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Abstract  
The present study investigates water allocation of Kardeh Reservoir to domestic and agricultural users using an 
Interval Parameter, Multi-stage, Stochastic Programming (IMSLP) under uncertainty. The advantages of the 
method include its dynamics nature, use of a pre-defined policy in its optimization process, and the use of interval 
parameter and probability under uncertainty conditions. Additionally, it offers different decision-making 
alternatives for different scenarios of water shortage. The required data were collected from Khorasan Razavi 
Regional Water Organization and from the Water and Wastewater Co. for the period 1988-2007. Results showed 
that, under the worst conditions, the water deficits expected to occur for each of the next 3 years will be 1.9, 2.55, 
and 3.11 million cubic meters for the domestic use and 0.22, 0.32, 0.75 million cubic meters for irrigation. 
Approximate reductions of 0.5, 0.7, and 1 million cubic meters in the monthly consumption of the urban 
community and enhanced irrigation efficiencies of about 6, 11, and 20% in the agricultural sector are 
recommended as approaches for combating the water shortage over the next 3 years. 
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)hh/U�iU/f( )bb/T�k( hh/U Ti/k %�/�zNZ 3�>" T^f 

\f/T k \f/T Ti/k %�/�zNZ 3����#Z ^^f 
)hh/U�^h/i( )^/T�k( hh/U gg/k %�/�z`���	 3�>" T^i 

\f/T k \f/T gg/k %�/�z`���	 3����#Z ^^i 
hh/U k hh/U Tg/k %�/�z%�/� 3�>" T^U 
\f/T k \f/T Tg/k %�/�z%�/� 3����#Z ^^U 
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�>�
( c�pf�
(A) 

-O��6L+(D) -�O �	�	��
(w) 

i�*� �	L#C�
U	2�� �d"(p) 

-O U	2��(h) ��>>+ A�p� �2	>" 

)bT/U�hT/g( )T/\�k( bT/U Ti/k NZzNZzNZ 3�>" T\T 

)\f/T�g^/k( )fb/k�k( \f/T Ti/k NZzNZzNZ 3����#Z ^\T 

)bT/U�hT/g( )T/\�k( bT/U gg/k NZzNZz`���	 3�>" T\^ 

)\f/T�Tf/T( )^/k�k( \f/T gg/k NZzNZz`���	 3����#Z ^\^ 

)bT/U�hT/U( )T/k�k( bT/U Tg/k NZzNZz%�/� 3�>" T\\ 

\f/T k \f/T Tg/k NZzNZz%�/� 3����#Z ^\\ 

)bT/U�bT/g( )T/\�k( bT/U Ti/k NZz`���	 zNZ 3�>" T\h 

)\f/T�^f/T( )T/k�k( \f/T Ti/k NZz`���	 zNZ 3����#Z ^\h 

)bT/U�hT/f( )T/^�k( bT/U gg/k NZz`���	 z`���	 3�>" T\b 

\f/T k \f/T gg/k NZz`���	 z`���	 3����#Z ^\b 

bT/U k bT/U Tg/k NZz`���	 z%�/� 3�>" T\g 

\f/T k \f/T Tg/k NZz`���	 z%�/� 3����#Z ^\g 

)bT/U�\T/i( )^/T�k( bT/U Ti/k NZz%�/� zNZ 3�>" T\f 

)\f/T�^f/T( )T/k�k( \f/T Ti/k NZz%�/� zNZ 3����#Z ^\f 

)bT/U�\T/i( )^/T�k( bT/U gg/k NZz%�/� z`���	 3�>" T\i 

\f/T k \f/T gg/k NZz%�/� z`���	 3����#Z ^\i 

bT/U k bT/U Tg/k NZz%�/� z%�/� 3�>" T\U 

\f/T k \f/T Tg/k NZz%�/� z%�/� 3����#Z ^\U 
)bT/U�gT/gT( )U/^�k( bT/U Ti/k `���	zNZzNZ 3�>" T\Tk 

)\f/T�ff/k( )g/k�k( \f/T Ti/k `���	zNZzNZ 3����#Z ^\Tk 

)gT/U�hT/f( )T/^�k( bT/U gg/k `���	zNZz`���	 3�>" T\TT 

\f/T k \f/T gg/k `���	zNZz`���	 3����#Z ^\TT 

bT/U k bT/U Tg/k `���	zNZz%�/� 3�>" T\T^ 

\f/T k \f/T Tg/k `���	zNZz%�/� 3����#Z ^\T^ 

)bT/U�\T/f( )^/^�k( bT/U Ti/k `���	z`���	 zNZ 3�>" T\T\ 

\f/T k \f/T Ti/k `���	z`���	 zNZ 3����#Z ^\T\ 

bT/U k bT/U gg/k `���	z`���	 z`���	 3�>" T\Th 

\f/T k \f/T gg/k `���	z`���	 z`���	 3����#Z ^\Th 

bT/U k bT/U Tg/k `���	z`���	 z%�/� 3�>" T\Tb 

\f/T k \f/T Tg/k `���	z`���	 z%�/� 3����#Z ^\Tb 

bT/U k bT/U Ti/k `���	z%�/� zNZ 3�>" T\Tg 

)\f/T�^f/T( )T/k�k( \f/T Ti/k `���	z%�/� zNZ 3����#Z ^\Tg 
bT/U k bT/U gg/k `���	z�/� %z`���	 3�>" T\Tf 

\f/T k \f/T gg/k `���	z%�/� z`���	 3����#Z ^\Tf 

bT/U k bT/U Tg/k `���	z%�/� z%�/� 3�>" T\Ti 

\f/T k \f/T Tg/k `���	z%�/� z%�/� 3����#Z ^\Ti 

)bT/U�gT/f( )U/T�k( bT/U Ti/k %�/�zNZzNZ 3�>" T\TU 

)\f/T�kf/T( )\/k�k( \f/T Ti/k %�/�zNZzNZ 3����#Z ^\TU 
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�>�
( c�pf�
(A) 

-O��6L+(D) -�O �	�	��
(w) 

i�*� �	L#C�

U	2�� �d"(p) 
-O U	2��(h) ��>>+ A�p� �2	>" 

bT/U k bT/U gg/k %�/�zNZz`���	 3�>" T\^k 

\f/T k \f/T gg/k %�/�zNZz`���	 3����#Z ^\^k 

bT/U k bT/U Tg/k %�/�zNZz%�/� 3�>" T\^T 

\f/T k \f/T Tg/k %�/�zNZz%�/� 3����#Z ^\^T 

bT/U k bT/U Ti/k %�/�z`���	 zNZ 3�>" T\^^ 

\f/T k \f/T Ti/k %�/�z`���	 zNZ 3����#Z ^\^^ 

bT/U k bT/U gg/k %�/�z`���	 z`���	 3�>" T\^\ 

\f/T k \f/T gg/k %�/�z`���	 z��	 `� 3����#Z ^\^\ 

bT/U k bT/U Tg/k %�/�z`���	 z%�/� 3�>" T\^h 

\f/T k \f/T Tg/k %�/�z`���	 z%�/� 3����#Z ^\^h 

bT/U k bT/U Ti/k %�/�z%�/� zNZ 3�>" T\^b 

\f/T k \f/T Ti/k %�/�z%�/� zNZ 3����#Z ^\^b 

bT/U k bT/U gg/k %�/�z%�/� z`���	 3�>" T\^g 

\f/T k \f/T gg/k %�/�z%�/� z`���	 3����#Z ^\^g 

bT/U k bT/U Tg/k %�/�z%�/� z%�/� 3�>" T\^f 

\f/T k \f/T Tg/k %�/�z%�/� z%�/� 3����#Z ^\^f 

7�F]T/\�k[=D131 *]fb/k�k[=D231 +�����,	 ?��/� &��� 
!��% &� �� �% X6 ��/�. :;� ��� &Z N$ ����D	 *��"��)T/\��(

�)fb/k��(&� X6 %�[-Z �F��  � ��>" !���Z 
��	 3��� �3�
����#$3%��% %�.� A�� !��% +�  .A��� !��% �% X6 ��/�. ���

�/%��"��*�. :;� �� +�  /���%7[M S�� �%*-$[��6 %�5���� 3
�>��" !�����$ 
����	3����#��$ �3A���� !��% �% ������1E %���.� 

+"�% .��� A�� S�� �%�./���P �% ��"�� N�$ X6 �� 5�% �% &�$ 
�. :;� &�"4� S��/X6 ���/%�� `���	 �/S�� �% �� �% ��/%�

X6 %�[-$ N� ��� *�"�� >.��  7��M5S��� �% A��� �����1E %��.�
+��"�% .���/����$ X6 ��5����� 3	���  �E ?�����" ���>3����#��$ �3��

�>���3HI ��1	 �% &�"4� �+�� !�" !� .��#�E ?���C-� S��	 7F
 %%���" ?/� �� +�  &Z !��% A��-  �% ���/�. :;�� &�Z 5��M� `/�

&����	�E�� 3�����/� N����$ !�����" !%�% s������1  X6 7����Z *�����"�� 
]iT/\T�U^/^^[=A	�=��,8	��	 �� ��o�D  %���	 X6 7�Z �

3�� ��Y����� !���Z 
��	 iT/\T���=�	 �,8	��	 +��� .?�/�
 5	 ��#E &=r�	 &�Z ��%�	�=����( ��F �% %��[-Z ��,8	��	 ���/?

�1 �>� s�X6 &� �o�D  &� +[�E 3'1� ��%��% %��.� .?/�������
 E �%�-E !%��6�� 3��� !���Z 
��	�@����	 �� �� X6 �/�� 3���o ��

 &� �B/% � %��6 +�%/��% '��$ �� 
��	 �.
��	 %��	 �% &�[��

 �>" !���$*3	 �� 
��	 �% '��$ O��-,	 5��% .7��D	 �%*+��  
% S�2 7Z �% `���	 ��/�. :;� 3�/���� s���1  X6 7Z *!��

 &���/]iT/\T�hT/^f[=A	�=��,8	��	 �� 7Z X6 3�o�D  �
������Z 
��	�R/jR	�=����,8	��	 �� +��� .���0n2� ?�/�
 ��-$ X6 %�[-Z3�	 ��#�E 7�[M +��F &� +[�E �� 5���% .?/�������

 @�[�	 �� X6 &��>  ?��� ��/�� ������Z 
��	 ����� '���Z ��/ � �� 
 �M�� �����  X6 3�o�D  ����Z ��� .�/����� ?/���>� +���F �% 5��,/

5	�B�� &	�E�� K�� 52 �% X6 ��/�. :;� &Z 3�/��/%�7�Z *+��
 ��� ������ X6 s��1 ]iT/\T�UT/^U[=A	�=����,8	��	 ��

+�� 5	 ��#E &Z X6 3�o�D  ��% �% H !���Z 
��	�=5+F�� �� 
 ��" ����H ?�	�  7[M +��F �% �� .� ��� v��M� S��-�F� &�� ���� ?/

�/���� )N$zN$zN$(�%�% �� 3��� �% &�Z 3���o *�	� +�� ?�/�(
 &� N���� �% �/���� ?/� �	6 ����H %�.�*+�� &.�  7��M .?/������

 +���� �% &��>� 3��� 3��4� X6 3���*q��/� &�m=� %��� ��>�  &E 
�% %�.�	N���� )!��� &=P�� �3(%�" &���� �tE �% �/�� ��E .


�� @��  7F]b\f^TT �hkb\Tb[=f±���� 5/�>E �F �% 
&�	�E�� K��� 5�2 �% �� N���� s��H %�� ��t�E� %��	 ��#�E 3��/�

5	 ��% .�% ?��� S��	 3�����y�	 �/�� ��E�	 ��E N���� s��H %��
 ?�/�( � ��� �F+f�−f5	 ���y  ��Z .5;/��" �% &Z X6 3��o�D 
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���� ]�S�	 �%�-E !�[���$ IMSLP )�,8	 ��	 ���=�	(
c�pf�
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�>�
( c�pf� -O -O ��6L+ 

�	�	��
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-O U	2�� �d" ��>>+ A�p� �	" 

g^/T^ )f\/U�b\/i( )^/T�k( f\/U `���	 3�>" T\ih 
fh/T )g/T�h/T( )^/k�k( g/T `���	 3����#Z T\ih 
kT/f )T/Tk�\/U( )i/k�k( Tb/Tk �	`��zNZ 3�>" T\ib 
T/T )bb/T�\/T( )^/k�k( b/T `���	zNZ 3����#Z T\ib 

bf/f )b/Tk�^f/U( )^\/T�k( b/Tk `���	zNZzNZ 3�>" T\ig 
bU/^ )g^/T�hi/T( )Th/k�k( g^/T `���	zNZzNZ 3����#Z T\ig 

^ibi^k )hi^\UU�\\hT^b( %��)����S�/�(

�P ������Z 
��	 `��  
�� ?�/�( �� ��2 q/ *%��� �� ?/�� 
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 � ���� q��/� &� ����� �� K��;	 N���� %�� 3��� �F &� �����
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����)+± = WWi(�	/&� �H ���P � ����H� �% �� X6 &E�����
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