y Q8���P 

8[k78�"��[�� T�a � ��' .Y��& ��*� 82��:
�(�@	�!�>�6s2& c06+$	 �6G�!
�(N66@	�(<%&���>!�K<& 
�(@	66K<& N�D�6( =����(���&6��9 �� R��M& ��B����A�& �
�(@	66��&�� NVW)& ( �>������D(� �( �>���(<%&�>!@M& -X=<MM���� 
�(���&�� �> �iM& ( ��r& ,��% � !�>�6s2& N66@	 
�(.3�<Y L/Y �� ,<> R��	 N66@	 !'�*����& !�>�6s2&8�,��% �.

K�Y8��)	��> E4���� .Y��& '� �&����0�'.

89N9���������P�� CQ�>�� ��@�
!�>�6s2&06+$	 �6G=��i2*� ���& ( !���H�Y 8@D�F& 8���' n�9< :

i:����& �6s2& 8� .��3 c52W& "#�$%& 8* QP�M& �� <6D�	 ( �)� �;%	 8; �G
 ('��� <* !��6�� 8-�9�*� 8� wu,...,|,\,w=i8� �9��' n��� <>��7 :
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 1&���- �23�...  ��

T<MG w=i�A\=i"�l 8 �� !�|=i�<Msf <M3 }=i����?��2��^=i
'�6� _=iL6* �M6&']=i�����67 �=i8A�G �? ���=i8a �� w�=i

j:����& �6s2& 8� 8* QP�M& =��;� ('��;� <;* !��;6�� 8-�;9 �;%	 8 �G ;� 8w=j
8� CQa53 869�Y 8IFM&\=j8� ( "���' 8IFM&|=j8� 4;� 8;* 8;IFM& =��;9� �� 

�&<M�.
k:����& �6s2&8�8� =��� !��6�� =�(�8�"��[ 8; �>�&(8;� �;q  �� �;�' n�;9

82��G �*� =<9 :

N���(�� w=k�)1����� \=k����7 |=k�6	 }=k����& ^=k

����19 _=k�1& ]=k���� �=k�l� �=k��2/&' w�=k

m:����& �6s2&8��* c52W& K�$� K!��� N6&d	!(�6  '�6 ���& ����6D�@��>!
c52W&�*�8�:

��1� .$� w=m��2/��	 .$� \=mB6��� .$� |=m��2/&' .$� }=m

Xij : K�$%& �)���' EF*iIFM& �� T�8jT� 
Xi:K�$%& �)���' EF* v�+a&iQP�M& 8+> �� T� 

TXZj:IFM& �O��' "#�$%& �)� ( !��6�� .��3 �H��� .�8jT� 
FXij : K�$%& �5@� �)���' EF*iIFM& �� T�8jT� 

TXKj:���' EF* .�8IFM& "#�$%& �)jT� !�����7 '�6 ����i 
XMj:=B6��� ��67 K�$%& �)���' EF*)��<a& �) (IFM& ��8jT� 
Yitr : K�$%& �)���' EF*iK�* �� T�t�(�M	 �� T�rT� 
TYr:�M	 �� ��(�M	 8@F3 �> K�$%& �)���' EF* �(rT� 
Cij : VD�7 <&��� K�$%&iIFM& �� T�8jT� 
fij : K�$%& ��2-> �> '�6 ���& "�i/� ��� ��B6&iIFM& �� T�8jT� 

Tfj:IFM& "#�$%& Z�2*� .��3 "�i/� ��� .� ��B6&8jT� 
oij : K�$%& ��2-> �> '�6 ���& =�(� ��� ��B6&iIFM& �� T�8jT� 
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Toj:Z�2*� .��3 =�(� ��� .� ��B6&IFM& "#�$%&8jT� 
pij : K�$%& ��2-> �> '�6 ���& Z�2� ��� ��B6&iIFM& �� T�8jT� 

Tpj:IFM& "#�$%& Z�2*� .��3 Z�2� ��� .� ��B6&8jT� 
hij : K�$%& ��2-> �> '�6 ���& � ��6Y ��� ��B6&iIFM& �� T�8jT� 

Thj:IFM& "#�$%& Z�2*� .��3 � ��6Y ��� .� ��B6&8jT� 
sij :B6& K�$%& ��2-> �> '�6 ���& T�+* ��iIFM& �� T�8jT� 

Tsj:IFM& "#�$%& Z�2*� .��3 T�+* .� ��B6&8jT� 
tij :��	 �O�* ��B6&�K�$%& ��2-> �> '�6 ���& ��2iIFM& �� T�8jT� 

Ttj:=�1� �O�* .� ��	 '� !������IFM& Z�2*� .��3 ��28jT� 
kij : �O�* ��B6&�-> �> '�6 ���& N���+ K�$%& ��2iIFM& �� T�8jT� 

Tkj:=�1� �O�* .� '� !������IFM& Z�2*� .��3 N���+8jT� 
dij:K�$%& ��2-> �> '�6 ���& �G(�� �O�* ��B6&iIFM& �� T�8jT� 

Tdj:=�1� �O�* .� IFM& Z�2*� .��3 �G(�� '� !�����8jT� 
wijk : '�6 ���& �� ��B6&)��� '�6  (K�$%& ��2-> �>i& T�IFM8j=�& �� T�kT� 

Twjk :=<9 =��� V6$W	 �� ��B6&8�IFM&8j=�& �� T�kT� 
Lijm : K�$%& ��2-> �> '�6 ���& ��� !(�6 iIFM& T�8j.$� �� T�mT� 

TLjm :IFM& ��A�& ��� !(�6  .�8j.$� �� T�mT� 
Cij : K�$%& ��2-> �> VD�7 <&���iIFM& T�8jT� 
Tcj:� .[�Y VD�7 <&��� .�IFM& !<6D�	 "#�$%& '8jT� 

Iij :8M�B> 8��&�* !�> K�$%& ��2-> �> '�6 ���& !<I  !���GiIFM& T�8jT� 
TIj:8M�B> .� 8��&�* !�> IFM& Z�2*� .��3 !<I  !���G8jT� 

TXKj:���' EF* .�8IFM& "#�$%& �)jT�!�����7 '�6  ����i 
GL :�*�2*� � �&�� EF*8���5F& K�s29�)��O�+2A� ��&�(
GK : �*�2*� ��5F& � �&�� EF* 8� ���6+69��� ,�$& .3�<Y)�/�' ��&��

�F6%&(
GS : �*�2*� ��5F& � �&�� EF* 8� ���6+6;9 T�+;* ,�$;& .3�<;Y)��;&��
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 1&���- �23�...  �$

�F6%& �/�'(
GC :�*�2*� � �&�� EF*8���5F& VD�7 <&���)!��$23� ��&��(
GI :�*�2*� � �&�� EF*8���5F& <6D�	)!��$23� ��&��(
−
rd:��&�� '� �iM& �1A �� ,��% � rT� 
+
rd:��&�� '� ��r& �1A �� ,��% �rT� 

F9N9��������#$I����:$� 
���(<%&�>����& !8�8&� �� � �&�� !B�� 8� 0/3 (����(<%& �;> K�;+@& !

8&� �� K<& �� "#��@& ( �F7 !B�� ���(<%&�>�& 06/I	 � �&�� K<& !< �9 .
���(<%&�>!����& 8� 8&� �� K<& �F7 !B�� 8� C�2)6� ���(<%& �;> R��;M& !

!<6D�	<M2/> '� <M	���O:
�(�(<%&�&' �6O��' N�:

�5[� "#�$%& �� =(kO �	�@D�F& 8IFM& �� "#�$%& '� ��@� �)� ��-&�
 =B6��� ��67 �6q 8�"��[ �<a& �)� C���� ��A( "kh �9���� '� X�N�� ���M� 

���(<%&�>����& !8�N6&')�)���' EF*(8�(�N;�� 8;� =<9 46-i	 =�(� 
���(<%&�>8�"��[< � =<9 K<& ���( ��' :

cD� ("#�$%& ��� �)� ��' EF* ���(<%&O��'�c52W& QP�M&:

)�(|,\,w=j for 0TXZX j

10

1i
ij ≤−∑

=

�(���(<%&c52W& QP�M& �<a& �)� "#�$%& ��� �)���' EF*:

)�(|,\,w=j for 0XXM
2

1i
ijj ≤−∑

=

�(�(<%&��� 0aY �:
�� 8;IFM& �� !��;A�& ��B;6& ( "#�$%& ��� '�6 ( �)� =�(� 8� �a � '�

=�&�>�*� "(�i2& �?�<-� �� K�* c52W& !.X����(<;%& 8;� �;*� !�(�H 
0aY �� 8�"��[ 8 �>�& ��9 82��G �q  �� 0> '� 4iM& (.
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)�(w�,…,\,w=and k |,\,w=j0TWXW jk

10

1i
ijijk ≤−∑

=

�(�(<%&� �6(�!���:
!(�6  !��� �H�I	 �� ����6D�@��>"�;65+O R��;	 �;O��' "#�$%& !<6D�	 !

�9���� ( �9�� C�9�� c52W& .Y��& ( =���8�.6D� v�M	 ;�( "#�$;%& �)
 ��� "(�i2& C�1 � <9� =�(� �N6&d	  6(�!� ���& �� ;6 .$;� �� '� !�;> c;52W& 

��� <>��7 "(�i2&CN�� ���M�  6(�!� ���& ��6'��;6D�@� �;>!��;1f �� c;52W& 
5$� =�(��8�"��['��06qM	�*� =<9 :

)�(|,\,w=and j },|,\,w=m0TLXL jm

10

1i
ijijm ≤−∑

=

�(�(<%&�( 0* ��9 ��6+6���:
8� .6D� ���� �(<%& 8; ���� R�'�	 ( <6D�	 =��;1  N;�� !� �;> ;� C6N"#�$;%& 

=��1  N�� ,�$& �� c52W& �>!�(<%& ���3� ��& ��a�C��98��� ��;qM& N6+>
8 ���� ���6+69 !�>��� c52W& v�� � ,�$& ��B6& ���(<%& 8@D�F& N�� �6q  !�

 c52W& T�+* ( Z�2� C"�i/� C=�(� ��� (�Y �� ;6 ���8;� �;q  �� �;�' "��;[
�*� =<9 82��G:

cD� ("�i/� ��� ���(<%& 8D��@&:

)�u(|,\,w=j0TfXf
10

1i
jijij ≤−∑

=

�(=�(� ��� ���(<%& 8D��@&:

)��(|,\,w=j0ToXo
10

1i
jijij ≤−∑

=

{(Z�2� ��� ���(<%& 8D��@&:

)��(|,\,w=j0TpXp
10

1i
jijij ≤−∑

=

�(��(<%& 8D��@&���6+69 T�+* �:

)��(|,\,w=j0TsXs
10

1i
jijij ≤−∑

=
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=(8D��@& ���(<%& �� ��6Y ��:

)��(|,\,w=j0ThXh
10

1i
jijij ≤−∑

=

�(�(<%&�9�& �6"#� N�'�(�)!:
�*�2*� 8� N69�& "#� �'�(�)! 6B8�"��[ 8;2��G �;q  �� ��' ���(<%& 

�*� =<9 .

)��(|,\,w=j0TtXt
10

1i
jijij ≤−∑

=

)��(|,\,w=j0TkXk
10

1i
jijij ≤−∑

=

)��(|,\,w=j0TdXd
10

1i
jijij ≤−∑

=

�(�(<%&�O��' �(�M	 ��:
�(�M	 8IFM& �� =<9 =��i2*� �&�+O �O��' !�>8�"��[��' < :

�o<M3�<Msf C"kh C"kh CB6D�A C"kh 
�o8a �� C"kh C<M3�<Msf 
�o<M3�<Msf C"kh C"�l 

"#��@&���(<%&�>����& !8��O��' �(�M	8�K<& ���( ��' n�9�&< �9:
cD� (K(� �(�M	 8D��@&:

)��(wr =0TY5YYYYY r

2

1i
r45r4i

2

1i
r3i

9

5i
r2i

2

1i
r1i =−++++ ∑∑∑∑

====

�(T(� �(�M	 8D��@&:

)��(\r =0TY3YYY rr103

2

1i
r2ir41 =−++∑

=

{(T�* �(�M	 8D��@&:

)�u(|r =0TY3YYY rr43

2

1i
r2ir31 =−++∑

=

�(�(<%& 8D��@& �;�' EF* v�+a& �� ;� �(�;M	 �� K�$;%& �;> �) !�;>
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c52W& 

)��(wu,…,\,w=i∑∑
= =

=−
3

1r

5

1t
iitr 0XY

)��(wu,…,\,w=i∑
=

=−
3

1j
iji 0XX

=(v�+a& ���(<%& 8D��@&��(�M	 .�>

)��(0TXZTY3TY3TY5
3

1j
j321 =−++ ∑

=

�(�(<%&� �6��7 '���i��:
�(<%&�' EF* �����)�	#�$%& �A ( T<MG �6q !��� N6&d;	 !�;>'�6  

8IFM& T�� '�6  C�D�>� ����h <@� K�* �)� '�6 ���& ��� (CIFM& �� 88���' n�9 
�*�:

)��(\,w=ij

3

1j
j1 TXKX ≥∑

=

�(�(<%&��&�* ��8!���G<I  !:
�a � '��J;W� <&��� 8;�'�(�)!�;*� �(<;%& CX;� 	 "#�$;%& !<;6D�

 =�1� �� c52W& '� !�6G 8��&�* � �;� ;- 82;9�� �;��3� �?�< ����;M� C��(<;%& N��
�&�*�8C8�"��[�*� =<9 K<& ���( ��' .

)��(|,\,w=jjij

10

1i
ij TIXI ≤∑

=

C���(<%& N�� �f �+* �� 6'��6D�@��>!<6D�	 !8;� !<;I  8��&�;* ;�8
K��@& 8M�B> ��B6& !�>�6s2& �G �q  �� �� =<9 82�C( {�� �*�� �+* �� ��C

!<I  8��&�* .� ��B6& v�+a& $;W	 .��3 6V8;� �;6D�@� �;>!;O��' �QP�;M& 
c52W&)TIj(�8�P '� �(<;	 Q��;?D� N!;���;9 �)�8;IFM& ��;A�& �)K<;&

�D�6=�� (8��*�&���C<���3�&��6G .

K9N9����:$� �1���# /�4�
#	����	�" 
� ?��6� &	����;�� R
&K<�85+A '� =��6D�K<&�>!8&� �� B�� �*� �F7 !�8;A�	 �� 88;� ����;9
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 1&���- �23�...  6�

�8IFM& ��A�& �)C!�>�6s2& ( 82��G "��[ 06+$	 �6G EF;* K��;@& x�M6O !
��& K<& ���( �5@� �) < �9.

K<& N�� �H�Y 8@D�F& ��8�N�� n�9�*�:

)��(ij

3

1j

10

1i
ijXCMax∑∑

= =

 

S.T.: 
)��(|,\,w=j0TIXI jij

10

1i
ij =−∑

=

)��(w�,…,\,w=kand�,\,w=j0TWXW jk

10

1i
ijijk =−∑

=

)��(|,\,w=jand },|,\,w=m0TLXL jm

10

1i
ijijm =−∑

=

)�u(|,\,w=j0TfXf
10

1i
jijij =−∑

=

)��(|,\,w=j0ToXo
10

1i
jijij =−∑

=

)��(|,\,w=j0TpXp
10

1i
jijij =−∑

=

)��(|,\,w=j0TsXs
10

1i
jijij =−∑

=

)��(|,\,w=j0ThXh
10

1i
jijij =−∑

=

)��(|,\,w=j0TtXt
10

1i
jijij =−∑

=

)��(|,\,w=j0TkXk
10

1i
jijij =−∑

=

)��(|,\,w=j0TdXd
10

1i
jijij =−∑

=

)��(\,w=i0TXkX
3

1j
iij ≥−∑

=

)��(�u...\,w=i|,\,w=j0FXX ijij =−
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)�u(wr =0TY5YYYYY r

2

1i
r45r4i

2

1i
r3i

9

5i
r2i

2

1i
r1i =−++++ ∑∑∑∑

====

)��(\r =0TY3YYY rr103

2

1i
r2ir41 =−++∑

=

)��(|r =0TY3YYY rr43

2

1i
r2ir31 =−++∑

=

)��(w},…,\,w=i∑∑
= =

=−
3

1r

5

1t
iitr 0XY

)��(�u,…,\,w=i∑
=

=−
3

1j
iji 0XX

)��(0TXZTY3TY3TY5
3

1j
j321 =−++ ∑

=

N9N9����&��
� �STH� # ����1����#	 &# �����#$I�����6� 2U/$661&�
8A�	 ��8�N�� 8��6D�@��>��&�� ( ,�<>� !���� 8IFM& �> �� !'�(�)� !!�>

 �i52W&�*� !��;� �;M6@& �;6+>� 8;A�� !���� ,�<;>� N;�� '� T�<;� �;> 8;� 
06+$	 �6G!'�(�)� �� (�#(�/&8IFM& ��� <>��7 CX�;>� 8@D�F& N�� �� ,�<

 8&�M)*�� Q��P '� �1 � ���D(� ( c52W& ���Y 8�Y�$& (!L/;� (8;� 	�	 ;6 L
' n�F*�K<& ���( �<9�*� =:
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